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Executive Summary  

This report summarises the volcanic activity at the Soufrière Hills Volcano, Montserrat for the period from 1 

October 2021 to 31 March 2022 inclusive (reporting period), including all monitoring and visual observations. 

Seismic activity during the reporting period has remained low. Volcano-tectonic (VT) earthquakes made up the 

vast majority of the total seismicity and 29 VT strings occurred during this reporting period. Rockfall activity 

continued at the slightly-heightened rate seen since mid-August 2021. Low-frequency seismicity has been very 

low, with no hybrid and only one long-period earthquake. This pattern remains fairly typical of a pause in lava 

extrusion at SHV. 

Ground deformation measured with continuous and campaign GPS shows a continuation of the slow inflation of 

the island, centred on the Soufriere Hills volcano, that has been observed since the beginning of Pause 5 in 

February 2010. A comparison of the GPS horizontal velocities corresponding to Pause 5 and the period April 2020 

ς March 2022 indicates there has been no significant change in the deformation pattern during the last two years 

and that the island is still slowly inflating.  

MVO continues to measure the flux of SO2 via helicopter and boat traversers under the plume. These traverses 

have yielded fluxes in the range of 163-802 t/d . The daily mean for the reporting period is 386 t/d, a decrease of 

18 t/d  compared to the six-monthly average for the previous reporting period (April to September 2021). Work 

is still ongoing to test the replacement flux monitoring equipment following the loss of instruments in a bush fire 

in July 2020. 

Persistent cloud cover prevented frequent observations of the lava dome. However, rockfall activity has 

continued at very low levels. Based on observations made during helicopter observation flights, rockfall activity 

was observed in the usual places on the lava dome and inside the 2010 collapse scar, with additional rockfall 

aŎǘƛǾƛǘȅ ƻŎŎǳǊǊƛƴƎ ƻƴ ǘƘŜ ǎƻǳǘƘŜǊƴ ǎƛŘŜ ƻŦ /ƘŀƴŎŜΩǎ tŜŀƪΣ ƻƴ ǘƘŜ ǿŜǎǘŜǊƴ ǎƭƻǇŜ ƻŦ DŀƭǿŀȅΩǎ Ƴƻǳƴǘŀƛƴ ŀƴŘ ŀ ƴŜǿ 

area in Irish Ghaut, approximately 3.5 km NE of the lava dome. The remote camera network is currently operating 

at 50 % capacity due to continued delays with the installation of telemetry links on the eastern side of the island, 

while work is progressing on the refurbishment of the AVTIS monument, power and telemetry infrastructure at 

Windy Hill. The handheld FLIR thermal camera was returned to MVO in late February following servicing and 

repair. 

The pause in lava extrusion that started on 11 February 2010 continues and is more than 145 months long as of 

31 March 2022. Whilst activity at the volcano remains low, the patterns that were identified in the previous 

report (Stinton et al., 2021, MVO OFR 21-02) appear to continue. These include a, small but significant, increase 

in the rate of volcano tectonic earthquakes which began in 2018 and an increase in the measured flux of SO2 

being emitted by the volcano which started in 2020. These observations indicate that the vigour of the magmatic 

system does not appear to be waning and it retains the potential for future extrusive activity. 
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1 Volcanic Activity for the Period  1 October 2021 to 31 March 2022  

1.1 Summary  

Figure 1 below summarises the daily seismicity, GPS and SO2 flux for the period 1 October 2020 to 31 March 

2021. 

 

Figure 1: Seismic, GPS and SO2 monitoring data for the period 1 October 2021 to 31 March 2022. Top: Number of volcanic earthquakes 
detected and recorded by the seismic network. Middle: Displacement of cGPS station NWBL radially away from the SHV vent 
(GAMIT processing). Bottom: Measured daily SO2 flux derived from traverses beneath the plume. 

Activity has remained low during the reporting period, with seismicity dominated by volcano-tectonic (VT) 

earthquakes and occasional rockfalls (RF). 

The trend of occasional bursts of VT seismicity in the form of brief swarms of VTs (so-called VT strings) has 

continued during this reporting period. A total of 29 VT strings, of varying length and intensity, occurred during 

the reporting period, bringing the total number since November 2007 to 171 (see Section 1.2.3). None of the 

strings were associated with any observable changes in SO2 flux, fumarole activity or the occurrence of ash 

venting. 

Ground deformation continues to show a long-term inflation trend that has been present since the beginning of 

Pause 5 in February 2010. 
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At present, SO2 fluxes derived from measurements collected via helicopter and boat traverses under the plume 

have varied between 163 and 802 t/d with a mean of 386 t/d  during the reporting period. This is above the long-

term average flux of 264 t/d observed since traverses were established. 

 

1.2 Seismicity  

1.2.1 Summary 

The level of seismic activity recorded at SHV during this reporting period has remained very low, although there 

has been a slight increase since mid-August 2021. Figure 2 displays the daily counts of the different volcanic 

earthquake types for the period 1 October 2021 to 31 March 2022 inclusive. Volcano-tectonic (VT) earthquakes 

made up the vast majority of the total seismicity and 29 VT strings occurred during this reporting period. Rockfall 

activity continued at the slightly-heightened rate seen since mid-August 2021. Low-frequency seismicity has been 

very low, with no hybrid and only one long-period earthquake. This pattern remains fairly typical of a pause in 

lava extrusion at SHV. 

 

Figure 2: Daily counts of the different earthquake types recorded by the MVO network between 1 October 2021 and 31 March 2022. The 
total count of all event types is shown at the top, followed by individual counts for VTs, Hybrids, LP events, LP/Rockfalls and 
Rockfalls. 
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1.2.2 Current levels of se ismicity  

Table 1 lists the total number of events and mean daily event rates for each earthquake type during (a) the whole 

of Pause 5 (from 11 Feb 2010 to 31 Mar 2022) and (b) the period covered by this report (1 October 2021 to 31 

March 2022). Figure 3 shows the daily counts of the different volcanic earthquake types for the whole of Pause 

5, up to 31 March 2022. 

Table 1: Total number of events and mean daily event rates for each earthquake type during (a) all of Pause 5 (since 11 Feb 2010) and (b) 
the period covered by this report (1 Oct 2021 to 31 Mar 2022). 

Event Type (a) Pause 5 (since 11-Feb-2010) (b) 01-Oct-2021 ς 31-Mar-2022 

 Total Events/Day Total Events/Day 

LP/Rockfall 134 0.03 0 0 

Hybrid 150 0.03 0 0 

LP 105 0.02 1 0.01 

Rockfall 1800 0.41 13 0.07 

VT 3114 0.70 193 1.07 

     

Total 5303 1.20 209 1.15 

 

 

Figure 3: Daily counts of the different earthquake types recorded by the MVO since the end of Phase 5, i.e. from 12 February 2010 until 31 
March 2022. Tick marks are at 6-month intervals. The total count of all event types is shown at the top, followed by individual 
counts for VT events, Rockfalls, Hybrids, LP events and LP/Rockfalls. 



MVO OFR 22-02: MVO Six Monthly Report   4 

Rockfall activity has been very low, in keeping with the declining trend over the last few years as the dome has 

stabilised. There has been a small increase in the rockfall activity since mid-August 2021. The last 12 months have 

seen a few low-frequency earthquakes, the first since March 2014.As in previous reporting periods, the VT 

activity contained individual events and brief strings of events, with a total of 29 VT strings (see Section 1.2.3). 

The mean daily rate of VTs for the last six months is 1.07, higher than the average across the whole of the current 

pause of 0.69 (Table 1). VT activity has been slowly increasing since early 2018, although it is still at a level 

consistent with a pause in extrusion. 

Figure 4 shows the daily counts of all VTs, string and non-string, from 1 October 2021 to 31 March 2022. There 

is no significant difference in the occurrence of the two groupings. 

 

Figure 4: Daily counts of VT earthquakes recorded by the MVO network between 1 October 2021 and 31 March 2022. The counts of VTs 
that occur in VT strings and of VTs that ŘƻƴΩǘ ŀǊŜ ǎƘƻǿƴ ƛƴ ǘƘŜ ƭƻǿŜǊ ǘǿƻ ǇƭƻǘǎΦ 
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Figure 5 shows the hypocentres of all VT earthquakes located by the MVO network during the reporting period. 

The hypocentres appear to show a distinct NNE-SSW trend. These apparent patterns are probably caused by 

critical variations in the seismic network throughout the reporting period (see section 4.1), and so all VT 

earthquakes in this reporting period will probably have occurred in a comparatively small seismogenic volume 

beneath the dome and 2010 collapse scar at depths between 0.5 and 4 km, consistent with all recent VT 

seismicity at SHV. 

Comparing the current event rates in Table 1 with the rates calculated for previous pauses in Table 2 the total 

mean daily event rate for this whole pause period remains broadly comparable with the rates seen during 

previous pauses.  However, it should be borne in mind that the other pauses were much shorter. Therefore, the 

event rates during these shorter pauses are influenced by the higher rates that occurred during the early parts 

of the pauses. 

Table 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 as: Pause 1: 10 March 1998 to 27 November 1999; Pause 2: 1 August 2003 to 15 April 2005; Pause 
3: 4 April 2007 to 29 July 2008; Pause 4a: 14 October 2008 to 10 December 2008; and Pause 4b: 4 January 2009 to 4 October 2009. 

Event 
Type 

Pause 1 Pause 2 Pause 3 Pause 4a Pause 4b 

Total Events 
/Day 

Total Events 
/Day 

Total Events 
/Day 

Total Events 
/Day 

Total Events 
/Day 

LPRFs 44 0.07 2 0.00 34 0.07 31 0.54 12 0.04 

Hybrid 627 1.00 1696 2.72 393 0.82 78 1.37 2 0.01 

LP 273 0.44 145 0.23 1458 3.02 74 1.30 12 0.04 

RF 6336 10.11 257 0.41 454 0.94 153 2.68 174 0.64 

VT 3689 5.88 256 0.41 432 0.89 84 1.47 172 0.63 

Total 10969 17.49 2359 3.78 2797 5.80 420 7.36 372 1.36 

 

Figure 6 shows the daily count of rockfalls since the end of Phase 5, i.e. from 12 February 2010 until 31 March 

2022. The red line represents a 61-day moving average of the daily event counts. The plot shows an overall 

declining trend, with possibly some small seasonal variation, with a noticeable increase during late 2021. 
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Figure 5: Hypocentres of located VT earthquakes recorded by the MVO seismic network during the reporting period: i.e. between 1 October 
2021 and 31 March 2022. The size of each circle is a function of the earthquake magnitude and the lower panel displays the 
depths as a function of time. 



MVO OFR 22-02: MVO Six Monthly Report   7 

 

Figure 6: Daily counts of rockfall events since the end of Phase 5, i.e. from 12 February 2010 until 31 March 2021. The red line represents 
a 61-day moving average of the daily event counts. The plot shows an overall declining trend, with possibly some small seasonal 
variation, with a noticeable increase at the end. 

