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Executive Summary 
This report summarises the volcanic activity at the Soufrière Hills Volcano, Montserrat for the 
period from 13 October 2012 to 30 April 2013, inclusive, including all monitoring and visual 
observations.  

Activity during the reporting period has been low. The sole exception was a brief period of 
activity between 4 and 6 February 2013 that involved short but intense volcano-tectonic 
earthquake activity, increased SO2 emissions and probably some ash venting. 

Seismic activity has been low. Volcano-tectonic (VT) earthquakes occurred sporadically, 
sometimes in strings or brief swarms. Low-frequency earthquakes (hybrids, LPs) have been 
virtually absent. Rockfall activity continues at a slowly-declining rate, consistent with weathering 
of the collapse scar and the dome. 

Ground deformation continues to show slow radial inflation similar to that during previous 
pauses in activity.  

The SO2 output has been generally low with a mean value of 463 tonnes/day. There have been 
occasional peaks in the daily flux, with the two largest being 2004 tonnes/day on 19 January 
2013 and 2381 tonnes/day on 6 February 2013. 

There have been no significant changes to the dome or fumarolic activity. 

The pause in lava extrusion which started on 11 February 2010 continues and is over 38 
months long as of 30 April 2013. 



MVO OFR 13-06: Six Monthly Scientific Report, 13/10/2012 to 30/04/2013   3 

 
Table of Contents 
Executive Summary 2 
1. Volcanic Activity for the Period 13 October 2012 to 30 April 2013 5 

1.1  Narrative 5 
1.2  Seismic Activity from 13 October 2012 to 30 April 2013 7 

1.2.1  Summary 7 
1.2.2  Current levels of seismicity 7 
1.2.3  VT Strings 14 
1.2.4  Seismicity on 4 and 5 February 2013 17 
1.2.4.1   4 February 2013 17 
1.2.4.2   5 February 2013 18 
1.2.4.3   SO2 flux 20 

1.3  Ground Deformation 22 
1.3.1  cGPS 22 
1.3.2  EDM 29 
1.3.3  Strain 31 

1.4  Gas Monitoring 32 
1.4.1  SO2 emissions 32 
1.4.2  Sulphur dioxide (SO2) diffusion tubes 35 

1.5  Dome Volume and Morphology 37 
1.5.1  Dome volume 37 
1.5.2  Dome morphology 37 
1.5.3  Dome incandescence and fumarole temperatures 39 

2  Discussion of Activity and Comparison with Past Activity 41 
2.1  Pause in Dome Growth 41 
2.2  Dome Stability 44 
2.3  Criteria for Continuation of Activity 45 

2.3.1  Seismicity 45 
2.3.2  Gas 45 
2.3.2 Ground deformation 45 

2.4  Phases and Pauses 46 
3  Hazards and Risks 49 

3.1 Risk Assessment 49 
3.2 Hazard Level System 49 
3.3 Access to Zone V 49 
3.4 Geothermal Drilling Project 49 

4  MVO Monitoring Networks 50 
4.1  Seismic Monitoring 50 

4.1.1  Instrument changes at stations 50 
4.1.2  Ongoing problems and known issues 50 
4.1.2.1   Seismometer mass problems 50 
4.1.2.2   Telemetry issues 51 
4.1.3  Future developments 51 
4.1.3.1   Short term goals 51 
4.1.3.2   Longer term plans 51 

4.2  Ground Deformation Monitoring 52 
4.2.1  cGPS 52 



MVO OFR 13-06: Six Monthly Scientific Report, 13/10/2012 to 30/04/2013   4 

4.2.2  eGPS 52 
4.2.3  GPS archiving and processing 52 
4.2.4  EDM 52 
4.2.5  Tilt 52 
4.2.6  Strain 52 

4.3  Gas Monitoring 53 
4.4  Dome Volume 53 
4.5  Remote Cameras 53 
4.6  Thermal Cameras 53 
4.7  Remote Sensing Data 54 
4.8  Infrasonic Monitoring 54 
4.9  WEBOBS 55 

5.  MVO Operations 56 
5.1  Staffing 56 
5.2  Education and Outreach 56 
5.3  Helicopter 57 
5.4  Volunteers / PhD students / Visitors 57 
5.5  Internships 57 
5.6  Collaboration 57 
5.7  External Research Projects with significant MVO involvement 57 
5.8  MVO Archive 58 

References 59 
 

 



MVO OFR 13-06: Six Monthly Scientific Report, 13/10/2012 to 30/04/2013   5 

1. Volcanic Activity for the Period 13 October 2012 to 30 April 2013 

1.1  Narrative 
Activity has been low during the reporting period. Figure 1.1.1 shows the key monitoring data 
(daily seismic count, GPS and SO2 flux) for the period 13 October 2012 to 30 April 2013, 
inclusive. 

 

Figure 1.1.1  Seismic, GPS and SO2 monitoring data for the period 13 October 2012 to 30 
April 2013, inclusive. Top: Number of volcanic earthquakes detected and 
recorded by the seismic network. Middle: Displacement of cGPS station MVO1 
radially away from the SHV vent (GAMIT processing). Bottom: Measured daily 
SO2 flux.  

There was a very brief swarm of volcano-tectonic (VT) earthquakes on 24 December 2012. 
There was no other activity associated with this. 

There was a period of increased activity from 4 to 6 February 2013, involving VT earthquakes, 
elevated gas flux and probably light venting of ash. There were four brief swarms of VT 
earthquakes, at 10:20 pm on 3 February, at 9:15 am and 9:50 pm on 4 February and at 6:20 am 
on 5 February (all local time). The second of these was the most intense. After the second 
swarm, there were increases in the temperatures of several fumaroles inside the 11 February 
2010 collapse scar. There was a further temperature increase, as well as some loud roaring 
sounds, around the time of the third VT swarm. It is likely that the activity included minor ash 
venting from a large fumarole in the floor of the collapse scar as fresh ash deposits were 
observed adjacent to this fumarole on the morning of 5 February. All fumaroles had returned to 
background levels of activity and temperature by later that day. 
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The activity was accompanied by an increase in sulphur-dioxide flux, with peaks of 962, 1266 
and 2381 tonnes/day on 1, 4 and 6 February 2013 respectively. The last of these is the highest 
daily value since the ash-venting episode on 23-25 March 2012. Flux remained elevated, with a 
mean value over 900 tonnes/day, until 15 February, when it returned to previous levels. 

This type of activity has been observed on several occasions since the end of extrusion on 11 
February 2010 and this was the most intense since the ash-venting episode on 23-25 March 
2012. 

There was a pyroclastic flow in the Tar River Valley at about 5 am (local time) on Thursday 28 
March. The flow was not observed directly, but the deposits show that it travelled half-way down 
the valley to between 1 and 1.5 km from the dome. There were no reports of ash fall; any ash 
cloud was probably blown over Plymouth and out to sea. The source of the flow was 
subsequently identified as a very large slab of lava that had been peeling away from the near-
vertical eastern face of the dome. 

There were multiple lahars in the Belham Valley on 13 and 14 October 2012 during the passage 
of Tropical Storm Rafael. 

Heavy rainfall during the evening of 28 March generated large lahars in several valleys and 
ghauts around the volcano, including in the Belham Valley. These started at about 7pm and 
lasted for several hours. 

Heavy rainfall early in the morning of 30 March generated lahars in several valleys and ghauts 
around the volcano, including in the Belham Valley. These started at about 2:30 am and lasted 
for more than an hour. 
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1.2  Seismic Activity from 13 October 2012 to 30 April 2013 

1.2.1  Summary 
The level of seismic activity recorded at the Soufrière Hills Volcano (SHV) during this reporting 
period has been low. 

Figures 1.2.1 and 1.2.2 show the daily counts of the different earthquake types. Figure 1.2.1 is 
for the reporting period, from 13 October 2012 to 30 April 2013 inclusive, and Figure 1.2.2 is 
from the end of Phase 5, 12 February 2010, to 30 April 2013. These show that the pattern of 
occasional rockfall events and sporadic VT earthquakes seen since the end of Phase 5 has 
continued, with these two types comprising the vast majority of the total number of recorded 
earthquakes. Several VT strings occurred during the reporting period, with the most intense on 
4 February 2013 preceding the increased fumarolic activity and weak ash venting observed on 5 
February 2013. 

Low-frequency earthquakes, encompassing long-period events, hybrid events and long-period / 
rockfalls, continue to be virtually absent. There were only 15 of these events during the 
reporting period.  

Rockfall activity has been low, in keeping with the declining trend over the last 3 years as the 
dome stabilizes. 

This pattern of seismicity is typical of a pause in lava extrusion, and is consistent with the levels 
of activity seen in previous pauses. 

1.2.2  Current levels of seismicity 
The total counts and mean daily event rates for each event type are listed in Table 1.2.1. The 
counts are given for both the reporting period and for the period since the end of Phase 5, from 
12 February 2010. The average daily rate of all earthquake types for the last 6 months is lower 
than the average across the whole of the current pause. 