 

1.2.3. VT Strings 

As discussed in previous reports, VT strings, defined as short intense swarms of VT earthquakes (sometimes 

ǊŜŦŜǊǊŜŘ ǘƻ ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀǎ ΨǎǇŀǎƳƻŘƛŎ ōǳǊǎǘǎΩύΣ ƘŀǾŜ ōŜŎƻƳŜ ŀ ǊŜƭŀǘƛǾŜƭȅ ŎƻƳƳƻƴ ǇƘŜƴƻƳŜƴƻƴ 

at SHV since they were first identified in 2007. Table 3 lists the details of 29 more such strings that occurred 

ŘǳǊƛƴƎ ǘƘƛǎ ǊŜǇƻǊǘƛƴƎ ǇŜǊƛƻŘΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ά5ŀǘŀōŀǎŜ ±¢ǎέ ŎƻƭǳƳƴ ƛƴ Table 3 only 

contains earthquakes that would be large enough to trigger the automatic event detection algorithm (the actual 

number of triggering earthquakes may be smaller if the event rate is high). In almost all cases some additional, 

lower amplitude events were identified from detailed inspection of the continuous waveform data (particularly 

on the more proximal stations MBLY and the MSS1 Spider). These are listed in a separate column, which shows 

a manual count of the total number of earthquakes.  
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None of these strings were associated with any surface activity, a correlation that had been proposed in previous 

reports, but that is now not supported by the data. 

Table 3 includes some parameters measured for the strings; the total Seismic Moment of all the VTs in the string 

and the Seismic Moment Rate. The Seismic Moment, measured in newton-metres, is a better measure of source 

size than Energy, which had been used in some previous reports. All the strings recorded since 2007 are being 

re-evaluated in order to estimate Seismic Moment. 

Table 3: VT Strings observed at SHV between 1 October 2021 and 31 March 2022. The table lists the date and onset time of the first 
earthquake of the string, the number of VT events in the database (i.e. that should have triggered the earthworm event detection 
algorithm), the number of events that were located, a manual count including smaller events, the approximate duration of the 
string in minutes, the maximum local magnitude, the total seismic moment of all the events in the string and the seismic moment 
rate. 

Date, time 
(UTC) 

Duration 
(min) 

DB 
VTs 

Loc 
VTs 

Manual 
count 
VTs Max. ML 

Total 
Seismic 
Moment 
(TNm) 

Moment 
Rate 

(TNm/min) 

10-Oct-2021 
19:33:15 

26.4 9 8 41 3.5 253.33 9.61 

15-Oct-2021 
01:43:11 

15.4 1 1 7 0.9 0.54 0.03 

18-Oct-2021 
20:39:45 

72.5 4 4 15 2.5 26.5 0.37 

23-Oct-2021 
17:06:17 

14.3 1 1 5 1.7 3.39 0.24 

08-Nov-2021 
22:52:53 

11.6 2 2 12 1.2 1.92 0.17 

14-Nov-2021 
02:09:50 

18 2 2 13 1.9 8.06 0.45 

21-Nov-2021 
04:49:34 

209.8 6 6 19 2.2 26.26 0.13 

21-Nov-2021 
19:44:26 

4.1 2 2 6 1.8 5.97 1.46 

25-Nov-2021 
14:43:11 

8.4 3 3 13 1.7 6.44 0.76 

26-Nov-2021 
17:06:21 

39.7 2 2 23 3.2 134.11 3.38 

05-Dec-2021 
08:16:09 

20.7 6 6 29 2.7 92.72 4.47 

13-Dec-2021 
03:49:07 

10.1 2 2 12 2.3 20.38 2.02 

16-Dec-2021 
18:35:27 

80.8 3 3 20 3 88.01 1.09 

16-Dec-2021 
23:50:19 

16.4 2 2 9 1.8 8.53 0.52 

23-Dec-2021 
03:00:46 

5.8 7 7 18 3.2 130.3 22.41 
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Date, time 
(UTC) 

Duration 
(min) 

DB 
VTs 

Loc 
VTs 

Manual 
count 
VTs Max. ML 

Total 
Seismic 
Moment 
(TNm) 

Moment 
Rate 

(TNm/min) 

28-Dec-2021 
22:23:46 

26.3 9 5 49 3.1 106.53 4.06 

14-Jan-2022 
02:06:26 

46.8 3 3 30 3.1 109.36 2.34 

27-Jan-2022 
13:45:56 

43.6 4 4 19 1.9 13.03 0.3 

29-Jan-2022 
02:05:50 

33.2 1 1 7 2.6 26.92 0.81 

30-Jan-2022 
03:06:29 

147.4 3 3 21 2.5 43.74 0.3 

01-Feb-2022 
10:23:13 

17.3 1 1 10 1.1 0.85 0.05 

04-Feb-2022 
15:21:07 

54.1 3 3 31 1.8 7.31 0.14 

05-Feb-2022 
11:32:12 

7.3 2 2 2 2.3 16.19 2.22 

12-Feb-2022 
03:31:07 

26.6 1 1 26 2.2 10.72 0.4 

17-Feb-2022 
11:33:51 

56.2 3 3 18 3.6 349.91 6.22 

20-Feb-2022 
14:05:46 

6.1 1 1 6 1.6 2.69 0.44 

25-Feb-2022 
19:19:16 

3.5 1 1 7 1.5 2.14 0.6 

23-Mar-2022 
00:53:46 

0.5 2 2 2 2.2 12.42 22.78 

31-Mar-2022 
01:49:14 

9.7 6 6 18 2.9 161.13 16.57 

 

1.2.4 Small-scale seismic activity  

The helicorder plots from the station MSS1, about 1 km from the dome, often show small seismic events that do 

not trigger the data-acquisition system and are usually not seen at any other stations.  

These small events appear to have two distinct forms in the helicorder plots. Most of them have a sharp onset 

typical of a VT event. But some have a more gradual onset and, on closer examination, are more likely to have 

been generated by rockfalls. 

It is possible to identify and count these small events on the MSS1 helicorder plots, and Figure 7 shows the daily 

counts from 1 October 2021 to 31 March 2022. The top plot shows all volcanic events that are seen each day. 

The lower two plots are for VT events and rockfalls that are larger than a set amplitude, and so can be identified 

by their form. 

The level of this small-scale VT activity is fairly constant throughout the reporting period. 
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Figure 7: Daily counts of small seismic events seen on MSS1 rockfall events from 1 October 2021 until 31 March 2022. The top frame shows 
all events identified as volcanic. The middle and bottom frames show counts of events whose amplitude exceeded a fixed 
threshold on helicorder plots and were identified as VTs and rockfalls respectively. Values of -1 represent days when no data was 
recorded from MSS1. 

 

1.2.5 Fault-Plane Solutions  

Figure 8 shows the fault-plane solutions for five of the larger VT earthquakes during this reporting period. The 

solutions are compatible solutions from a 10-degree incremental search using the software FOCMEC.  

These solutions show a wide range of mechanisms but do have a level of consistency, in that one of the nodal 

planes has a strike between West and North.  

Fault-plane solutions will continue to be determined where and when possible. 
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Figure 8: Fault plane solutions for larger VT earthquakes between 1 October 2021 and 31 March 2022. The solutions are the results of a 
FOCMEC search at 10-degree intervals. 

 

1.3 Ground Deformation  

The deformation pattern observed between 1 October 2021 and 31 March 2022 has been similar to that 

observed since the beginning of Pause 5 in February 2010. The long-term inflation of the edifice/island is 

consistent with the continuation of the pause in surface activity and pressurization of the magmatic system, 

although its rate has decreased since the beginning of Pause 5. 

1.3.1 GPS 

The time series observed at the continuous GPS stations are plotted for April 2020 ς March 2022 (Figure 9 - 

Figure 11) and for Pause 5 (February 2010 ς present, Figure 12 - Figure 14), and the time series observed at the 

campaign GPS sites are plotted for Pause 5 (Figure 15). The entire dataset (1998 ς present) is presented in 

Appendix B. 
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The GPS timeseries during the reporting period shows a continuation of the slow inflation of the island, centred 

on the Soufriere Hills volcano, that has been observed since the beginning of Pause 5 in February 2010, and in 

general is similar to the deformation pattern observed during each pause in surface activity. 

For most GPS sites, the overall inflation of the island translates into: 

¶ no significant horizontal displacements observed at the GPS stations close to the dome (i.e., HERM, SPRI, 

FRGR or NWHT, LGRD, LGFM, respectively) 

¶ slow radial displacement away from the dome at the stations further away (e.g., NWBL, TRNT or HARR) 

¶ no significant tangential displacements 

¶ the vertical deformation measured using the GPS method is usually more scattered, due to its higher 

sensitivity to atmospheric variations. Despite this limitation, a clear upward movement is observed 

during Pause 5 (2010-2022) at most stations in Montserrat, and overall decreasing in amplitude with the 

increasing distance to SHV vent (Figure 14 and Figure 17a).  

Several observations at the GPS sites are not following this general pattern: 

¶ An overall downward displacement, slightly NNE has been observed at the spider station MSS1 since its 

deployment (Section 1.3.2 and Appendix B). Although at first interpreted as a sign of the station 

instability, the duration of this signal likely shows that it is related to local crustal deformation, which 

could be due to the geothermal system. 

¶ !ƴ ŜŀǎǘǿŀǊŘ ŀƴŘ ŘƻǿƴǿŀǊŘ ŘƛǎǇƭŀŎŜƳŜƴǘ Ƙŀǎ ōŜŜƴ ƻōǎŜǊǾŜŘ ŀǘ aDh5 ǎƛƴŎŜ ƛǘΩǎ ƛƴǎǘŀƭƭŀǘƛƻƴ ƛƴ 

December 2019. As for MSS1, this displacement could be related to an instability of the site itself, or as 

local crustal deformation (which would not have been recorded at the now discontinued MVO1 station, 

located about 500 m away). 

¶ The vertical deformation pattern is unclear for the past 2 years (2020-2022), due to data scattering, the 

small/slow deformation (Figures 3, and 9b) and possibly some localized deformation overprinting the 

general inflation/deflation pattern associated with the mid-crustal magmatic system. Two stations (AIRS, 

NWBL) indicate a downward velocity downward movement (Figure 9b), reflecting the period ~June-

September 2021 (Figure 3,6). However, because this is only observed on the vertical component, and 

that a similar downward movement is seen on Redonda (RDON), we interpret this apparent downward 

movement as a processing artefact, due to the higher atmospheric noise during Hurricane season. 

In the past, during Pause 5, significant displacements were recorded at close-field GPS stations in correlation 

with strong events (e.g., the ash venting event in March 2012, Fig. 4). However, no such displacements have been 

observed in relation to VT/VT strings during the reporting period.  

A comparison of the GPS horizontal velocities corresponding to Pause 5 and the period April 2020 ς March 2022 

όCƛƎǳǊŜ уύ ŎƻƴŦƛǊƳǎ ǘƘŀǘ ǘƘŜǊŜ ƘŀǎƴΩǘ ōŜŜƴ ŀƴȅ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŘŜŦƻǊƳŀǘƛƻƴ ǇŀǘǘŜǊƴ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ǘǿƻ 

years and that the island is inflating slowly. This is also shown in Figure 9, where are represented vertical 

velocities calculated for the GPS sites during Pause 5 and the period April 2020 ς March 2022 (with the exception 

of MGOD, AIRS and NWBL as discussed above). In Figure 8, the directions of horizontal deformation of the closest 

stations, located on the flanks of the volcano, can be variable due to the very small displacements they reflect. 

In contrast, the stations further away than 2-3 km (i.e., SGH1 and further), including the campaign sites closer to 

the coast (BNBY, BROD, DRYG), show a clear radial displacement pattern away from the dome. For the far-field 

continuous stations, the horizontal velocities calculated for the period April 2020 ς March 2022 are up to ~7 

mm/yr, and are lower than the rate for the entire Pause 5 (up to ~9 mm/yr at TRNT). 
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Figure 9: Radial extension relative to the volcanic vent since 1 April 2020. The reporting period is bounded by the two blue lines. The highest 
magnitude VT/VT strings are highlighted (red dashed line). The distance station-volcanic vent increases from bottom to top of 
figure. The background Caribbean plate velocity was removed from the data. Displacements due to antenna changes have been 
corrected. The distance separating the gridlines corresponds to 1 cm. 
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Figure 10: Tangential displacements relative to the volcanic vent since 1 April 2020. The reporting period is bounded by the two blue 
lines. The highest magnitude VT/VT strings are highlighted (red dashed line). The distance station-volcanic vent increases from 
bottom to top of figure. The background Caribbean plate velocity was removed from the data. Displacements due to antenna 
changes have been corrected. The distance separating the gridlines corresponds to 1 cm. 
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Figure 11: Vertical displacements observed since 1 April 2020. The reporting period is bounded by the two blue lines. The highest magnitude 
VT/VT strings are highlighted (red dashed line). The distance station-volcanic vent increases from bottom to top of figure. The 
background Caribbean plate velocity was removed from the data. Displacements due to antenna changes have been corrected. 
The distance separating the gridlines corresponds to 1 cm. 
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Figure 12: Radial extension relative to the volcanic vent for Pause 5 (February 2010 ς present). The reporting period is bounded by the two 
blue lines. The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was 
removed from the data. Displacements due to antenna changes have been corrected. The dates when deformation has been 
observed in association with VT events are highlighted (red dashed lines). The distance separating the gridlines corresponds to 1 
cm. 
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Figure 13: Tangential displacements relative to the volcanic vent for Pause 5 (February 2010 ς present). The present reporting period is 
bounded by the two blue lines. The distance station-volcanic vent increases from bottom to top of figure. The background 
Caribbean plate velocity was removed from the data. Displacements due to antenna changes have been corrected. The dates when 
deformation has been observed in association with VT events are highlighted (red dashed lines). The distance separating the 
gridlines corresponds to 1 cm. 
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Figure 14: Vertical displacements for Pause 5 (February 2010 ς present). The present reporting period is bounded by the two blue lines. 
The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed 
from the data. Displacements due to antenna changes have been corrected. The dates when deformation has been observed in 
association with VT events are highlighted (red dashed lines). The distance separating the gridlines corresponds to 1 cm. 
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Figure 15: Radial (top) and Vertical (bottom) displacements recorded at campaign GPS sites during Pause 5 (February 2010 ς present). The 
distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from 
the data. The dates when deformation has been observed in association with VT events are highlighted (red dashed lines). The 
distance separating the gridlines corresponds to 1 cm. See Appendix B for tangential displacements. 
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Figure 16: Horizontal velocities observed at the MVO GPS stations. Velocities are calculated relative to the Caribbean tectonic plate velocity 
model. The velocity vectors compared are those for the entire Pause 5 (black), and for April 2020 ς March 2022 (red). Continuous 
and campaign sites are indicated in red and black, respectively. Stations missing a significant amount of data have been removed 
for the corresponding period. The yellow star marks the dome location. 
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Figure 17: Horizontal (arrows) and vertical (bars) velocities observed during Pause 5 (February 2019 ς present, left) and April 2020 ς March 
2022 (right) and their associated errors (ellipse and green lines). All velocities are calculated relative to the Caribbean tectonic 
plate velocity model. When lacking a significant amount of data over one of the periods considered, the value is omitted. The 
yellow star marks the position of the dome. 

 

1.3.2 Spider stations  

¢ƘŜ Ŏƻƴǘƛƴǳƻǳǎ Ψ{ǇƛŘŜǊΩ Dt{ ǎǘŀǘƛƻƴǎ ŘŜǇƭƻȅŜŘ ƛƴ WǳƴŜ нлмпΣ ŀƴŘ ƻƴƭȅ a{{м όƛƴ ǘƘŜ ǎŎŀǊύ Ƙŀǎ ōŜŜƴ ŦǳƴŎǘƛƻƴƛƴƎ 

ŘǳǊƛƴƎ ǘƘŜ ǊŜǇƻǊǘƛƴƎ ǇŜǊƛƻŘΦ ¢ƘŜ ŜƴǘƛǊŜ Ψ{ǇƛŘŜǊΩ Dt{ ǎǘŀǘƛƻƴǎ ŘŀǘŀǎŜǘΣ including MSUH (Upper Hermitage) and 

a{/t ό/ƘŀƴŎŜΩǎ tŜŀƪύ ƛǎ ƎƛǾŜƴ ƛƴ !ǇǇŜƴŘƛȄ .Φ 

Since June 2014, and including during the current reporting period, MSS1 has recorded a slow non-radial 

subsidence deformation different to the general radial/inflation pattern. However, it is difficult to determine if 

these displacements reflect a local crustal deformation pattern, which could be e.g., due to the geothermal 

system, MSS1 being located close to the volcano vent and fumaroles, or if they are simply related to the fact that 

the spider is not a more stable monument. Indeed, HERM less than 100 m away, does not show the same 

deformation. 

1.3.3 EDM 

A map of the EDM baselines measured since February 2010 is given in Figure 18 (filled black circled). EDM 

measurements provide an insight on the near-field deformation and hereby by processes in the mid-crustal and 

also in the near-surface volcanic system. In Figure 19 and Figure 20, the slant distances changes recorded over 

the EDM network are represented for Pause 5 and for April 2020 ς March 2022, respectively. 

Since March 2012, there has been observed an on-going lengthening of the SW baselines (~3 cm at EDBR-EDWR 

and EDBR-EDUB) and of the NE baseline (~5 cm at EDJH ς EDHE). This is consistent with the inflation of the island, 
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possibly combined with a contraction of the upper magmatic system e.g., due to cooling. Significant 

displacements have been recorded since the beginning of Pause 5, in relation with strong VT strings, e.g., ~5 cm 

shortening in March 2012 for the SW baselines (EDBR ς EDUB and EDBR - EDWR). During the reporting period, 

no such displacements have been observed. 

Three horizontal GPS baseline variations measured between continuous stations, across the edifice and across 

the island, are also represented for Pause 5 and for the period April 2020 ς March 2022 (Figure 21 and Figure 22, 

respectively). 

During Pause 5, the step in the horizontal time-series occurring in relation with the Mar 2012 ash venting event 

is visible on the FRGR-HARR baseline. Note the sharp displacement in the HERM-SGH1 time series between 2014-

2018 is associated to site maintenance. The on-going radial deformation is also visible on the FRGR-HARR and 

the ~N-S longer baseline FRGR-NWBL. However, during the last 6 months, it is difficult to detect a clear 

deformation pattern, due to the scatter of the data. The apparent shortening of the baseline including FRGR, is 

likely reflecting site issues (see Section 2.1). No significant displacement in association to the VTs observed during 

the reporting period is visible.  

1.3.4 Strain  

Due to technical difficulties, it has not been possible to collect the strain data during the reporting period. 

 



MVO OFR 22-02: MVO Six Monthly Report   23 

 

Figure 18: Map of the EDM network (black filled circles) used at MVO during the reporting period and Pause 5 and of complementing 
baselines computed between the continuous GPS stations (black circles). See also Figures 19-22.  
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Figure 19: Slant length variations (cm) of the EDM baselines during Pause 5. The reporting period is coloured in grey. The highest magnitude 
VT events during this period have been highlighted (orange), including those associated with deformation (red). See Figure 18 for 
network map. 
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Figure 20: Slant length variations (cm) of the EDM baselines since 1 April 2020. The reporting period is coloured in grey. The VT events 
associated with deformation during this period have been highlighted (red). See Figure 18 for network map. 
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Figure 21: Horizontal baseline variations (cm) of 3 pairs of GPS stations during Pause 5. The baseline HERM-SGHT (dark blue) is substituted 
to HERM-SGH1 (clear blue) when SGH1 is unavailable. The reporting period is coloured in grey. The highest magnitude VT events 
during this period have been highlighted (orange), including those associated with deformation (red). See Figure 18 for network 
map. 
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Figure 22: Horizontal baseline variations (cm) of 3 pairs of GPS stations since 1 April 2020. The baseline HERM-SGHT (dark blue) is 
substituted to HERM-SGH1 (clear blue) when SGH1 is unavailable. The reporting period is coloured in grey. The VT events 
associated with deformation during this period have been highlighted (red). See Figure 18 for network map. 

 

1.4 Gas Monitoring  

1.4.1 SO2 Traverses  

Measurements of the SO2 flux continue to be obtained via traverses under plume by helicopter or boat. 

For the sake of generating a background, the data plotted here will span the period (June 2019 to present) thus 

the present reporting period as well at the previous four reporting periods. 

The data collected during the current six moth reporting period shows a minimum of 163 t/d on 18 October 2021 

and a maximum value of 802 t/d on 22 December 2021 (Figure 23). The daily mean for the current reporting 

period is 386 t/d (Figure 24). 

The main observation from Figure 23, would be that the daily means have shown a general increase since the 

decreasing trend observed from august 2021 to October 2021. Figure 24 shows the effect of the decreasing trend 

on slowing down the SO2 output with the current reporting period having a mean of 14 t/d less than the previous.  

Regardless to the decreasing trend previously mentioned the SO2 output has been steadily increasing since late 
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2019 which is reflected in the increasing daily means as well as the increased slope of the cumulative plot, 

particularly since early 2021. 

 

 

Figure 23: SO2 flux data from 1 June 2019 till present from both helicopter (open circles) and boat (black circles) traverses under the plume. 
The cumulative total is from 1 June2019.  

 

Figure 24: Five most recent six monthly SO2 flux means, concurrent with the six-monthly reporting periods. 
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1.4.2 Diffusion Tubes  

Ground level Sulphur dioxide (SO2) levels, are measured using diffusion tubes which are supplied by Gradko. The 

results are calculated from three tubes per site, with average concentration results taken from an approximate 

four-week exposure time period.   

The concentrations at all stations, continues to remain low.  However, results for Chances Peak has been steadily 

increasing since the start of the reporting period. 

Figure 25 shows the average concentration of SO2, from tubes collected at twelve different locations around the 

island. Most of the stations to the north of the island frequently record measurements that are below the 

reporting limit, of <0.4 ppb. The 0.4 is the value then used in the results given. 

 

Figure 25: Monitored SO2 concentrations (ppb) March 2010 to March 2022. 