 

TABLE 1.2.1 

(a) Pause 5 (b) 13-Oct-2012 to 30-Apr-2013 
Event Type 

Total Events/Day Total Events/Day 

LP/Rockfall 94 0.08 5 0.03 

Hybrid 136 0.12 10 0.05 

LP 93 0.08 1 0.01 

Rockfall 1419 1.21 48 0.24 

VT 897 0.76 102 0.51 

All 2639 2.25 166 0.83 

Table 1.2.1  Total number of events and mean daily event rates for each earthquake type 
during (a) the whole of Pause 5 and (b) the period covered by this report. 
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Figure 1.2.1  Daily counts of the different earthquake types recorded by the MVO network 
between 13 October 2012 and 30 April 2013. The daily count of all event types is 
shown at the top, followed by individual counts for VTs, Rockfalls, Hybrids, LP 
events and LP/Rockfalls. 



MVO OFR 13-06: Six Monthly Scientific Report, 13/10/2012 to 30/04/2013   9 

 

Figure 1.2.2  Daily counts of the different earthquake types recorded by the MVO since the 
end of Phase 5, i.e. from 12 February 2010 until 30 April 2013. The daily count of 
all event types is shown at the top, followed by individual counts for VT events, 
Rockfalls, Hybrids, LP events and LP/Rockfalls. VT “strings” are marked by the 
red stars on the VT plot. 
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Simply analysing earthquake numbers is not the best way to consider the rate of energy 
release, as the size of the earthquakes is not taken into account. Figure 1.2.3 shows the 
cumulative VT magnitudes, and the estimate of the cumulative VT energy calculated from the 
local magnitudes (ML) using the Gutenberg-Richter magnitude-energy relationship: 

log E = 1.5 * ML + 11.8 

This method to estimate total VT earthquake energy should be more robust than relying on 
amplitude measurements at a single station, which is sensitive to site effects and data gaps. 
Figure 1.2.3 highlights the distinct seismic gap (in both VT energy and numbers) that occurred 
for several months following the 23 March 2012 episode. It also emphasises that the VT string 
on 4 Feb 2013 was nowhere near as significant, energetically, as that of 23 March 2012. Note 
that magnitudes in the MVO catalogue before 2010 have not yet been reliably determined, and 
so are not included in the plot. 

Two large VT events, with magnitudes ML 3.0 and ML 2.9, occurred on 15 and 19 April 2013 
respectively. These were unusual in that they occurred in isolation and were not part of a VT 
swarm or string. Isolated large VT earthquakes have been seen before at SHV, most recently  
on 28 June and 9 October 2011 and the set of seven isolated VTs with similar waveforms that 
occurred between October 2008 and May 2009. 

 

 

Figure 1.2.3  VT earthquakes since the end of Phase 5. Both plots show a histogram of daily 
counts of VT earthquakes, with VT strings marked by red stars. Top: Cumulative 
VT local magnitudes. Bottom: Approximate cumulative VT energy release. Note 
the total energy release during this period of around 237 GJ is the equivalent of 
a single M4.4 earthquake. 
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Figure 1.2.4  Hypocentres of located VT earthquakes recorded on the MVO seismic network 
between 13 October 2012 and 30 April 2013 (99 events in total). The size of 
each circle is proportional to the earthquake magnitude. The lower panel 
displays the depths as a function of time. 
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Figure 1.2.4 shows the hypocentres of all VT earthquakes recorded by the MVO network that 
were able to be located. These locations are, as usual, subject to large errors and network 
biases, but the locations are consistent with all recent VT seismicity at SHV, located within a 
relatively small seismogenic volume beneath the dome at depths between 1 and 4 km.  

Low-frequency seismicity has been rare, although several small hybrid events occurred at the 
end of the VT string on 4 February 2013 (in a similar manner to 23 March 2012). The 
hypocenters of the few located hybrid events during the reporting period are shown in Figure 
1.2.5. 

Figure 1.2.6 shows the daily count of rockfalls recorded by the seismic network since the end of 
Phase 5. This shows the pattern of slowly declining rockfall activity following the partial dome 
collapse.  

Table 1.2.2 compares the current event rates from Table 1.2.1 with the rates calculated for 
previous pauses, the total mean daily event rate for the whole pause remains consistent with 
the event rates seen during previous pauses, even though the rates for this reporting period in 
isolation are somewhat reduced. 

 

TABLE 1.2.2 

Pause 1 Pause 2 Pause 3 Pause 4a Pause 4b 
Event 
Type Events / day 

(total) 
Events / day 

(total) 
Events / day 

(total) 
Events / day 

(total) 
Events / day 

(total) 

LP/RF 0.07 
(44) 

0.00 
(2) 

0.07 
(34) 

0.54 
(31) 

0.04 
(12) 

Hybrid 1.00 
(627) 

2.72 
(1696) 

0.82 
(393) 

1.37 
(78) 

0.01 
(2) 

LP 0.44 
(273) 

0.23 
(145) 

3.02 
(1458) 

1.30 
(74) 

0.04 
(12) 

RF 10.11 
(6336) 

0.41 
(257) 

0.94 
(454) 

2.68 
(153) 

0.64 
(174) 

VT 5.88 
(3689) 

0.41 
(256) 

0.89 
(432) 

1.47 
(84) 

0.63 
(172) 

All 17.49 
(10969) 

3.78 
(2359) 

5.80 
(2797) 

7.36 
(420) 

1.36 
(372) 

Table 1.2.2  Total number of events and mean daily event rates for each earthquake type 
recorded at SHV during pauses in lava extrusion. The dates of the pauses are 
defined in Table 2.4.1. 
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Figure 1.2.5  Hypocentres of located hybrid earthquakes recorded on the MVO seismic 
network between 13 October 2012 and 30 April 2013 (4 events in total). The size 
of each circle is proportional to the earthquake magnitude. The lower panel 
displays the depths as a function of time. 
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Figure 1.2.6  Daily counts of rockfall events since the end of Phase 5, i.e. from 12 February 
2010 until 30 April 2013. The red line represents a 60-day moving average, and 
the green a 60-day low-pass filter of the daily event counts.  

1.2.3  VT Strings 
As discussed at some length in previous reports, VT strings have become a feature of the 
eruption since late 2007. A VT string is loosely defined as a short, intense swarm of VT 
earthquakes, and are occasionally referred to elsewhere as ‘spasmodic bursts’. Table 1.2.3 
contains a list of seven VT strings that occurred during this reporting period. It should be noted 
that Table 1.2.3 only gives the numbers of earthquakes large enough to trigger the earthworm 
event detection algorithm, which can be somewhat subjective if the event rate is high and 
several events are “cut out” from a single waveform file. In all of these cases more, lower 
amplitude, events were identified from manual inspection of the continuous data.  

Helicorder plots of all seven VT strings are shown in Figure 1.2.7. The VT string on 30 
November 2012 was the largest in terms of earthquake numbers, with 23 triggered earthquakes 
recorded, although all were of ML 2.1 or less. The energetic swarm of VT earthquakes that 
occurred on 4 February 2013 is discussed in more detail in section 1.2.4.  

The total number of identified VT strings since November 2007 is now 51. If the 4 February 
string is included, 13 of these (25%) have directly preceded surface activity.  

As has been suggested before, there may be a relationship between VT strings and surface 
activity. Figure 1.2.8 shows the daily SO2 flux and daily VT count since the end of Phase 5 with 
the VT strings marked. The plot shows some agreement between the peaks in SO2 flux and the 
occurrence of VT strings, including the flux increase during early February 2103. 
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TABLE 1.2.3 

 
# 

Date / Time 
(UTC) 

Triggering 
VTs 

Located 
VTs 

Duration of String 
(minutes) 

Maximum 
Magnitude 

1 05-Nov-2012 11:48 7 7 32 2.5 

2 30-Nov-2012 21:10 23 22 33 2.1 

3 24-Dec-2012 11:33 9 9 20 2.1 

4 04-Feb-2013 02:12 4 4 35 2.3 

5 04-Feb-2013 13:05 14 13 6 2.6 

6 05-Feb-2013 01:47 5 5 26 1.6 

7 05-Feb-2013 10:23 2 2 14 1.5 
 

Table 1.2.3  VT Strings observed at SHV between 13 October 2012 and 30 April 2013. The 
table lists the date and onset time of the string, the number of VT events that 
triggered the earthworm event detection algorithm, the number of events that 
were located, the approximate duration of the string in minutes and the 
maximum local magnitude of the earthquakes. 
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Figure 1.2.7  Sections of helicorder plots from station MBLY, showing the seven VT strings 
listed in Table 1.2.3. The string on 30-Nov-2012 was the largest in terms of 
earthquake numbers. None of these strings were followed by subsequent tremor 
signals, although the swarms of VT earthquakes on 4 and 5 February 2013 were 
associated with very minor ash venting. This is discussed in more detail in 
section 1.2.4. 
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Figure 1.2.8   SO2 flux and VT earthquakes since the end of Phase 5. Top: Daily SO2 flux, with 
7-day median filter shown in green. Note the clipped value of 4594 T on 26 
March 2012, indicated by the red star. Bottom: daily counts of VT earthquakes, 
with VT strings marked by red stars. The red line represents a 60-day median 
filter and the green line a 60-day low-pass filter. Note that some values are 
clipped to show the trend. 