Figure 26 shows a comparison of SO2 concentration to that of The United States National Ambient Air Quality 

Standards, which has an annual limit of 30ppb. Chances Peak continues to show concentrations above the 

reporting limit, while all other stations remain below the average threshold of 30ppb. 
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Figure 26: The annual mean concentrations of SO2 from the seven stations closest to the Soufriére Hills volcano. 

 

1.5 Dome Volume and Geology 

1.5.1 Dome Volume and Morphology  

There has been no extrusion of lava since the end of Phase 5 on 11 February 2010. Therefore, there has been no 

increase in the volume of the lava dome. With minimal rockfall activity, there has been negligible removal of 

material from the lava dome. Therefore, the volume of the lava dome is still considered to be 190 million m3, as 

determined by Stinton et al., 2014a at the end of Phase 5. 

Persistent cloud cover hampered visual observations over the majority of the lava dome during the reporting 

period. However, when possible, observations revealed no significant changes, with continued degradation of 

the steep slopes/cliffs above the Tar River valley (east flank), inside the 2010 collapse scar (northern sector) and 

ŀōƻǾŜ DŀƎŜΩǎ Cŀƴ όǿŜǎǘ ŦƭŀƴƪύΦ 

1.5.2 Pyroclastic Flow and Rockfall Activity  

The last recorded pyroclastic flow occurred on 29 September 2012. 

Rockfall activity has continued at very low levels, with 13 events triggering the seismic network event detection 

algorithms. Based on observations made during helicopter observation flights, rockfall activity was observed in 

the usual places on the lava dome and inside the 2010 collapse scar. On the Tar River cliff, there are numerous 
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large fractures defining large slabs and blocks in the lava dome. Some of these slabs/blocks are a few tens of 

meters high and wide, suggesting significant rockfalls will likely occur at some point in the near future. A few 

decimetre-sized blocks were present at the foot of the cliff on the talus slope. Inside the 2010 collapse scar, 

rockfall activity has occurred recently in the southwest sector in some strongly weathered lava with debris/talus 

accumulating at the foot of the rockfall area. 

Rockfall activity has also occurred in areas away from the lava dome. On the south side of Chance's Peak, rockfall 

activity continued, forming a very fresh, pale grey coloured surface in the source area, with debris extending 

almost all the way down to the foot of Chance's Peak in the upper part of Gingoes Ghaut. Evidence of rockfall 

activity was also occasional observed in a small area on the west flank of Galway's Mtn that has seen intermittent 

rockfall activity for several years. In addition, a significant dust plume was observed originating from the old 

coastal cliffs at the mouth of Irish Ghaut on 9 February 2022. 

1.5.3 Fumarole Activity  

Fumarole activity on and adjacent to the lava dome has remained consistent and visually strong, with prominent 

plumes of steam and gas seen issuing from numerous features on the lava dome when weather conditions 

permitted. Due to the absence of the handheld FLIR thermal imager (see section 4.4.4), no fumarole 

temperatures are reported for this period. 

During an observation flight on 11 January 2022, a new area of fumarolic activity/steaming was observed 

ōŜǘǿŜŜƴ DŀƎŜΩǎ aƻǳƴǘŀƛƴ ŀƴŘ ǘƘŜ ƻǳǘŜǊ ǎƭƻǇŜ ƻŦ ǘƘŜ нлмл /ƻƭƭŀǇǎŜ {ŎŀǊ (Figure 27). Close inspection from the 

helicopter showed that steam was weakly venting from several points in what appeared to be a large mass of 

fractured lava ǘƘŀǘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ƻƭŘ DŀƎŜΩǎ ƭŀǾŀ ŘƻƳŜ. Due to the position of the new fumarole it was not possible 

to access on foot for closer inspection. However, based on observations from the helicopter, the absence of 

altered material and sulphur deposits around the steaming areas, suggests the fumaroles are low temperature, 

contain no magmatic gases and likely are a result of heated groundwater. 
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Figure 27: Location map and photographs of the new άDŀƎŜΩǎ wƛŘƎŜέ low temperature fumarole that was first identified on 11 January 
2022. The red circles on insert show areas from where steaming was observed. 

 

1.5.4 Lahars 

The current reporting period encompasses the end of the 2021 hurricane season and the 2022 dry season. Lahar 
activity has been identified on at least ten occasions during this period. The majority of the lahar activity occurred 
on the northern sector of the volcano, with lahar signals identified on the MSS1 spider located in the 2010 
collapse scar and thin lahar deposits identified in Paradise Ghaut up to 3 km from the MSS1 spider instrument. 
¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ƭŀƘŀǊ ŘŜǇƻǎƛǘǎ ƛƴ {ǇǊƛƴƎκ!ȅƳŜǊΩǎ DƘŀǳǘ ŀƴŘ DƛƴƎƻŜǎ DƘŀǳǘ ƻƴ ǘƘŜ ǿŜǎǘŜǊƴ ŀƴŘ 
southwestern flanks of the volcano, as well in channels upslope from Plymouth indicate additional lahar activity 
in those sectors of the volcano. Visual inspection of the deposits suggest they contain limited amounts of 
fine-grained sediment, suggesting the lahars are predominantly water-rich (i.e., hyperconcentrated) or even just 
flash floods. There was no evidence of lahar or flash flood activity in the Belham Valley. 
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2 Discussion of Activity and Comparison with Past Activity  

2.1 Pause in Dome Growth 

Extrusion of lava and growth of the dome ended on 11 February 2010, following the large partial dome collapse 

that marked the end of the fifth phase of dome growth (Stinton et al., 2014a,b). The current pause in dome 

growth is now more than 145 months long and accounts for more than 45% of the eruption as a whole since it 

began with phreatic activity in July 1995. 

OFR-2021-02 describes an observed increase in the level of volcanic activity during this current pause as observed 

by the volcanic monitoring system. This increase has been predominantly characterised by an increase in the 

measured SO2 flux and a statistically significant increase in the rate of volcano tectonic earthquakes (Figure 28). 

There has also been an observed increase in the temperatures of some of the fumaroles. 

This increased level of activity has continued through the current reporting period. The rate of volcano tectonic 

events during the current reporting period is 1.07 per day, lower than in the previous reporting period (1.22 per 

day), but still significantly higher than the 0.7 events per day average for the entire pause period (Table 1). 

Rockfall activity continued at the slightly heightened rate see since mid-August 2021 (Figure 6). Low frequency 

seismicity remained low during the reporting period with only one long-period event recorded. However, it 

should be noted that there were no low frequency events at all from April 2014 until July 2021. 
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Figure 28: Mean VT event rates for the approximately six-month reporting periods since the beginning of the current pause in 2010. 

The average SO2 flux during this period has been 386 t/d, nominally, but not significantly, lower than the previous 
reporting period (404 t/d) (Figure 29). No fumarole temperatures were measured during the current reporting 
period due to the malfunctioning of the thermal camera so it is not possible to report on trends in fumarole 
temperatures. 

 



MVO OFR 22-02: MVO Six Monthly Report   35 

 

Figure 29: Mean SO2 fluxes for the approximately six-month reporting periods since the beginning of the current pause in 2017. This is the 
period over which the current traverse method of flux measurement has been utilised. 

During the reporting period, far field ground deformation reflective of ongoing pressurisation of the magmatic 
system continued. However, no nearfield deformation events were observed. 

This increase in the level of unrest during the pause has now been ongoing since 2018 in the case of the increase 
in VT activity and since 2020 in the case of the increase in SO2 flux. The causes of this change cannot be known 
precisely, although the nature of the observed changes indicate that it likely originates in the deep magmatic 
system. The important take away from these observations is that it is clear that the magmatic system is not 
winding down and still remains active and potentially capable of driving another phase of extrusive activity. The 
current monitoring data do not however indicate that a switch to extrusive activity is imminent. It is 
overwhelmingly likely that a number of precursory signals possibly including sustained swarms of VT 
earthquakes, swarms of low frequency earthquakes, near field deformation significantly larger than has been 
observed recently and possible increases in the rate of deep inflation as observed in St. Vincent would be 
observed. Other possible precursory signals include significant increases in fumarolic activity and temperatures 
and ash venting. The MVO remains vigilant for these and any other signals of an imminent change in volcanic 
behaviour. 

Figure 30 shows the key monitoring data (seismic counts, GPS and SO2 flux) for the Soufrière Hills Volcano from 
1995 to 31 March 2022. Figure 31 shows the same data for the period since the beginning of Pause 5 on 12 
February 2010. 
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Figure 30: Summary of all monitoring data for the entire eruption of the Soufriere Hills volcano between 1995 and March 2022. Extrusive 
phases are shown in grey. Top: Number of seismic events detected and identified by the seismic system. Middle: Radial 
displacement of cGPS stations MVO1 (red) and NWBL (blue) smoothed with 7-day running mean filter, Black: GPS Height of 
HARR. Bottom: Measured daily SO2 flux, filtered with 7-day running median filter. Green: COSPEC, Blue: old DOAS, Red: Traverse 
data. 

 

Figure 31: Seismic, GPS and SO2 monitoring data for the period since the end of Phase 5: 1 February 2010 ς 31 March 2022. Top: Number 
of seismic events detected and identified by the seismic system. Middle: Radial displacement of cGPS stations MVO1 (red) and 
NWBL (blue) smoothed with 7-day running mean filter. Bottom: Daily SO2 flux, filtered with 7-day running median filter, Blue: 
old DOAS network, Red: Traverse data. 
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2.2 Dome Stability  

The present lava dome, with a volume estimated at 190 Mm3 (Stinton et al., 2014), is still of considerable size. 

Only a few percent of the dome has been removed via rockfalls and pyroclastic flows since the beginning of Pause 

5, which highlights that the dome still represents a significant hazard.  

The stability of the dome and the quantity of material available remains virtually identical to that discussed in 

SACs 17ς25. Therefore, we continue to hold the view that little has changed with regard to the status of the 

dome at the Soufrière Hills volcano since SAC 25 (November 2020, Neuberg et al., 2020).  

 

2.3 Criteria for Continuation of Activity  

Since SAC 16 in November 2011, the potential for continuing activity has been considered against the following 
three criteria:  

1. Seismicity ς the presence of low frequency seismic swarms and of seismic tremor  

2. Gas ς daily SO2 rates above 50 tonnes per day  

3. Ground deformation ς significant ground deformation 

 Ο 

As discussed below, Criteria 2 and 3 are currently being met. Therefore, there is evidence that the deep plumbing 
system beneath the volcano is still active. 

1. 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 continued to be extremely low and no low-frequency swarms or tremor 

have been observed. 

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

Measurements of the SO2 flux conducted by boat traverse during the reporting period have yielded 

values well above the 50 tonnes per day nominal threshold. 

3. 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. 

 

2.4 Phases and Pauses 

Table 4 lists the phases and pauses of the eruption of the Soufrière Hills Volcano, up to 31 March 2022, and 
follows the traditional definition of a Phase as a period when lava is being extruded at the surface.  

 

 

 

 

 

 



MVO OFR 22-02: MVO Six Monthly Report   38 

Table 4: Phases and pauses of the eruption of the SHV, up to 31 March 2022. 