1.2.4  Seismicity on 4 and 5 February 2013 

1.2.4.1   4 February 2013 
Two VT strings occurred on 4 February, the first beginning at 02:12 UTC. Inspection of the 
continuous data gave a total of 24 events in just under two hours between 02:12:09 and 
04:10:46 UTC. Only 4 of these events triggered the automatic event detection algorithm, with 
the largest at 02:46:46 having a local magnitude of ML 2.3. No RSAM alarms were triggered. 
This string was followed by a more intense sequence of seismicity approximately 11 hours later. 

The second VT string beginning at around 13:05 UTC (Figure 1.2.10) is the most noteworthy 
seismicity to have occurred during this reporting period. A total of 14 events were triggered by 
the earthworm detection algorithm in only six minutes between 13:05 and 13:11 UTC, although 
this number is somewhat subjective as the high event rate meant some triggered files contained 
several events which had to be manually selected and cut out.  A manual count gave a total of 
36 events in 27 minutes between 13:05 and 13:32 UTC, although the vast majority of these 
occurred in the first six minutes. Because of the large amplitude and overlapping codas due to 
the close temporal spacing, this is almost certainly an underestimate and some smaller events 
will likely have been missed. A 60s RSAM alarm was triggered at 13:07UTC, corresponding to 
some of the largest events in the swarm with MVO local magnitudes of up to ML 2.6 - somewhat 
larger than the swarm 11 hours earlier. The hypocentres of located earthquakes in the swarm 
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are shown in Figure 1.2.9. There is no obvious pattern or migration of the hypocentres with time, 
although there is perhaps a hint that some of the larger magnitude events in the middle of the 
sequence occurred slightly deeper. Analysis of the focal mechanisms (see Figure 1.2.11) 
revealed a range of solutions, in most cases badly constrained. 

It is worth noting that there are some similarities between this sequence and the events of 23 
March 2012 (Cole et al, 2012a). These are: both swarms were preceded by a smaller VT string 
approximately 11 hours earlier, both had a similar duration – of around 10 minutes for the most 
intense phase, both had a very high event rate and both were followed by several hybrid 
earthquakes (see Figure 1.2.10). Both events were also precursory to minor surface activity, 
although the timescales are slightly different. 

However, it is clear that the seismicity on 4 February 2013 is at least an order of magnitude 
smaller in terms of event magnitudes and total energy. Also, careful examination and filtering of 
the waveforms revealed no evidence of a similar VLP signal to that seen on 23 March 2012. 
Unfortunately, no strain data is available from any of the four CALIPSO stations for comparison, 
so it is difficult to speculate further on whether the generation mechanisms for the two episodes 
were similar. 

1.2.4.2   5 February 2013 
VT seismicity increased again in the early hours of 5 February, with a further VT string 
occurring. Manual inspection of the continuous data gave a total of 20 events in around 30 
minutes between approximately 01:47 and 02:17 UTC. All of these events were small and only 
five of them triggered the detection algorithm, with the largest at 02:17:39 having a local 
magnitude ML of 1.8. No RSAM alarms were triggered by this seismicity. 

As discussed in Section 1.5.2, photographic and thermal video evidence suggests that during 
and after this VT string, minor ash venting was occurring from the main gas vent in the floor of 
the February 2010 collapse scar between approximately 01:45 and 04:00 UTC. There is no 
evidence of any seismic or infrasonic signals accompanying this venting. 

Several hours following the ash venting, there was further seismicity, with two ML 1.5 VT 
earthquakes occurring. Inspection of the continuous data revealed only one further event, giving 
a total of 3 VT events in 14 minutes between 10:23:23 and 10:37:40 UTC.  
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Figure 1.2.9  Hypocenters of all located VT earthquakes during the swarm on 4 February 
2013, between 13:05 and 13:15 UTC. 12 earthquakes are shown. The size of 
each circle is proportional to the earthquake magnitude. The lower panel 
displays the depths as a function of time. 
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Figure 1.2.10 Vertical component seismogram and associated spectrogram showing the short 
intense VT swarm on 04-Feb-2013. Note the hybrid events at the end of the 
sequence (400-600s) with energy concentrated between below 5Hz, in contrast 
to the main swarm of VT earthquakes before these hybrids, which show a much 
higher and broader frequency content. 

1.2.4.3   SO2 flux 
Another similarity to note between the seismicity on 4 and 5 February and the events of March 
2012 is the peak in SO2 output that occurred following the VT earthquakes (see Figure 1.2.8). 
The SO2 mass output on 4 and 5 February were 1266 and 446 tonnes respectively, with gas 
output peaking on 6 February at 2381 tonnes. 
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Figure 1.2.11 Focal mechanisms of selected VT earthquakes from the swarm on 04-Feb-2013. 
The six best-constrained events are shown, occurring between 13:06:05.9 and 
13:09:58.0 UTC. Each panel shows 3 solutions determined from P-wave 
polarities only using: a) USGS HASH software (Hardebeck & Shearer, 2002, 
2003) b) FPFIT (Reasenberg & Oppenheimer, 1985) and c) PINV (moment 
tensor inversion). 
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1.3  Ground Deformation 

1.3.1  cGPS 
Measurements from the local continuous GPS (cGPS) network indicate long-term inflation of the 
volcanic edifice that is consistent with a pause in volcanic activity. Figure 1.3.1 shows the radial 
displacements of Montserrat cGPS stations since the onset of Pause 5 in February 2010. The 
corresponding tangential and vertical displacements since the onset of Pause 5 are shown in 
Figures 1.3.2 and 1.3.3 respectively. 

 

  

Figure 1.3.1  Radial extension relative to the volcanic vent and associated uncertainties 
(recorded since Pause 5 offset in 2010). Phase 5 lava extrusion is shaded in 
pink. A background plate velocity of [E 1.06, N 1.40] cm/yr was removed from 
the data. Horizontal lines indicate a zero-velocity reference for each station. 
Displacements due to antenna changes have been corrected. The step offset in 
all time series in March 2012 is a processing artefact due to missing or noisy 
data from three highly constrained international reference stations (KOUR, 
MANA and GUAT). 
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Figure 1.3.2  Tangential extension relative to the volcanic vent and associated uncertainties 
(recorded since Pause 5 offset in 2010). Phase 5 lava extrusion is shaded in 
pink. A background plate velocity of [E 1.06, N 1.40] cm/yr was removed from 
the data. Horizontal lines indicate a zero-velocity reference for each station. 
Displacements due to antenna changes have been corrected. The step offset in 
all time series in March 2012 is a processing artefact due to missing or noisy 
data from three highly constrained international reference stations (KOUR, 
MANA and GUAT). 
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Figure 1.3.3  Vertical extension relative to the volcanic vent and associated uncertainties 
(recorded since Pause 5 offset in 2010). Phase 5 lava extrusion is shaded in 
pink. A background plate velocity of [E 1.06, N 1.40] cm/yr was removed from 
the data. Horizontal lines indicate a zero-velocity reference for each station. 
Displacements due to antenna changes have been corrected. The step offset in 
all time series in March 2012 is a processing artefact due to missing or noisy 
data from three highly constrained international reference stations (KOUR, 
MANA and GUAT). 
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Figure 1.3.4  Horizontal deformation velocities measured at cGPS stations around Montserrat 
during Pause 5 (12 Feb 2010 to present, black) and for the reporting period (16 
Sep 2012 to 5 Apr 2013, red). Velocities are calculated relative to a regional 
tectonic plate model defined using velocities from local and reference stations 
that provide a statistically consistent plate rotation pole/ velocity. 
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Figure 1.3.4 shows the horizontal velocity vectors estimated from GPS data during the reporting 
period, compared to those for the whole of Pause 5. The velocities presented in this figure take 
into account the offset produced by the change in the GPS monument at White’s Yard (WTYD) 
in March 2012, which was not reflected in the equivalent figure in Cole et al (2012b). With the 
exception of HERM, vectors at all stations are consistent with the long-term trend of edifice 
inflation. This suggests that the system remains active and continues to yield deformation 
signals that are similar to those observed during previous pauses in extrusion. 

Figure 1.3.5 shows relative changes in GPS baseline lengths between several pairs of cGPS 
stations on Montserrat, from the start of Pause 5 to the end of the current reporting period. 
Figure 1.3.6 shows these lines on a map. 