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 Ongoing 4431 145.6 
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3 Hazards and Risks 

3.1 Risk Assessment 

A quantitative volcanic hazard assessment is currently being undertaken in order to differentiate the hazard 

levels within Zone V, with an initial focus on pyroclastic flows, lahar and ballistics hazards, refer section 4.8. The 

pyroclastic flow analysis is based upon work by Spiller et al., (2020) which uses a statistical database combined 

with physical modelling. The lahar analysis uses computational modelling to estimate inundation footprints, with 

volumes and reoccurrence rates coming from the MVO lahar database (James and Miller, 2020; MVO Open File 

Report 2020-02). The ballistics hazard assessment has been undertaken using the computational modelling 

software MatHaz (Bertin et al., 2019), which uses the historic record at SHV and parameters taken from or 

estimated from the SHV eruptions, refer to section 4.8.1.  

 

3.2 Hazard Level System 

The Hazard Level has remained at Level 1 throughout the period under review due to the ongoing persistent low-

level unrest. There have been no changes to the Hazard Level System since August 2014. 

 

3.3 Access and Visits to Zone V 

Access to Zone V is only permitted using very strict safety procedures, and is coordinated by DMCA, with 

assistance from MVO and the Police. All groups seeking access must apply for permission in advance with a safety 

plan. If permission is granted, they are required to be in constant contact with the MVO Operations (Ops) room 

throughout their visit. Activities are normally restricted to office hours, unless special arrangements are made 

for the MVO Ops room to be staffed. The procedures are reviewed regularly, and there have been only a few 

incidents where they have been breached.  

An estimated 1167 people entered zone V on authorised visits from 1 October 2021 to 31 March 2022; Table 5 

and Figure 32 show the number of (authorised) visits and visitor estimates for the 6-month period covered in 

this report.  

During this reporting period visitors to the island were allowed to enter with a mandatory quarantine period, 

however there remains a low number of short-term tourists to Montserrat and so the total number of tourism 

visitors to Zone V for the reporting time period remained low. The number of visits to Zone V for the purposes 

of sand mining was slightly lower than the previous six month period, however it was consistent to what has 

been seen in most recent years. Visits cƻƳǇǊƛǎƛƴƎ ǘƘŜ άƻǘƘŜǊέ ŎŀǘŜƎƻǊȅ ƛƴŎƭǳŘŜŘ Ǿƛǎƛǘǎ ōȅ ƎƻǾŜǊƴƳŜƴǘŀƭ 

departments including Agriculture, Montserrat Port Authority and Department of Environment as well as the 

Royal Montserrat Defence Force. There was an educational visit led by DMCA into Zone V for 87 persons (MSS 

ŜƴŜǊƎȅ ǎǘǳŘŜƴǘǎύ ƻƴ мм bƻǾŜƳōŜǊ нлнм ǿƘƛŎƘ ǾƛǎƛǘŜŘ {ǘΦ DŜƻǊƎŜΩǎ IƛƭƭΦ ±ƛǎƛǘǎ ǘƻ ǘƘŜ ¦ǇǇŜǊ .ŜƭƘŀƳ ŀǊŜŀ ǿŜǊŜ 

undertaken by DMCA and the Department of Environment presumably in preparation for the opening of this 

area for future sand mining. The number of visits by DMCA into Zone V has overtaken the number of visits logged 

for MVO, several visits by DMCA had 10-20 persons (no further information recorded in the log) suggesting that 

DMCA personnel were escorting visitors. No visits from RMPS were logged during this reporting period, however 

officers are required to accompany any tourism groups. 
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Table 5: Data on the number of visits and people to Zone V for various activities during the 6-month period from 1 October 2021 to 31 
March 2022. The data are sourced from the MVO Ops room logs. Note that the MVO visits are only via vehicle, as helicopter visits 
are not recorded. 

Activity Purpose Area(s) visited # of visits # of peopleii Comments 

Industrial     

Sand export Plymouth jetty 105 735 
ipeople 
estimate 

Scrap metal [ƻǾŜǊΩǎ [ŀƴŜ 0 0  

Dredging Plymouth jetty 0 0  

Geothermal Plymouth jetty 0 0  

Tourism etc 

Tourist visits Plymouth 15 89 
iipeople 
estimate 

Ferry Plymouth jetty 0 0  

Journalists Plymouth 0 0  

Film crews Plymouth 0 0  

Education 

Students Plymouth 1 81  

Government 

MVO Various 7 15  

DMCA Various 32 216 
iipeople 
estimate 

RMPSiii Various 0 0 
iipeople 
estimate 

Other Various 7 31  

Total  167 1167  

 
i The number of people involved with sand export (e.g. stockpiling or barge operations) is an approximation as 
these numbers are not given by the company. Several drivers are in operation during a given time period and enter 
the zone multiple times, with each day counted as one visit. This can also include multi-day visits. 
ii The number of people is an underestimate, as the exact number is not recorded in the MVO log in many 
instances. 
iii Note that the number of visits and people for the Royal Montserrat Police Force (RMPS) is greatly 
underestimated. According to the guidelines every tourist visit is to be accompanied by a RMPS escort. In many 
cases the escort does not radio MVO to provide details or the number of persons. 
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Figure 32: Data on the number of visits and people entering Zone V for the period 1 October 2021 to 31 March 2022 for various activities. 

A breakdown of visits from 1 April 2016 (~2 weeks after Ops room log started) until 31 March 2022 (72-month 

period), with a focus on the numbers for tourists, sand mining and MVO is provided in Table 6, and Figure 33 and 

Figure 34; the data are divided into 6-month periods to align with MVO reporting.  

Figure 33 and Figure 34 show that: 1) sand mining visits have remained fairly constant in the last three years; 2) 

tourist visit numbers had continued to rise (during both the low, 1 April ς 30 September, and high, 1 October ς 

31 March, seasons), however in the last two years this has been reduced to a very low number of visits; and 3) 

the number of MVO visits has been fairly consistent since 2017. It should be noted that these data only include 

MVO visits via vehicle into Zone V; helicopter visits for scientific work are not recorded in the Ops room log. 

Helicopter visits to Zone V by MVO staff should be included in the records to facilitate any future evaluations of 

fieldwork risk (life/safety) on Soufrière Hills volcano. It should also be noted that whilst the number of tourism 

visits had continued to rise since 2016, the much lower number for the past two years is certainly a function of 

the travel restrictions resulting from the Covid-19 pandemic. During the reporting period short term visitors on 

ΨǘƻǳǊƛǎǘΩ Ǿƛǎŀǎ ǿŜǊŜ ŀōƭŜ ǘƻ ǘǊŀǾŜƭ ǘƻ ǘƘŜ ƛǎƭŀƴŘ ŀƴŘ ŦǊƻƳ ом aŀǊŎƘ нлнн Ŧǳƭƭȅ ǾŀŎŎƛƴŀǘŜŘ ǾƛǎƛǘƻǊǎ ŀǊŜ ƴƻ ƭƻƴƎŜǊ 

required to quarantine, however it is uncertain how the future of travel globally will impact on tourism in 

Montserrat. 

 

Table 6: Data on the number of visits and people to Zone V for tourism, sand mining and MVO activities. The data are grouped into 6-
month periods from 1 April 2016 (~2 weeks after the records began) to 31 March 2022, and are sourced from the MVO Ops room 
ƭƻƎǎΦ ¢ƘŜ Řŀǘŀ ŀǊŜ ǎǳōŘƛǾƛŘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘǎ ǳǎŜŘ ŦƻǊ {!/ ǊŜǇƻǊǘƛƴƎΣ ŀƴŘ Ŏŀƴ ōŜ ƭƻƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ άƘƛƎƘέ (1 
October ς 31 March) ŀƴŘ άƭƻǿέ όм !ǇǊƛƭ ς 30 September) tourist seasons. Note that the MVO visits are only via vehicle, as helicopter 
visits are not recorded. These three categories, tourism, sand mining and MVO, represent about 2/3 of all the visits and people 
involved. 

Time Period # of visits # of peoplei People/time not recorded 

Tourism 

1 April 2016 ς 
30 September 2016 

83 490 Rare 

1 October 2016 ς 
31 March 2017 

194 1968 Rare 



MVO OFR 22-02: MVO Six Monthly Report   42 

Time Period # of visits # of peoplei People/time not recorded 

1 April 2017 ς 
30 September 2017 

131 995 Rare 

1 October 2017 ς 
31 March 2017 

219 2346 Rare 

1 April 2017 ς 
30 September 2018 

180 1591 Rare 

1 October 2018 ς 
31 March 2019 

298 3178 Rare 

1 April 2019 ς 
30 September 2019 

220 1932 Rare 

1 October 2019 ς 
31 March 2020 

307 2849 Rare 

1 April 2020 ς 
30 September 2020 

2 22 Rare 

1 October 2020 ς 
31 March 2021 

3 16 Rare 

1 April 2021 ς 
30 September 2021 

15 119 Rare 

1 October 2021 ς 
31 March 2022 

15 89 Rare 

Sand Mining 

1 April 2016 ς 
30 September 2016 

49 311 Commonly missing 

1 October 2016 ς 
31 March 2017 

53 357 Commonly missing 

1 April 2017 ς 
30 September 2017 

67 439 Commonly missing 

1 October 2017 ς 
31 March 2018 

69 462 Commonly missing 

1 April 2018 ς 
30 September 2018 

84 588 Commonly missing 

1 October 2018 ς 
31 March 2019 

96 663 Commonly missing 

1 April 2019 ς 
30 September 2019 

100 691 Commonly missing 

1 October 2019 ς 
31 March 2020 

95 665 Commonly missing 

1 April 2020 ς 
30 September 2020 

96 686 Commonly missing 

1 October 2020 ς 
31 March 2021 

98 686 Commonly missing 

1 April 2021 ς 
30 September 2021 

137 954 Commonly missing 

1 October 2021 ς 
31 March 2022 

105 735 Rare 

MVO 

1 April 2016 ς 9 41 Rare, but often undifferentiated 
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Time Period # of visits # of peoplei People/time not recorded 

30 September 2016 

1 October 2016 ς 
31 March 2017 

6 78 Rare, but often undifferentiated 

1 April 2017 ς 
30 September 2017 

17 58 Rare 

1 October 2017 ς 
31 March 2018 

19 52 Rare 

1 April 2018 ς 
30 September 2018 

51 166 Rare 

1 October 2018 ς 
31 March 2019 

35 154 Rare 

1 April 2019 ς 
30 September 2019 

31 136 Rare 

1 October 2019 ς 
31 March 2020 

21 62 Rare 

1 April 2020 ς 
30 September 2020 

37 67 Rare 

1 October 2020 ς 
31 March 2021 

23 37 Rare 

1 April 2021 ς 
30 September 2021 

8 17 Rare 

1 October 2021 ς 
31 March 2022 

7 15 Rare 

Total (Tourism, Sand 
Mining, MVO only) 

2,980 23,715 
 

iThe number of people is an underestimate, as the exact number is not recorded in the MVO log in many instances. 
 