 

 

Figure 1.3.5  Line length changes (in metres) between several pairs of cGPS stations from the 
start of Pause 5 to the end of the current reporting period. Phase 5 lava 
extrusion is shaded in pink.  The signal artefact observed as an increase in 
variance on all baselines on March 23 is due to poor data availability and quality 
from international reference cGPS stations. 

Figure 1.3.7 shows the same data as Figure 1.3.5 for the current reporting period. The longer 
baselines (i.e. SSOU-MVO1, SSOU-HARR, and HARR-SPRI) show a continued gradual 
baseline lengthening, consistent with inflation of the volcano.  The shorter baselines (i.e. SSOU-
SPRI, SSOU- HERM, and HERM-SPRI) show very slow lengthening (minimal inflation) as a 
result of them being closer to the dome. 
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Figure 1.3.6 Illustration of cGPS lines discussed in this report. Colours correspond to the 
symbol colours in Figures 1.3.5 and 1.3.7. 
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Figure 1.3.7  Line length changes (in metres) between several pairs of cGPS stations for the 
current reporting period. 
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1.3.2  EDM 
A map of the EDM baselines used by MVO is shown in Figure 1.3.7. EDM measurements 
provide data on the near-field deformation of the volcano. Figure 1.3.8 shows baseline length 
changes recorded over the EDM network from the start of Pause 5 to the end of the current 
reporting period. Figure 1.3.9 shows the same data for the current reporting period. Data gaps 
are due to weather conditions which precluded making measurements to certain sites. 

Line lengthening is observed for at least three of the EDM baselines over the reporting period 
(Figure 1.3.9), with a sharp increase in line lengthening seen from December 2012. These are: 

• EDBR_EDWR on the south western flank 
• EDBR_EDUB on the western flank 
• EDM2_EDUF on the northern flank 

 

 

 

Figure 1.3.7  MVO EDM Network sites (circles) and measured baselines (dashed lines). Pale 
red sites are not used in routine surveying. 
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Figure 1.3.8  Changes in the length of EDM-measured baselines around SHV from start of 
Pause 5 to present.  

 

Figure 1.3.9  Changes in the length of EDM-measured baselines around SHV for the current 
reporting period.  
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1.3.3  Strain 
MVO have not been able to recover strain data for the period of activity in early February 2013.  

This might have shown deformation associated with the seismic/venting event, as it did for that 
in March 2012. 
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1.4  Gas Monitoring 

1.4.1  SO2 emissions 
Figure 1.4.1 shows the daily SO2 flux for the reporting period from 13 October 2012 to 30 April 
2013; the mean value during this period is 463 tonnes/day. The flux has been generally low, but 
there have been several spikes, mainly between 25 November 2012 and 12 February 2013. The 
mean value during that period was 560, compared to 355 beforehand and 406 afterwards.   

The mean daily SO2 emission rates over the past six months are within error (up to 30%, 
Edmonds et al., 2003) of the eruption long term average (LTA) which currently stands at 511 
tonnes/day.   

 

 

Figure 1.4.1  Daily sulphur dioxide flux values for the reporting period November 2012 until the 
end of April 2013. 
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The degassing regime has remained fairly consistent since the end of Phase 5 and the large 
(1.5-2.3 years) pulses which occurred from 2002 until 2010 have yet to return (see Figure 
1.4.2). Table 1.4.1 lists the mean flux since the end of Phase 5 along wit the mean values for 
the pulses and intermediate periods that have previously been identified. 

The mean daily flux since the end of Phase 5 is 410 tonnes/day which is similar to the mean 
daily flux values during the intermediate periods. The duration of Phase 5 is now longer than the 
longest pulse. Prior to this, the pulses were roughly twice the duration of the intermediate 
periods (see Table 1.4.1).  

 

TABLE 1.4.1 

 Daily mean 
(tonnes) # of values %  of data 

obtained 
Duration 
(years) 

1st intermediate period  
(June 2004 – April 2005) 427 250 69 0.99 

2nd intermediate period    
(Jul 2006 – Jul 2007)  304 317 92 0.94 

1st pulse 
(June 2002 –  May 2004)  561 625 86 2.00 

2nd pulse  
(April 2005 – Jul 23rd 2006)  560 435 76 1.58 

3rd pulse  
(Jul 2nd 2007 - Jan 2010?)  664 732 87 2.31 

2010 restart 
(mid March – present) 410 935 82 3.12 

 

Table 1.4.1 Comparison of degassing pulses with other periods of degassing.  
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Figure 1.4.2  Daily SO2 flux values for the whole eruption (black dots) with an 11 day filter 
(green line) and HCL/SO2 ratios (red rimmed yellow dots).  Eruption phases are 
in grey. 

SO2 flux measurements have also been obtained from traverses beneath the plume, by boat, 
helicopter, jeep or on foot. The values obtained via traverses are compared to the flux data from 
the network in Figure 1.4.3. The traverse values are generally higher and in fact the mean daily 
flux obtained from traverses since February is around 1000 tonnes/day, twice as much as the 
mean daily flux obtained from the network over the same duration.  
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Figure 1.4.3  Daily SO2 flux values from the network compared to values obtained from 
traverses via different modes of locomotion.  

1.4.2  Sulphur dioxide (SO2) diffusion tubes 
Fig 1.4.4 shows the average ground-level concentration of SO2 from diffusion tubes positioned 
at twelve different locations on Montserrat.  These results are for the period February 2010 to 25 
March 2013. Chances Peak has much higher values than the other stations as it is by far the 
closest station to the volcano.  

During this reporting period, there has been a slight increase at most of the sites, although it is 
most prominent at Broderick’s, Chances Peak and Plymouth. The increase appears to start on 
25 January 2013 (the data point actually covers the period from 11 January to 8 February). The 
increase could be a result of the activity that occurred from 4 to 6 February 2013.  

Figure 1.4.5 shows the annual mean SO2 concentration from some of these stations since 2001. 
Also shown is the United States National Ambient Air Quality Standard annual limit of 30ppb.  
All the sites in inhabited areas and in Zone C have been below the limit for the last few years. 
Only Plymouth and Broderick’s have been over the limit – as is Chances Peak which is not 
included in this figure. 
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Figure 1.4.4  Monitored SO2 concentrations (ppb) from February 2010 to March 2013. 

 

 

 

Figure 1.4.5 Annual mean SO2 concentrations from SO2 tubes at selected locations. 
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1.5  Dome Volume and Morphology 

1.5.1  Dome volume 
There has been no extrusion of lava since the end of Phase 5 on 11 February 2010 and so no 
increase in the dome volume. There has, however, been some minor pyroclastic flow (PF) and 
rockfall (RF) activity that has continued to remove very small amounts of material from the 
dome. There has been only one pyroclastic flow during the current reporting period, on 28 
March 2013. 

1.5.2  Dome morphology 
The general morphology of the dome remains largely the same as described in Cole et al 
(2011). Generally, only minor changes have occurred during the reporting period, related to 
mass wasting processes. 

 

 

Figure 1.5.1 Photographs of the large fissure and unstable slab in the cliff face of the 2006-07 
dome. Note helicopter for scale. Insert shows location on east flank of dome. 
Most of the slab has been removed by the pyroclastic flow on 28 March 2013. 

The cliff in the eastern flank of the dome above the Tar River continues to generate small 
rockfalls and remains near vertical and heavily fractured. On 8 March 2013, a large fissure was 
observed in the cliff in the 2006-07 dome. It marked the top of a large slab of dome rock that 
appeared close to failing. The slab (see Figure 1.5.1) measured 80 m wide by 60 m tall, was 
estimated at 6-8 m thick and with a volume of up to 39,000 m3. It is unclear how long this feature 
had been present on the dome before being observed. When first observed, there were several 
large blocks wedged in the fissure, as well as several metre-sized blocks on the talus below 
suggesting recent rockfall. Reports from Caribbean Helicopters’ pilots indicated that the majority 
of the slab was removed in the pyroclastic flow on 28 March 2013, though low clouds have 
prevented observations by MVO staff. The pyroclastic flow reached approximately 1.5 km down 
the Tar River valley and to an unknown height up the slopes of Perches Mountain (permanent 
cloud cover and subsequent rains prevented observations). This is the largest pyroclastic flow in 
the Tar River valley since the start of Pause 5 and one of the largest on any flank of the SHV 
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since the start of Pause 5. There are many other cracks in this face of the dome indicating that 
this side of the dome is highly fractured and likely to continue to produce rockfalls and large 
unstable slabs. 

Very little change has occurred inside the 11 February collapse scar, except for around the 
fumaroles located on the NE edge of the dome. A change difference map derived from two 
TerraSAR-X images showed an increase in roughness around these fumaroles. It is possible 
that these changes are related to the activity on 4-5 February 2013 that saw increased activity 
from some fumaroles. During the increased fumarole activity on 4 and 5 February 2013, a new 
crater was excavated around the Gas Vent in the floor of the scar. The crater is estimated at 15-
20 m across and may be 5-10 m deep. Ash was observed covering the scar floor around the 
vent on 5 February. 

 

 

Figure 1.5.2 Photograph of the 11 February 2010 collapse scar showing the new crater 
around the gas vent. 

No significant changes have occurred on the western flank of the dome. Only minor amounts of 
rockfall deposits have been observed on these and all other flanks. 

There was a good view of the southern flank of the dome on 20 November 2012, the first for 
some time. Several parts of the dome there are fractured and there is one area in particular, 
located just below the southern rim of the explosion crater, that is pervasively fractured and 
which could be a source for large rockfalls or pyroclastic flows. 
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1.5.3  Dome incandescence and fumarole temperatures 
Incandescence continues to be observed on the dome during exceptionally clear nights from the 
various features described in Cole et al (2011). 

Several changes in the fumaroles occurred as a result of the VT strings on 4-5 February 2013. 
Following the second VT string on 4 February at 13:05 UTC, an increase in brightness 
correlating with fumaroles located on the NE edge of the dome was observed in images from 
the fixed thermal camera. This increased brightness, suggesting an increase in temperature, 
continued through the evening until the third VT string on 5 February at 01:51 UTC when loud 
roaring could be heard from MVO. Long-exposure photographs taken from MVO and Jack Boy 
Hill (Figure 1.5.3) recorded increased incandescence from the gas vent and adjacent fumaroles 
in the 11 February 2010 collapse scar. During this time, the gas vent was the source of 
increased activity with a more sustained and vigorous plume issuing from the vent. It is likely 
that ash was involved: it was not observed directly due to darkness, but fresh ash deposits were 
observed around the vent on 5 February 2013. 

 

 

Figure 1.5.3 10-minute-long exposure photos from MVO and Jack Boy Hill during the venting 
on 5 February 2013. New incandescence was observed inside the scar, as well 
as an increase in the brightness of the incandescence from the Gas vent, which 
was visible with the naked eye. Both photographs are 10-minute long exposures, 
so not all incandescence was visible to the eye. 

Table 1.5.1 lists the temperatures of the main fumarole areas on the dome. All have been 
imaged with either the new FLIR T650sc camera (see Section 4.6) or the old Mikron camera 
during the reporting period. Temperatures measured with the Mikron camera are relative and 
have not been corrected for atmospheric conditions due to limitations of the cameras software. 
However, temperatures for features such as the gas vent inside the 11 February collapse scar, 
which are measured from less than 500 m away, can be considered to be fairly representative. 
Temperatures from the FLIR T650sc camera have been corrected for atmospheric conditions 
and for the distance to the source. 

In general, there have been no significant changes in the temperature of fumaroles on the lava 
dome. Following the VT activity on 4-5 February 2013, it is possible that the gas vent in the 11 
February 2013 collapse scar gave temperatures about 100 °C higher than had previously been 
recorded, lasting for about one week after the activity. This coincided with an elevated gas flux, 
but also with the use of the new FLIR T650sc camera. 
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On 1 March 2013, the fumaroles on the east and northern sides of Galways were also imaged 
with the FLIR T650sc camera for the first time since 2008 yielding temperatures of up to 84 °C. 
These are comparable to the measurements made in 2008. 

On 15 March 2013, a strong fumarole on the summit of the 2006-7 dome gave temperatures of 
250-260 oC. This was the first time this fumarole had been imaged. 

 

TABLE 1.5.1 

Location Temperatures 
(°C) Last imaged Camera 

Gas Vent, 11 Feb 2010 collapse 
scar 480-510 15 March 

2013 
FLIR T650sc, 
Mikron 

Headwall, 11 Feb 2010 collapse 
scar 240-618 8 March 2013 FLIR T650sc 

23 March 2012 crater, 
inside 11 Feb 2010 collapse scar 80-94 8 March 2013 FLIR T650sc 

Tar River 480-520 15 March 
2013 

FLIR T650sc, 
Mikron 

Summit 2006-7 dome 250-260 15 March 
2013 Mikron 

E and N flank of Galway’s Mtn 60-84 1 March 2013 FLIR T650sc 

South flank of dome 250-350 1 March 2013 FLIR T650sc 

 

Table 1.5.1 Fumarole temperatures recorded by MVO’s thermal infrared cameras during 
routine observations. 
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2  Discussion of Activity and Comparison with Past Activity 

2.1  Pause in Dome Growth 
The current pause is now more than 38 months long, easily the longest pause in the eruption so 
far. This six month reporting period has been one of low activity and no visible extrusion. 
Degradation rockfalls and pyroclastic flows have been rare throughout the period. However the 
events of 4-6 February demonstrate that the volcano has not shut down.   

Figure 2.1.1 shows the key monitoring data (seismic counts, GPS and SO2 flux) for the 
Soufrière Hills Volcano from 1995 to 30 April 2013. Figure 2.1.2 shows the same data for the 
period since the end of Phase 5 in February 2010. Although the current pause is the longest by 
far, the data is similar to that during the previous pauses; seismicity is low, volcano is inflating 
and the gas is consistently above background levels. 

 

 

Figure 2.1.1  Seismic, GPS and SO2 monitoring data for the period 1 January 1995 – 30 April 
2013. Extrusive phases and pauses are in shown red and green respectively. 
Top: Number of seismic events detected and identified by the seismic system. 
Middle: GPS data smoothed with 7-day running mean filter. Red:  Radial 
displacement of station MVO1 (GAMIT processing) linearly detrended, Black: 
GPS Height of HARR. Bottom: Measured daily SO2 flux, filtered with 7-day 
running median filter. Green: COSPEC, Blue: DOAS 
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Figure 2.1.2  Seismic, GPS and SO2 monitoring data for the period since the end of Phase 5: 
12 February 2010 – 30 April 2013. Top: Number of seismic events detected and 
identified by the seismic system. Middle: Radial displacement of cGPS station 
MVO1 (GAMIT processing) smoothed with 7-day running mean filter and linearly 
detrended. Bottom: Daily SO2 flux measured by the DOAS network, filtered with 
7-day running median filter.  

The GPS data in Figures 2.1.1 and 2.1.2 appears to show a gradual reduction in the rate of 
inflation over the last six months. This is illustrated in Figure 2.1.3 which compares the radial 
displacement of station MVO1 during the five pauses. Unlike Figures 2.1.1 and 2.1.2, the data in 
this figure is not smoothed and has not been corrected for a linear trend.  

The GPS data in Figure 2.1.3 appears to show that the general rate of inflation is slower during 
the latter part of Pause 5. This is apparently in contradiction with Figure 1.3.4 which shows that 
the radial displacement of MVO1 during the current reporting period (approximately six months) 
is greater than that for the whole of Pause 5. However, close examination of Figure 2.1.2 shows 
that the MVO1 data used to calculate the vector in Figure 1.3.4 has a lot of short-term variation 
during the last year. It is therefore possible that the red vector shown in Figure 1.3.4 is 
influenced by these short-term variations and is not representative of the longer-term trend. 
More data needs to be collected and analysed before the slowing-down hypothesis can be 
properly tested. 
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Figure 2.1.3 Radial displacement of cGPS station MVO1 (GAMIT processing) for the five 
pauses. 
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2.2  Dome Stability 
The lava dome at Soufrière Hills continues to exhibit remarkable stability, despite exhibiting 
heavily fractured regions, particularly on the east flank (see Section 1.5.2). There has been only 
one pyroclastic flow in the current reporting period, on 28 March 2013 in the Tar River Valley, 
and the number of rockfall events has remained low, averaging less than one event per day 
(see Section 1.2.2). The formation and subsequent failure of the large slab on the east flank of 
the dome is likely related to continued cooling and contraction of the dome aided by normal 
weathering and erosion. It is likely that similar features will develop on this side of the dome in 
the future due to its heavily fractured nature, making the Tar River side the most likely source of 
any further pyroclastic flow activity. 

The seismic and ash venting activity from 4-5 February 2013 did not disrupt the overall integrity 
of the dome with no new fumaroles or fractures forming on the dome. The re-excavation of a 
crater around the main gas vent in the floor of the 11 February 2010 collapse scar was the only 
obvious change. 

Rockfall activity is currently at its lowest level since the end of Phase 5 on 11 February 2010 
(see Figure 2.2.1). It has now reached a level similar to that in late February/early March 2012, 
prior to the increase that preceded the VT swarms and ash venting on 22-23 March 2012. The 
continued decline in rockfall and PFs reflects a more stable outer carapace. 