 

Figure 33: Data on the number of tourism, sand mining and MVO visits to Zone V. The data are subdivided according to the time periods 
ǳǎŜŘ ŦƻǊ {!/ ǊŜǇƻǊǘƛƴƎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ƭƻƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ άƘƛƎƘέ (1 October ς ом aŀǊŎƘύ ŀƴŘ άƭƻǿέ όм !ǇǊƛƭ ς 30 September) 
tourist seasons (refer to the key). 
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Figure 34: Data on the number of estimated people entering Zone V for tourism, sand mining and MVO activities. The data are subdivided 
ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘǎ ǳǎŜŘ ŦƻǊ {!/ ǊŜǇƻǊǘƛƴƎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ƭƻƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ άƘƛƎƘέ όм hŎǘƻōŜǊ ς ом aŀǊŎƘύ ŀƴŘ άƭƻǿέ 
(1 April ς 30 September) tourist seasons (refer to the key). 

3.4 Risk Assessment 

Whilst the potential hazard from the dome has remained unchanged since the start of the current pause in 2010 

(section 3.1), the data in Table 2 indicates that there has been for the most part a steady increase in visitors to 

Zone V since 2016, with the exception of these past two years (see also Figures 2 and 3). The restrictions on 

visitors to the island due to Covid-19 has again resulted in a reduced level of tourism visits in this reporting period 

and it is uncertain how future tourism in Montserrat will be impacted. With the easing of restrictions for travel 

it is anticipated that the number of tourist visitors to Zone V would again continue to increase, provided that 

global appetite for travel increases. After amendments to the Montserrat Physical Development Plan (2012-

2022) to allow sand-mining in the Upper Belham and the Fort Ghaut area in Plymouth were approved (30 

September 2021) further activities have commenced to prepare for operations in this area, and it is envisaged 

that there will be an increase in sand mining activity in Zone V. A site-specific risk assessment for tourism activities 

within the current Zone V was requested in 2021 (MVO OFR 22-01) the proposal by the Montserrat Tourism 

5ƛǾƛǎƛƻƴ ƛǎ ǘƻ ŀƭƭƻǿ ǘƻǳǊǎ ǘƻ Ǿƛǎƛǘ ǘƘŜ {ǘΦ DŜƻǊƎŜΩǎ Iƛƭƭ ƭƻƻƪƻǳǘ Ǉƻƛƴǘǎ ŀƴŘ ŀ ƴŜǿ ǇƛŎƴƛŎ ǎǇƻǘ ǘƻ ōŜ Ŝstablished in 

this area. Interest to undertake agricultural activities within the current Zone V has also increased.  

It is anticipated that there will continue to be a rise in requests to undertake other activities in Zone V, reinforcing 

the need to update the risk levels for these activities since the last detailed analysis undertaken for SAC 19. The 

revised volcanic hazard assessment is almost complete (section 4.8.1) and a comprehensive risk analysis is 

planned, in the interim, risk information is provided to decision makers through individual site-specific / activity-

specific risk assessments. 

MVO is currently developing new methods to better assess the current and future risk from natural hazards on 

Montserrat (see section 4.8). 

3.4.1 Site-Specific Risk Assessment 

There has been a formal request for a site-specific risk assessment for tourism activities in the St. Georges Hill 

(SGH) area from GoM. With tourist visits to Montserrat steadily rising prior to the onset of the Covid-19 

pandemic, and one of the most popular activities being to view the Soufriŝre Hills volcano there is now a proposal 
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by the Montserrat Tourism Division to expand its tourism products by offering tours of the SGH area. The risk 

assessment is implemented using the new methodology undertaken for the Upper Belham and Fort Ghaut, 

Plymouth risk assessments (Miller and Calder 2020a,b), it incorporates ballistics hazard in addition to PDC and 

lahar hazards and leverages upon the recent developments for these three hazards, refer section 4.8.1. The 

liƪŜƭƛƘƻƻŘ ƻŦ ƘŀȊŀǊŘ ƛƳǇŀŎǘ ƛǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀ Ǌƛǎƪ ǘƻ ƭƛŦŜ ƻǊ ΨǎŜǾŜǊƛǘȅ ŦŀŎǘƻǊΩ ŀƴŘ ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘ 

that elements are exposed to the hazard. Risk to life from lahar hazards is calculated on the assumption that an 

event would be seen and recognised by persons on the ground and that appropriate action would and could be 

taken to self-evacuate from the flow path. Risk to life from pyroclastic flow is calculated on the basis that a flow 

could feasibly occur with insufficient warning to allow for evacuation to a safe location, and that pyroclastic flows 

in the great majority of cases are lethal. Risk to life for ballistics is calculated on the basis that a ballistics event 

could feasibly occur with insufficient warning and that the efforts of those exposed to completely evacuate the 

at-risk area or to avoid individual projectiles will be limited, and that ballistics impact for the vast majority of 

ŎŀǎŜǎ ƛǎ ƭŜǘƘŀƭΦ ¢Ƙƛǎ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ Ψŀǘ ǊƛǎƪΩ όŜȄǇƻǎŜŘύ ŜƭŜƳŜƴǘǎ Řata 

provided to MVO by GoM and with the understanding that the risk assessments will need to be updated once 

the new version of the quantitative volcanic hazard assessment is complete. 
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Figure 35: Locations of the proposed tourism operations in the SGH area that were used in the risk assessment: a) in relation to the Soufriŝre 
Hills Volcano and b) close-up of the proposed Development Zone (DZ), including Points of Interest (POI) and Exit Route (ER) 
locations, which were provided by the Montserrat Tourism Division (MTD) of the Government of Montserrat (GoM). The POI 
locations are: 1) The Meadows; 2) Plymouth view; 3) Magazine A; 4) Magazine B; 5) Gun battery A; 6) Gun battery B; 7) Volcano 
view A; 8ύ ±ƻƭŎŀƴƻ ǾƛŜǿ .Τ фύ !ǊǘƘǳǊǘƻƴΩǎ ǾƛŜǿ !Τ млύ !ǊǘƘǳǊǘƻƴΩǎ ǾƛŜǿ .Τ ммύ tƛŎǘǳǊŜ ǇƻƛƴǘΤ мнύ /ǊƻŎǳǎ ǾƛŜǿΤ моύ ²ƛƴŘƳƛƭƭ ǾƛŜǿΦ 

For SGH the risk is calculated for a one-year period on the basis that the current proposal is for a trial and that 

the risk assessment will be updated once the five-year hazard map is complete. The probability of the proposed 

site (Figure 35) being impacted by ballistics with a >20 cm diameter over the next one-year period is in the 1 × 

10ς5 to 2.5 × 10ς4 range (i.e. 1 in 100,000 to 1 in 4,000 chance); note, ballistics in the 10ς20 cm range are not 

included in this estimate and could potentially impact the site. For an individual spending 28 h per week in the 

proposed development zone the risk of fatality due to such ballistics-producing event in the next one-year period 

is in the 1.67 × 10ς6 to 3.75 × 10ς5 range. The probability of the proposed site being impacted by a pyroclastic 

flow in the next one-year period is estimated to be <1 × 10ς4 to 1.6 × 10ς4 (i.e. less than 1 in a 10,000 to 1 in 6,250 

chance). For an individual spending 28 h per week in the proposed development zone the risk of fatality due to 

such an event in the next one-year period is in the 1.67 × 10ς5 to 2.67 × 10ς5 range. The probability of at least one 

lahar event affecting the adjacent valleys in the next one-year is estimated at approximately equal to one. 

However, the lahar hazard impacts are limited to the valleys bordering the site; therefore, the risk to life for 

persons in the proposed development zone is negligible. Lahar hazard may need to be considered for the 

purposes of transit and evacuation. Risk to life from other hazards that may impact the development zone e.g. 

ash cloud surges associated with pyroclastic flows from lava dome collapse, pyroclastic flows and associated ash 

cloud surges from eruption column collapse during explosive eruptions, tephra fall from explosive eruptions and 

volcanic gases, are not considered. For further details refer to Miller et al., (2022). 
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There was a formal request for a statement on volcanic hazard to an area being farmed by Mr Clarence Lee, 

ǿƘƛŎƘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ȊƻƴŜ ± ƛƴ ǘƘŜ ¢ǊŀƴǘΩǎ ŀǊŜŀΦ ! ǇǊƻŦŜǎǎƛƻƴŀƭ ǎǘŀǘŜƳŜƴǘ ƻƴ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ Ǿƻƭcanic impact to 

this area in zone V was written in February 2022 (Ryan and Miller, 2022). The probability of PDC impact for the 

location is estimated to be less than 0.0004 or 4 in 10000 in the next one-year period. The probability of ballistic 

impact is estimated to be less than 0.01% or 1 in 10000 in the next one-year period. The topography in this area 

is such lahars would likely not impact the site as illustrated by the modelled extent of large lahars. 

MVO is currently developing new methods to better assess the current and future risk from natural hazards on 

Montserrat (see section 4.8).  
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4 MVO Monitoring Networks  

4.1 Seismic Monitoring   

The MVO seismic network has continued to perform adequately during this reporting period.  No more posthole 

stations were installed. The upgrade is still on hold pending input from the manufacturers. 

Figure 9 show the data availability for all stations of the MVO network since late February 2021. The plot at the 

bottom shows the sum of the individual normalized data availabilities, which is equivalent to the number of 

stations working. The network has had 9 or 10 working stations throughout the reporting period, with a few 

small outages. 

 

Figure 36: Daily data availability at MVO seismic stations for (a) 2021 and (b) 2022. The plot at the bottom is the sum of the individual 
normalized data availabilities, which is equivalent to the number of stations operating. 

 

4.2 Ground Deformation Monitoring  

4.2.1 Continuous GPS 

The MVO GPS network has overall performed adequately during this reporting period, although one of the 14 

continuous GPS sites (RCHY) and one regional site used as baseline (ANTG, Antigua) were either not functioning 

or experienced significant data outages. GPS data availability and the various malfunctions are described in 

Figure 37 and Table 1 below. 
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Figure 37: Data availability at continuous (HARR to MSS1, with the exception of the temporary SGHT) and campaign (MVO2 to JKBH) GPS 
sites between October 2021 and March 2022. See also Table 1 for details. 

 

GPS upgrade 

Ten new receivers (Septentrio PolarX5) have been purchased, together with ten new antennas (Trimble Zephyr 

Geodetic 3) and accessory equipment, via the MVO-SRC contract. This new equipment is to be deployed at 7 

MVO sites to upgrade the NetRS receivers (models not serviced by the manufacturer Trimble any longer) or 

deficient NetR8 receivers, and provide some spares. While still in progress, after having suffered of delays to 

both the lack of helicopter assistance and the restrictions due to the COVID19 pandemic crisis (now 

solved/lifted), the GPS upgrade is expected to be completed by the end of 2022 (see details in Table 7). 

Table 7 List of sites with issues during the reporting period. The GPS sites highlighted in purple are those with 

uncompleted upgrade, the sites in blue are those already upgraded, and the sites highlighted in grey are co-

maintained with UNAVCO. 

Overall, telemetric access of the MVO cGPS stations has been relatively good during the reporting period. 