 

  

Figure 2.2.1  Daily and cumulative plot of rockfall counts since 13 February 2010. Pink shaded 
areas are the periods of increase rockfall activity associated with the 22-23 
March VT swarms and ash venting and increased RF activity in August 2012. 
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2.3  Criteria for Continuation of Activity 
At SAC 16, it was agreed that we would move away from the notion of identifying the “end of the 
eruption”. Rather we will now consider three established criteria that indicate the potential for 
future activity, these are:  

• Seismicity – the presence of low frequency seismic swarms and of seismic tremor 
• Gas – daily SO2 rates above 50 tonnes per day 
• Ground deformation –significant ground deformation 

As discussed below, the second two of these three criteria are currently being met. Therefore, 
there is abundant evidence that the volcano is still active and linked to the deep plumbing 
system. 

2.3.1  Seismicity 
The presence of swarms of low-frequency seismicity or the presence of seismic tremor indicate 
the potential for future volcanic activity. 

Low-frequency seismicity has been very low, and has not occurred in swarms or in tremor 
during this reporting period.   

2.3.2  Gas 
Daily SO2 rates above 50 tonnes per day indicate the potential for future volcanic activity. 

SO2 levels average around 460 tonnes per day for this reporting period with spikes in the flux, 
sometimes above 2,000 tonnes/day.  

2.3.2 Ground deformation 
Significant ground deformation indicates the potential for future volcanic activity. 

The cGPS network continues to show significant slow inflation, similar to that during previous 
pauses.  
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2.4  Phases and Pauses 
Table 2.4.1 lists the phases and pauses of the eruption of the the Soufrière Hills Volcano, up to 
30 April 2013, and follows the traditional definition of a Phase as a period when lava is being 
extruded at the surface. This definition has led to the idea of a change in pattern at th eend of 
Phase 3, from long-duration phases to much shorter ones. 

 

TABLE 2.4.1 

Phase # Start End Duration 
(days) 

Duration 
(months) 

Seismic 0 01-Jan-92 17-Jul-95 1294 42.5 

Phreatic  18-Jul-95 14-Nov-95 120 3.9 

Extrusion 1 15-Nov-95 10-Mar-98 847 27.8 

Pause 1 11-Mar-98 26-Nov-99 626 20.6 

Extrusion 2 27-Nov-99 01-Aug-03 1344 44.2 

Pause 2 02-Aug-03 14-Apr-05 622 20.4 

Transition  15-Apr-05 31-Jul-05 108 3.5 

Extrusion 3 01-Aug-05 20-Apr-07 628 20.6 

Pause 3 21-Apr-07 04-May-08 380 12.5 

Transition  05-May-08 07-Aug-08 95 3.1 

Extrusion 4a 08-Aug-08 08-Oct-08 62 2.0 

Pause 4a 09-Oct-08 01-Dec-08 54 1.8 

Extrusion 4b 02-Dec-08 03-Jan-09 33 1.1 

Pause 4b 04-Jan-09 04-Oct-09 274 9.0 

Transition  05-Oct-09 07-Oct-09 3 0.1 

Extrusion 5 08-Oct-09 11-Feb-10 127 4.2 

Pause 5 12-Feb-10 30-Apr-13 1174 38.6 

Table 2.4.1 Phases and pauses of the eruption of the SHV, up to 30 April 2013. 

There may be other ways to look at the eruptive history of the SHV. Four of the five Phases 
have been preceded by activity; seismic, phreatic and/or “transitional”. The last is a label used 
for episodic ash-venting activity that may or may not be phreatic in nature. Two of the Phases 
have included minor pauses, here defined purely for convenience as pauses that are shorter 
than two months. It is instructive to assume that a Phase of activity includes not just extrusion 
but aso the preceding activity which reflects sub-surface activity prior to lava extrusion. 
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TABLE 2.4.2 
Part Phase Sub-phase Start End Duration 
   days mths 
One 01-Jan-92 26-Nov-99 2887 94.9 
 Phase 1 01-Jan-92 10-Mar-98 2261 74.3 
 Phase 1 seismic 01-Jan-92 17-Jul-95 1294 42.5 
 Phase 1 phreatic 18-Jul-95 14-Nov-95 120 3.9 
 Phase 1 extrusion 15-Nov-95 10-Mar-98 847 27.8 
 Pause 1 11-Mar-98 26-Nov-99 626 20.6 
Two 27-Nov-99 14-Apr-05 1966 64.6 
 Phase 2 27-Nov-99 01-Aug-03 1344 44.2 
 Phase 2 extrusion 27-Nov-99 01-Aug-03 1344 44.2 
 Ph. 2a extrusion 27-Nov-99 02-Mar-01 462 15.2 
 Ph. 2a pause 03-Mar-01 10-May-01 69 2.3 
 Ph. 2b extrusion 11-May-01 31-May-02 386 12.7 
 Ph. 2b pause 01-Jun-02 20-Jul-02 50 1.6 
 Ph. 2c extrusion 21-Jul-02 01-Aug-03 377 12.4 
 Pause 2 02-Aug-03 14-Apr-05 622 20.4 
Three 15-Apr-05 04-May-08 1116 36.7 
 Phase 3 15-Apr-05 20-Apr-07 736 24.2 
 Phase 3 transition 15-Apr-05 31-Jul-05 108 3.5 
 Phase 3 extrusion 01-Aug-05 20-Apr-07 628 20.6 
 Pause 3 21-Apr-07 04-May-08 380 12.5 
Four 05-May-08 04-Oct-09 518 17.0 
 Phase 4 05-May-08 03-Jan-09 244 8.0 
 Phase 4 transition 05-May-08 07-Aug-08 95 3.1 
 Phase 4 extrusion 08-Aug-08 03-Jan-09 149 4.9 
 Ph. 4a extrusion 08-Aug-08 08-Oct-08 62 2.0 
 Ph. 4a pause 09-Oct-08 01-Dec-08 54 1.8 
 Ph. 4b extrusion 02-Dec-08 03-Jan-09 33 1.1 
 Pause 4 04-Jan-09 04-Oct-09 274 9.0 
Five 05-Oct-09 13-Mar-13 1256 41.3 
 Phase 5 05-Oct-09 11-Feb-10 130 4.3 
 Phase 5 transition 05-Oct-09 07-Oct-09 3 0.1 
 Phase 5 extrusion 08-Oct-09 11-Feb-10 127 4.2 
 Pause 5 12-Feb-10 30-Apr-13 1174 38.6 
 

Table 2.4.2 Parts, Phases and Sub-Phases of the eruption of the SHV 
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Table 2.4.2 is an attempt to classify the phases and pauses in this way. It is a modification of 
Table 2.4.1, with the following changes: 

• The concept of a “Part” has been added, which is a Phase plus the subsequent Pause. 
• Seismic, phreatic and transition phases are now considered to be part of a Phase. 
• Phase 2 includes two previously-recognised minor pauses. 
• Minor pauses, in Phase 2 and Phase 4, are considered to be part of a Phase. 

Figure 2.4.1 plots the durations of the five Phases and the five Pauses as defined by Table 
2.4.2. It shows that the duration of the phases has declined throughout the eruption, almost 
asymptotically. It also shows that the duration of the pauses has been slowly decreasing, except 
for the current pause which is twice as large as any previous pause. Figure 2.4.1 could 
therefore be interpreted as showing that the current pause is markedly different from the four 
previous pauses. 

 

Figure 2.4.1 Duration of phases and pauses as defined in Table 2.4.2. 
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3  Hazards and Risks 

3.1 Risk Assessment 
The remaining lava dome is still of considerable size. This was estimated at 190 Mm3 at the 
start of the current pause in February 2010. Since the, at most a few percent of the dome has 
been removed by rockfalls and pyroclastic flows. As so little material has been shed in the past 
six months, the stability of the dome and the quantity of material available is near identical to 
that in SAC 17. We consider that little has changed in regards to the Hazard and Risk 
associated posed by SHV since SAC 17. 

3.2 Hazard Level System 
There has been one small change to the Hazard Level System, although this has not yet been 
published. The boundary of Zone V at Trants passed through the middle of a working farm. The 
boundary has been moved beyond the farm and a new gate has been installed below the farm 
entrance. The existing gate further up the hill has been retained as it is a useful deterrent to 
casual access. 

Access restrictions for Zone C will be changed at the end of June 2013. Access will be allowed 
seven days a week instead of six as at present. There will also be no police presence at the 
gate to Zone C, and visitors will be required to register at Salem Police station. The new 
arrangements are not in response to any change in the level of risk in Zone C, although they will 
probably be perceived as such. 

3.3 Access to Zone V 
MVO continues to work closely with DMCA and other authorities to allow access to Zone V for 
essential workers, mainly sand mining companies using Plymouth Jetty to load barges. 
Procedures for approval and operations have been tightened up to the satisfaction of all parties. 

3.4 Geothermal Drilling Project 
The Geothermal Drilling project located in Zone C between St Georges Hill and Garibaldi Hill 
started in January 2013. MVO has been working closely with the contractors and with 
government agencies to reduce the risks. Drilling continues around the clock and procedures 
are in place to ensure a rapid evacuation of the drilling site if it becomes necessary. 

Special procedures were put in place for the delivery of the drilling rig at Plymouth Jetty. MVO 
had to move to 24-hour operations for a few days because of the need to keep the ship moored 
at the jetty overnight.  
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4  MVO Monitoring Networks 

4.1  Seismic Monitoring 
The MVO seismic network has performed adequately during this reporting period. However, 
monitoring capacity and data quality at some stations in the network has been compromised by 
a lack of functioning spare seismometers. 

There were no major changes to the seismic acquisition and processing systems during the 
reporting period. A failure of the main seismic processing server in mid-December 2012 
required migration of all the software to the off-site backup server. This main server was 
eventually restored after several days with no loss of data. 

4.1.1  Instrument changes at stations 
Table 4.1.1 lists the changes to instruments that have taken place at individual seismic stations 
during the period covered by this report, as well as specific issues that have been resolved. 

 

TABLE 4.1.1 

Station Date Details of changes 

MBFL 
Flemmings 

22-Feb-2013 Digitiser DD12 replaced by DD07 (since DD12 was 
taken to MBFR) 

MBFR 
Fergus Ridge 

08-Jan-2013 
22-Feb-2013 

New Lantronix Serial-LAN converter installed 
Suspected faulty digitiser DD42 was replaced by 
DD12, to fix regular overnight dropouts. 

MBHA 
Harris 

30-Apr-2013 Long standing mass problem with instrument T4338 as 
well as telemetry issues. Station taken offline and 
instrument and digitiser (A806) returned to MVO for 
testing. 

Table 4.1.1 Instrument changes at seismic stations 

4.1.2  Ongoing problems and known issues 

4.1.2.1   Seismometer mass problems 
Instrument T4344 installed at MBLY has continued to suffer from mass problems, with 
persistent long-period noise on the N-S horizontal component. 

Long-period noise has also affected seismometer T4338 at MBHA with the problems with the 
vertical component since its installation continuing. The instrument was returned to MVO for 
testing on 30 April 2013. 



MVO OFR 13-06: Six Monthly Scientific Report, 13/10/2012 to 30/04/2013   51 

There have also been mass problems with the seismometer installed at MBWW. This 
instrument appears to have problems with unlocking of the N-S horizontal component after 
power resets. 

4.1.2.2   Telemetry issues 
Several stations have been affected by telemetry and communications problems during this 
reporting period, including MBLG, MBHA and MBWW. 

Stations on the Eastern side of the island in particular (MBHA, MBLG, MBRY) have suffered 
most, often with regular daily data gaps. Even small data gaps can have a knock-on effect in 
terms of event triggering especially for the more proximal stations (e.g. MBLG). Whether these 
problems are due to interference during telemetry or in the network path via Silver Hills is still 
unresolved, but is something that needs to be addressed longer term, particularly with further 
station installations planned in the seismic upgrade. 

4.1.3  Future developments 

4.1.3.1   Short term goals 
The main issue affecting the performance of the network is still a lack of functioning spare 
seismometers to replace those with mass problems. Several instruments are awaiting return to 
Guralp for repair, and should be returned to MVO shortly. These should help, in the short-term, 
to resolve the problems at some stations and reduce some of the pressure on resources. This 
type of issue will be solved by the planned seismic network upgrade which will provide much 
greater spare capacity. 

4.1.3.2   Longer term plans 
In their proposal to manage MVO in 2008, SRC and IPGP suggested that the seismic 
monitoring system should be reviewed before the end of the first five-year contract (April 2013). 
The recommendations from this review formed part of the proposal submitted for the renewal of 
the current MVO management contract. This report has been completed, and will soon be 
finalised and implemented. The proposals include: 

• Standardising equipment and installation 
• Replacing older equipment 
• Upgrading vertical short-period stations to broadband 
• Two new broadband stations at South Soufrière (collocated with cGPS), and Jack Boy 

Hill (re-occupying existing site) 
• Two or three new near-dome stations to help with depth constraints and detection of 

smaller magnitude events. Candidate sites are Hermitage, Galways and Gages 
Mountain. 

• Integration of two SRC-funded stations (at sites in Silver Hills and Redonda) and 
potentially one more Leeds University station (borehole sensor in Olveston) 

• Minor revisions and upgrades to software and some computer hardware. 
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4.2  Ground Deformation Monitoring 

4.2.1  cGPS 
There have been no major changes to the cGPS network since late May 2012. 

Overall, the network has required little maintenance. Telemetered access to MVO cGPS 
stations has been good throughout most of the reporting period. Data from four cGPS stations 
operated by the CALIPSO project are available publicly and are still used by MVO in routine 
processing. Numerous regional reference stations are also used for stabilisation of the GPS 
processing results.  

4.2.2  eGPS 
A network of eleven benchmark surveying pins are still occupied episodically (for about a week 
approximately every 2 months) to extend MVO’s deformation surveying coverage.   

4.2.3  GPS archiving and processing 
Processing of raw GPS data is carried out using the GAMIT/GLOBK software suite. Automated 
MATLAB scripts read GAMIT/GLOBK output, apply correction and quality control algorithms and 
rotate each station’s time series data into a radial, tangential and vertical local coordinate frame. 
A series of plots, such as those included in this report, are then automatically generated each 
day from the up-to-date GPS data. This output is synchronised with WEBOBS. 

4.2.4  EDM  
There have been no changes to the EDM network during the reporting period. Routine EDM 
surveying is ongoing and incorporates a number of single baselines (see Figure 1.3.7).  

4.2.5  Tilt 
MVO still has two platform tiltmeters awaiting installation when digitisers become available. The 
priority of this work remains low due to the considerable risk that the instruments are not 
sufficiently sensitive to measure volcanic signals at where they would be deployed without the 
expense of large-scale site construction. Borehole tiltmeter instruments would be more 
appropriate for installation on Montserrat and the potential for such a project continues to be 
explored. The largest obstacle to overcome is acquiring appropriate drilling equipment to make 
a deep enough borehole. 

4.2.6  Strain 
Strain data from the CALIPSO stations is routinely transferred to MVO. The Apple processing 
computer failed recently and has been replaced. MVO is currently looking at simplifying the 
data-transfer process as, on at least one occasion, we have been unable to retrieve strain data 
for a period of interest. MVO has not been looking at the strain data routinely, which means that 
faults can go un-noticed for a long time. MVO will implement the regular automated generation 
of standard plots of strain data, which will then be used to monitor data availability and data 
quality. 

The lease on the station at Gerald’s Airport has been extended for one year until September 
2014 and until September 2018 if further funding is obtained by CALIPSO. 
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4.3  Gas Monitoring  
Only one DOAS spectrometer has been working since late February 2013, that at Broderick’s. 
The spectrometer at Lover’s Lane is still in working condition but some mechanical issues with 
the spinning head need to be addressed before it is returned to service.  

Work on the replacement USB2000+ spectrometers is ongoing and there are still problems in 
getting the instruments to scan for longer than a few days. At present, Brian Jones is visiting 
MVO to address these, and other, issues with the spectrometers.  

4.4  Dome Volume 
There have been no changes to MVO’s capabilities for measuring dome volume. The AVTIS3 
radar and stereo photogrammetry remain the methods used for data acquisition. 

The AVTIS3 instrument, which had been out of commission since late September 2012 due to a 
problem with the computer and the gimbal (Cole et al, 2011), has been repaired and has been 
redeployed at Windy Hill. However, it is still experiencing minor issues with the gimbal. 

4.5  Remote Cameras 
Currently, MVO has two remote time-lapse cameras deployed at Harris Lookout and at 
Garibaldi Hill. Both cameras have experienced short-term outages due to various power and 
firmware issues that were resolved quickly. 

MVO also operates two IP cameras in time-lapse mode. One of these is at MVO and the other 
is deployed remotely in the Belham Valley where it has been used for a lahar-monitoring project. 
These cameras may be redeployed, although no decision has yet been made. 

MVO is presently installing a continuous video-recording system. The remote cameras do not 
capture all events, and it is our experience that the beginning of some events can be missed if 
we rely on handheld cameras. The new system uses a high-resolution camera that records 11 
megapixel images at 5 frames per second to a computer hard disk in a continuous loop. The 
system has 16 TB of data space, which equates to about four days’ coverage. Periods of 
interest can be extracted from the loop and saved for further analysis. The system is currently 
being configured and tested and, after some modifications, will be deployed at MVO in the next 
month or so. 

4.6  Thermal Cameras 
The FLIR (Forward Looking Infrared) thermal camera mounted on the roof at MVO has 
continued to be an important part of monitoring activities. The data-acquisition computer 
suffered a complete failure and has been temporarily replaced with the identical computer from 
the non-functioning infrasonic network (see Section 4.8).  