Data gathered at the UNAVCO funded sites (RDON, NWBL, RCHY), and at the four stations installed by the 

CALIPSO project (AIRS, GERD, OLVN, TRNT) are normally being transferred daily directly from the station to the 

UNAVCO FTP site, where they are converted into RINEX and made publicly available. They are then downloaded 

from the UNAVCO website in rinex format and are then incorporated in the MVO daily processing, with the other 

stations. However, due to ongoing data transmission issues between Montserrat-USA, the data are currently 

being regularly downloaded (from MVO and from AIRS) and sent manually to UNAVCO. 
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Table 7: List of sites with issues during the reporting period. The GPS sites highlighted in purple are those with uncompleted upgrade, the 
sites in blue are those already upgraded, and the sites highlighted in grey are co-maintained with UNAVCO. 

Station Issue/data outage time-period 

ANTG 

Connection to the site, lost in May 2019, has been re-established in October 2021. Missing 
data has been recovered and reprocessing is in progress. Displacements observed on the data 
which has been reprocessed already are assumed to be linked to the equipment rather than 
tectonic displacements. 

AIRS 

Power issues causing the receiver to power off overnight, decreasing the quality of the daily 
position calculated. 
Data has to be downloaded manually onsite due to data transmission issues between Site-
UNAVCO-MVO. 

FRGR 

Upgrade completed. 
The antenna rod, corroded/eroded, broke in February 2022. Site is off until the monument is 
refurbished. The sliding displacements slightly visible beginning of February 2022 is related to 
the rod failure.   

GERD 
The site was decommissioned by MVO on the 9 September 2019. When possible, MVO will 
build a new site to a suitable location, with UNAVCO still offering support for the GPS 
equipment. 

HARR Upgrade complete. 

HERM 
Upgrade complete. 
Data loss between 31 Oct and 16 November 2021 due to malfunctioning antenna-receiver 
cable. 

MGOD 

Upgrade complete following the installation of a permanent housing (March 2021) 

The original Septentrio receiver (failed on 30 Jun 2020, replaced on the 31 August 2020) needs 
to be sent to manufacturer for repairs 

RCHY The site has been off since 22 July 2019. 

SGH1 
(/SGHT) 

Upgrade completed. Note a temporary site (SGHT) was set up within 2 meters of the original 
monument, and its data has been used to compensate for SGH1 data outage in EW baseline 
calculations (see Figures 13-14). 

SPRI Upgrade complete following the installation of a permanent housing (March 2021). 

SSOU 
Upgrade completed on 2 June 2021 in terms of monument/deployment of receiver and 
antenna. However, data have to be collected onsite, due to the absence of radio or wifi 
connection. 

TRNT 
The site has some power issues. The receiver powers off when lack of sun, hence the smaller 
amount of sub-daily observations leading to a missing or a decrease of the quality of the 
overall daily position calculated. 

WTYD Upgrade complete. 

 

Campaign GPS (eGPS) 
Since February 2010, eight benchmarks are occupied episodically, for a week approximately every second month. 

A short-threaded rod was installed at four stations (NWHT, LGFM, DRYG, BNBY) to facilitate deployment and 

improve data accuracy. An additional site has been added to the Campaign network in October 2020 at Jack Boy 

Hill (JKBH), corresponding to the EDM base site EDJH. 
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4.2.2 GPS Archiving and Processing 

After being downloaded, raw data are converted with the UNAVCO teqc utility into Rinex format, to be processed 

using the GAMIT/GLOBK software suite. A series of MATLAB scripts then read the GAMIT/GLOBK output, apply 

ŎƻǊǊŜŎǘƛƻƴ ŀƴŘ ǊŜƳƻǾŜ ŀ ŎƻƳƳƻƴ ΨǘŜŎǘƻƴƛŎΩ ǘǊŜƴŘΣ ǊƻǘŀǘŜ Ŝach station time-series into a radial, tangential and 

vertical local coordinate frame centred on the volcanic vent, and produce plots as some of those present in this 

report (e.g. Figure 9). 

A collaboration with Dr Sigrun Hreinsdottir (GNS, New Zealand) is currently on-going in order to improve the 

GAMIT/GLOBK GPS position solutions, in particular with a larger and better selection of international reference 

stations.  

¢ƘŜ Dt{ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŎƻƳǇǳǘŜǊ όά¢ƛǘŀƴέύ Ƙŀǎ ōŜŜƴ ƳŀƭŦǳƴŎǘƛƻƴƛƴƎ ŀŦǘŜǊ Ϥмл ȅŜŀǊǎ ƻŦ ǎŜǊǾƛŎŜΣ ŀƴŘ ƛǎ ƛƴ ǘƘŜ 

process of being replaced by one of the more recent computers acquired by MVO for deformation monitoring 

and research.  

Archiving-wise, the loss of the server MVOHV01 in 2019, and the planned decommissioning of VOLCAN01, is 

problematic since it leaves only one server (MVOFLS5) with limited space left to back-up and archive data, and 

archive various works and documents in general. New archiving space (several TB) would be needed to prevent 

loss of data, and if possible, cloud storage space since at the moment all servers are Montserrat based. Following 

network security issues mid-2021, changes made in the MVO network security has also affected permissions on 

MVOFLS5, and restricted the use of this server to archiving space only (vs allowing routine processing). 

4.2.3 EDM 

There were no changes in the EDM network during the reporting period. EDM baselines measured from Jack Boy 

Hill and the MVO are beinƎ ƳŜŀǎǳǊŜŘ ǿƘŜƴ ǘƘŜ ǿŜŀǘƘŜǊ ŀƭƭƻǿǎΣ ŀƴŘ ǘƘŜ 95a ōŀǎŜƭƛƴŜǎ ŦǊƻƳ .ǊƻŘŜǊƛŎƪΩǎ ŀǊŜ 

measured approximately once weekly.  

4.2.4 Tilt  

MVO currently has no operational tiltmeters. It is planned to deploy one tiltmeter with the SPIDER on Galways 

Mountain, which is proving very difficult to access due to weather and logistical problems. MVO has two other 

tiltmeters than can be deployed at seismic stations. The deployment of these will be considered in the seismic 

upgrade. 

4.2.5 Strain  

¢ƘŜ DŜǊŀƭŘΩǎ ǎǘǊŀƛƴƳŜǘŜǊ όD9ύ was decommissioned on 8 September 2019, leaving strain data measured at the 

three CALIPSO stations (OL, AS, TR), Data is transferred to the UNAVCO server and from there to the MVO via 

FTP protocol. A significant amount of data is at the moment missing on the UNAVCO FTP server, however it can 

be ordered from the IRIS repository, where it is backed up. 

The strain data are usually downloaded quasi real-time from the IRIS repository, and plotted onto Webobs via 

Matlab script. Unfortunately, the same communication issue that affects the Calipso GPS sites also affect the 

strainmeters, but the data from the later cannot be downloaded manually i.e. no strain data can be accessed 

currently until the communication issues are resolved (which involves FLOW). 
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4.2.6 GPS, EDM and tiltmeter Spiders stations  

In June and December 2014, in collaboration with the USGS, three additional continuous GPS stations, so-called 

ΨǎǇƛŘŜǊǎΩΣ ƘŀǾŜ ōŜŜƴ ŘŜǇƭƻȅŜŘ ŎƭƻǎŜ ǘƻ ǘƘŜ ǎŎŀǊ όa{{м ŀƴŘ a{¦IύΣ ŀƴŘ ƻƴ /ƘŀƴŎŜΩǎ tŜŀƪ όa{/tύΦ  

Since deployment, there have been issues with MSUH and MSCP, with deteriorated data or no data at all, since 

28 November 2015 and 2 October 2015, for MSUH and MSCP respectively. 

In March 2017, the Spider processing computer failed which caused loss of data between 29 March and 6 April 

2017, when all scripts were recovered. Presently, the data are downloaded onto a Windows virtual machine 

installed in one of the Operations room computers. The data is then copied onto Titan with the rest of the GPS 

data. 

Like for the other GPS stations, the raw data (Ublox ubx format) are converted into rinex format using the teqc 

ǳǘƛƭƛǘȅΣ ǘƻ ōŜ ǇǊƻŎŜǎǎŜŘ ōȅ D!aL¢κD[h.YΦ !ǘ ǘƘŜ ƳƻƳŜƴǘ ǘƘŜ Ψ{ǇƛŘŜǊǎΩ ŀǊŜ ǇǊƻŎŜǎǎŜŘ ǳǎƛƴƎ ŀ ŘƛŦŦŜǊŜƴǘƛŀƭ ƳŜǘƘƻŘ 

with HARR as base station. However, they will be in the future processed using GAMIT/GLOBK in combination 

with the rest of the network, although through a more complex procedure, due to having a different type of 

receiver. 

Finally, it is expected that, once the equipment is available and the weather allows a tiltmeter should be installed 

ǿƛǘƘ ǘƘŜ DŀƭǿŀȅΩǎ ǎǇƛŘŜǊ ǎǘŀǘƛƻƴΦ 

 

4.3 Gas Monitoring  

Instrumentation from both the OpenSO2 and NOVAC scanning networks were destroyed in a bushfire in July 

2020. Work is still ongoing to test the replacement flux monitoring equipment. As a result, SO2 measurements 

occur by helicopter and boat traverses under the plume 2-3 days per week. 

 

4.4 Dome Volume and Geology Monitoring  

4.4.1 Aerial Photogrammetry  

Photogrammetry remains a key component of the Dome volume and deposit mapping. Upgrades to the current 

aerial photography kit are being investigated to improve the workflow and increase the accuracy of the imagery 

collected and derived products.  

4.4.2 AVTIS 

The AVTIS radar instrument is still at MVO awaiting deployment back to Windy Hill following the completion of 

refurbishment works on the housing, power, and telemetry infrastructure a Windy Hill, which is approximately 

сл ҈ ŎƻƳǇƭŜǘŜΦ ²ƻǊƪ ƻƴ ǘƘŜ ǘŜƭŜƳŜǘǊȅ ǊŜǇŜŀǘŜǊ ǎƛǘŜ ŀǘ {ǘ DŜƻǊƎŜΩǎ Iƛƭƭ ƛǎ ŎƻƳǇƭŜǘŜΦ 

4.4.3 Remote Cameras 

The remote camera network is currently operating at 50 % capacity due to continued delays with the installation 

of telemetry links on the eastern side of the island. This means that three of the four Mobotix M16 TR cameras 

acquired in March 2021 have not yet been deployed to their planned sites at Harris Lookout, Perches Mountain 

and adjacent to the MSS1 Spider in the 2010 collapse scar. Consequently, camera coverage of the lava dome and 
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surrounding slopes is restricted to the northwestern (from MVO and Garibaldi Hill) and southern (from Fergus 

Ridge) sectors. No date for completion of the telemetry links is currently available. 

4.4.4 Handheld FLIR Thermal Camera  

The FLIR T650sc handheld thermal imager was sent to KVL Energy in Trinidad for service and repair in September 

2021, and returned at the end of February 2022. The issues that had developed causing incorrect temperatures 

ōŜƛƴƎ ǊŜŎƻǊŘŜŘ ŀƴŘ ǇǊƻōƭŜƳǎ ǿƛǘƘ ǘƘŜ ŎŀƳŜǊŀΩǎ ŀǳǘƻŦƻŎǳǎ ǎȅǎǘŜƳ ƘŀǾŜ ōŜŜƴ ŦƛȄŜŘ ŀƴŘ ǘƘŜ ŎŀƳŜǊŀ ƛǎ ƴƻǿ ƛƴ Ŧǳƭƭ 

working order. 