MVO has acquired a new state-of-the-art handheld FLIR T650sc thermal infrared camera that 
significantly improves our thermal monitoring capabilities. The new camera replaces the 11-
year-old Mikron camera that was given to MVO by Penn State University. The new FLIR camera 
is a significant improvement with a digital sensor that has four times the resolution of the old 
Mikron. This means that the new camera is capable of providing much clearer and more 
detailed images of thermal features on the lava dome - as shown by the images in Figure 4.6.1. 
The new camera is equipped with GPS and Wi-Fi and is capable of acquiring visual 
photographs simultaneously with the thermal images, as well as thermal and visual videos. 
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Figure 4.6.1 Example thermal images from the old camera (left) and the new camera from 
FLIR (right), showing the difference in resolution that allows for greater detail in 
images from the new camera. 

Computer software provided with the FLIR camera for processing the thermal images can 
extract accurate estimates of temperature that will allow MVO staff to accurately track the 
temperatures of fumaroles and other thermal features on the dome and to identify any changes 
in the volcano. 

The new FLIR camera developed two serious faults shortly after it arrived and was for repair. 
The camera was returned to MVO in early April and both faults appear to have been fixed. The 
old Mikron handheld camera will be retained and used as a back-in the event of any future 
problems. 

4.7  Remote Sensing Data 
Acquisition of TerraSAR-X radar imagery has continued at a much-reduced rate over the last six 
to nine months due to the decrease in rockfall activity in that time. MVO has an outstanding 
quota of 72 TSX scenes from the 2011-2013 project. We are discussing possibilities for an 
extension with DLR which will allow for continued acquisition of future as well as archived 
scenes. 

4.8  Infrasonic Monitoring 
There have been no changes to the MVO infrasonic network during the reporting period. 

The infrasound array around MVO operated by the University of Florence has been inoperative 
since it was damaged by a lightning strike on 17 September 2011. MVO are in discussion with 
the University of Florence about a visit to repair the array, tentatively scheduled for October or 
November 2013.  

MVO still operates and maintains its own network of four infrasound sensors at the following 
seismic stations: MBFL (Flemmings), MBGB (Garibaldi Hill), MBGH (St. George’s Hill) and 
MBLG (Long Ground). 
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4.9  WEBOBS 
WEBOBS is vital to the work of MVO. There are still some improvements and development that 
can be made, but we need to avoid tinkering. The future development of WEBOBS will need to 
be discussed between MVO and IPGP, as the MVO version has strayed somewhat from the 
original. 

WEBOBS will be moved to a virtual server during 2013 in order to increase its resilience to 
failure. 
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5.  MVO Operations  

5.1  Staffing 
Dr Paul Cole, Director, left MVO in December 2012. Mr Roderick Stewart has been appointed 
as Director. 

Ms Sonja Melander, Education and Outreach Co-ordinator, left MVO at the beginning of May 
2013. Ms Natalie Edgecombe has been appointed to the position and will start work in late May 
2013. 

Mr Richard Roberts has been appointed as Software Engineer at MVO. 

Ms Karen Pascal has been selected to fill the vacant GPS scientific position. She has already 
started work on a temporary basis and will be appointed in due course. 

5.2  Education and Outreach  
Recent education and outreach efforts by MVO have been very well received. The MVO web 
page and facebook account are updated regularly. The facebook page is sometimes used for 
more informal communications which seem to be appreciated by an internet audience, such as 
the “Flashback – Faces of MVO” collection of photographs from the early days of MVO.  

MVO’s monthly radio programme “Volcano Vibes” continues to be aired regularly and the 
programmes are posted as podcasts on MVO’s website and in iTunes. It is proving difficult to 
find fresh content for the programme, and a revamp is being considered. 

Montserrat Science Week was held in February 2013. The event was similar to last year’s, 
organized in collaboration with other groups on island and included a wide range of science-
based activities. MVO was involved in many of these, including a great children’s fun day at the 
Cultural Centre which included toad-swabbing and lion-fish tasting. MVO held an open day for 
both the general public and invited school parties. This included a tour of the Operations Room 
with interactive seismic activities, hands-on demonstrations of deformation monitoring, gas 
monitoring, and safety equipment, and viewing of volcanic rocks and artefacts. The MVO 
Director gave a public presentation on Tsunami preparedness that was well received. The 
winners of the Children’s Scavenger Hunt received a helicopter ride to view the volcano and 
Trants. 

In conjunction with all the schools on Montserrat, MVO organised a Poetry Competition themed 
“My Volcanic Isle”. 120 students took part and the winners were presented at the Alliouagana 
Festival of the Word. 

MVO organised a Volunteer Scientist Programme with Montserrat Community College and Mr 
Jonathan Stone, University of East Anglia. Nine students worked with MVO staff during five half-
day field trips. The students were taught a variety of field techniques including kite-based aerial 
photography and GPS mapping. They then worked in groups to collect and analyse data. Each 
student had to give a short presentation of their work to teachers and MVO staff. The 
programme was such a success that we hope to do something similar every year. 

Roderick Stewart gave a volcano safety briefing to the crew of RFA Wave Knight when it visited 
Montserrat. It was very well attended and it was agreed that such briefings should be given to 
the crews of all visiting RFA and RN ships which might have to respond to an emergency on 
Montserrat. 
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5.3  Helicopter 
The contract between MVO and Caribbean Helicopters has been renewed for another year until 
31 March 2014. This continues to be an excellent working relationship, although a fuel source 
on Montserrat is still to be established. The current contract allows for a minimum of 2 hours 
operations on Montserrat each week throughout the year.  

5.4  Volunteers / PhD students / Visitors 
The volunteer program remains popular with two different volunteers at MVO during this 
reporting period.  

Fiona Burns worked on accrectionary lapilli formation associated with the 11 February 2010 
dome collapse event. 

Nico Sparice looked at the late stage pyroclastic density currents associated with the 11 
February 2010 dome collapse event. 

Melanie Fruede visited MVO and is now coming to the end of her project monitoring lahars 
using a remote camera in the Belham Valley. The camera is to be handed over to MVO for their 
use in future. 

Dr Bettina Scheu and several colleagues from LMU Munich visited MVO in March 2013 to 
collect field samples for their research. 

5.5  Internships 
Following a call for proposals, MVO has asked the Governor’s Office to fund two internships at 
MVO for a period of one year. These will be used to provide work experience to young people, 
under 23 years of age and resident on Montserrat, who are interested in working at MVO and 
developing their skills; which could be in science, electronics, computing, or even in office work. 
The interns will work mainly on the MVO archive (see Section 5.8), but there will be ample 
opportunity to do other work with MVO, depending on their specific interests. 

5.6  Collaboration 
Dr Adam Stinton is currently on Study Leave (until June 2013) at the National Oceanographic 
Centre, Southampton in the UK, collaborating with Dr Martin Palmer on the tephrochronology of 
IODP Expedition 340 site U1396 (located SW of Montserrat). This work will complement recent 
and planned fieldwork on the subaerial deposits of the Centre Hills and Silver Hill centres by Dr 
M. Cassidy and Prof. M. Palmer, NOCS, during 2014 that will also involve a new Ph.D. student 
on a CASE studentship.  

MVO was involved in the planning and execution of “Exercise Greenflash” in February 2013. 
This was a two-day exercise involving local, regional and international agencies that tested 
Montserrat’s response to a major hurricane.  

5.7  External Research Projects with significant MVO involvement 
Mr Roderick Stewart has been working closely with the STREVA project, especially where that 
project overlaps with MVO’s own archiving project (see Section 5.8). 

MVO continues to be active in the VUELCO project. 

Dr Patrick Smith attended the third workshop of the Latin American Association of Volcano 
Seismology, organised by USGS/VDAP and hosted by OVSM, Manizales, Colombia. 
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5.8  MVO Archive 
MVO has started a long-term project to rationalise the archive of MVO data and reports. Some 
of this is being done in conjunction with the STREVA project. In addition, the BGS have offered 
support for archiving anything where they hold the intellectual property rights. There are 
currently three separate sub-projects under way. 

The daily, weekly and other activity reports issued by MVO and it’s predecessors on a routine 
basis are being collected, corrected where necessary, and will be published as Open File 
Reports. A lot of the reports have already been published in this way, but our aim is to compile a 
complete error-free set of reports. 

MVO, in conjunction with STREVA, is collecting information to create a reference timeline for 
the eruption and everything connected with it. The need for this became clear when discussing 
some of the work being carried out by the STREVA project. There are many errors of fact in the 
published literature and the timeline seems to be the best means to stop these propagating. 

MVO will digitise the archive of paper seismic helicorder plots held at MVO and has purchased 
a wide feed scanner for the task. Repeated access to these records means that they are 
becoming worn and damaged. The data will be stored as image files, as it is not currently 
possible to generate reliable digital waveforms from the images. MVO have no idea of the time 
this project will take to complete, so will initially concentrate on the early data which does not 
exist in any other format. 
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