4.4.5 In-situ Fumarole Monitoring  

Following failure of the tubing that protects the thermocouple cables, another type of tubing was ordered and 
the temperature logger will be redeployed as soon as weather conditions permit safe access to the site on 
DŀƭǿŀȅΩǎ aƻǳƴǘŀƛƴΦ 

 

4.5 Meteorological Monitoring  

MVO currently operate two weather stations (an Onset HOBO RX3000 Remote Monitoring Station at MVO and 

ŀ ŎǳǎǘƻƳƛǎŜŘ /ŀƳǇōŜƭƭ {ŎƛŜƴǘƛŦƛŎ ŀǳǘƻƳŀǘŜŘ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴ ŀǘ {ǘ DŜƻǊƎŜΩǎ Iƛƭƭύ ŀƴŘ ŀ 5ŀǾƛǎ ǎƳŀǊǘ ǎŜƴǎƻǊ rain 

gauge (connected to an Onset HOBO USB Micro Station Řŀǘŀ ƭƻƎƎŜǊύ ŀǘ [ŜŜΩǎ ¸ŀǊŘΦ !ƭƭ ǘƘǊŜŜ ƛƴǎǘǊǳƳŜƴǘǎ ƘŀǾŜ 

operated normally, although the rain gauge ŀǘ [ŜŜΩǎ ¸ŀǊŘ ƛǎ ƻŎŎŀǎƛƻƴŀƭƭȅ ǎǳōƧŜŎǘ ǘƻ ƛƴŦŜǎǘŀǘƛƻƴ ōȅ ŀƴǘǎ. As a result, 

this instrument undergoes regular cleaning and maintenance during each helicopter visit. 

An additional four Davis smart sensor rain gauges and Onset HOBO USB Micro Station data loggers have been 

ordered to expand rainfall monitoring close to the volcano. These instruments will be ŘŜǇƭƻȅŜŘ ǘƻ /ƘŀƴŎŜΩǎ 

{ǘŜǇǎΣ tŜǊŎƘŜΩǎ aƻǳƴǘŀƛƴΣ IŜǊƳƛǘŀƎŜ and either Windy Hill or Harris Lookout. These rain gauges are intended to 

be a short-term solution to the lack of meteorological monitoring at MVO while a more robust and 

comprehensive long-term solution is investigated. 

 

4.6 Infrasonic Monitoring  

No infrasound monitoring has been carried out during the period of this report. New infrasound monitoring 

equipment is to be installed near the end of the seismic upgrade. 

 

4.7 WebObs 

Webobs continues to be the primary source of monitoring information for MVO staff. 

 

4.8 Risk Evaluation  

Interest and enquiries for access to Zone V to undertake resource development, tourism and other activities has 

increased. A comprehensive hazard and risk analysis for new activities / areas needs to be undertaken. Whilst 

this work is currently underway MVO has to respond to existing requests for site-specific / activity-specific risk 
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assessment. Risk assessments undertaken prior to completion of the new volcanic hazard assessment (section 

4.8.1) will be subject to a revised assessment once this activity is complete. 

4.8.1 Revised Volcanic Hazard Assessment for Zone V 

Development of a revised volcanic hazard assessment for SHV is being undertaken in a series of versions, each 

stage building upon the earlier and incorporating updated data and methodologies as they become available. 

This quantitative volcanic hazard assessment will include probabilistic analysis of hazards where possible and will 

generate a range of products including the Hazard Process Map which forms the scientific base layer for a refined 

Hazard Management Map for Zone V that can be used to support operational decisions on activities in this area.  

The first version of the revised Volcanic Hazard Process Map will include pyroclastic flow, ballistics and lahar 

hazards and is being developed for a five-year outlook based on current conditions. A probabilistic approach for 

forecasting pyroclastic density currents from lava dome collapses has been utilised that considers lava dome 

durations as well as extended periods of relative quiescence and was tuned for SHV using the historical database 

(Spiller et al., 2020). Probabilistic modelling of ballistic hazard was undertaken using the computational tool 

MatHaz (Bertin et al., 2019) with physical parameters for the ballistic trajectories taken from observations during 

the recent eruption. For lahar hazard, footprints were calculated using the LaharZ tool (Schilling 1998) which is a 

simple tool for estimating potential lahar inundation zones. The magnitude or volume estimates were calculated 

using discharge rates and durations from seismic signals and the estimated reoccurrence rates come from the 

MVO lahar database (James and Miller, 2020). In subsequent versions of the hazard assessment, additional 

volcanic hazards will be incorporated and if applicable updates to the lahar, pyroclastic and ballistics hazard 

information will also be made. For further details of the lahar and PDC components of the hazard assessment, 

refer to MVO OFR 20-05 and for further details of the ballistics component refer to MVO OFR 21-01. 

During this reporting period the ballistics hazard assessment was refined and finalised. The three hazard layers 

will be combined, characterised and classified during a two-day workshop scheduled for 11 and 12 April 2021. 

Version 1 of the Volcanic Hazard Process Map will be launched and presented to NDPRAC at the meeting on 10 

aŀȅ нлннΦ ¢Ƙƛǎ ƳŜŜǘƛƴƎ Ƙŀǎ ōŜŜƴ ǎŎƘŜŘǳƭŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ b5tw!/Ωǎ ŦƻǊƳŀƭ ǇǊƻŎŜǎǎ ŦƻǊ ŘŜǾŜƭƻǇƳent of the 

refined Zone V classification scheme in order to generate the SHV Hazard Management Map.   

4.8.2 Probabilities from expert elicitation methods  

A review of the event tree for the SAC meeting elicitation process and an assessment of calibration questions for 

elicitation purposes are underway as a collaborative project between Dr Victoria Miller and Dr Eliza Calder.  
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5 MVO Operations 

5.1 Staffing 

Our Education and Outreach Officer requested and was granted an extension of her contract for a further year 

until 28 February 2023. In light of her good performance in this role her request was granted. 

Mr Arvid Ramdeane has been successfully hired as our new software engineer and arrived on Montserrat to take 

up his post in February. Arvid has qualifications in both computer and electrical engineering and extensive 

experience working on software and hardware development for observatory applications. The MVO is therefore 

quite lucky to have recruited Arvid. 

 

5.2 Staff Training, Visits and Conferences  

Lƴ ǇŜǊǎƻƴ ǎǳǇǇƻǊǘ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ƻŦ [ŀ {ƻǳŦǊƛŝǊŜ ƛƴ {ǘΦ ±ƛƴŎŜƴǘ ŎŀƳŜ ǘƻ ŀƴ ŜƴŘ ƛƴ bƻǾŜƳōŜǊΦ aǊ wŀŎǉǳŜƭ Ψ¢ŀǇǇȅΩ 

Syers returned from St. Vincent on 5 November 2021 after a stint supporting the ground deformation monitoring 

effort. Mr Rod Stewart returned from supporting the development of the seismic monitoring system on 12 

November. The end of in-person support comes as there has been no lava extrusion since 22 April 2021 and the 

data from the monitoring network reflected a gradual waning of activity. 

 

5.3 Education and Outreach  

Education and Outreach (E&O) at MVO has continued to provide or support several outreach activities and 

initiatives over the last six months.  

5.3.1 Outreach Activities  

Lƴ hŎǘƻōŜǊ нлнмΣ aƛǎǎ Y wŜǘƻǳǊƴŞ ŎǊŜŀǘŜŘ ŀƴŘ ƭŀǳƴŎƘŜŘ ŀ Ψ²ŀǘŎƘ ŀƴŘ [ŜŀǊƴΩ ǾƛŘŜƻ ǎŜǊƛŜǎ ŦƻǊ ǎƻŎƛŀƭ ƳŜŘƛŀΦ ¢ƘŜ 

first one went out in October and featured a recorded interview with Greg Scott the pilot for Calvin Air who runs 

MVO observation flights and detailed his life flying over volcanoes.  

Following the St Vincent eruption Miss K Retourné also recorded interviews with all the MVO staff who visited 

the country to offer their expertise. These were then split into 5 separate Watch and Learn videos which went 

out throughout January/February 2022 on social platforms: MVO roles/support, First thoughts on the eruption, 

Key monitoring differences, Do staff get nervous around active volcanoes, and the Best parts and biggest 

challenges of their role.  

To date the video series has been seen by more than 50,000 Facebook accounts. It was also sent to all the schools, 

who shared it via WhatsApp to students who were all home learning due to Covid-19 measures. Sections of the 

interviews have been used on the ZJB radio station and NEMO/SRC will be using the St Vincent ones as part of 

the one-year anniversary of the eruption outreach campaign.  

In November MVO took part in the annual Alliouagana Festival of the Word in Montserrat. Miss K Retourné 

requested students who took part in the Mountain Aglow Junior Project to read their poems/songs and these 

were then turned into videos, with volcano/Montserrat footage to illustrate their readings. These were live 

ǎǘǊŜŀƳŜŘ ƻƴ ǘƘŜ ŦŜǎǘƛǾŀƭΩǎ ǎƻŎƛŀƭ ƳŜŘƛŀΣ ŀƴŘ ǘƘŜ ǊŜŎƻǊŘƛƴƎ ǇƭŀȅŜŘ ƻǾŜǊ ǘƘŜ ǊŀŘƛƻΦ bƻǘ ƻƴƭȅ ŘƛŘ ƛǘ ǎƘƻǿŎŀǎŜ ǘƘŜ 

ŎƘƛƭŘǊŜƴΩǎ ŎǊŜŀǘƛǾƛǘȅ ōǳt also provided further awareness of the Mountain Aglow Project. 
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Brades Primary School ς grade K ς visited the MVO in December to learn more about the impact the volcano has 

had on the island.  

On January 2, MVO was again closed to the public following stricter Covid-19 measures. It remained closed until 

February 8th.  

In January, due to changes in volcanic activity it was decided to hold a live press conference on ZJB to detail what 

these changes meant. This was held with Dr G Ryan and Professor J Neuberg, ŀƭƻƴƎǎƛŘŜ aƻƴǘǎŜǊǊŀǘΩǎ ǘƘŜƴ 

Governor Andrew Pearce and Premier Joseph Farrell. Miss K Retourné chaired the conference which allowed 

members of the press to ask questions, as well as statements to be read.  

Later that month, MVO staff Dr G Ryan, Mr R Stewart and Miss K Retourné took part in a Volcano Vibes radio 

show to discuss the current activity status alongside the up-coming Mountain Aglow Junior event. 

aƛǎǎ Y wŜǘƻǳǊƴŞ ŀƴŘ 5Ǌ YΦ tŀǎŎŀƭ ŎƻƴǘƛƴǳŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ ¢ƘŜ Ψ5ƛǎŀǎǘŜǊ tŀǎǎŜŘΚΩ ǇǊƻƧŜŎǘΣ ŀ Ŏƻƭƭŀborative 

project led by Prof. J. Barclay (University of East Anglia, Norwich, UK). 

The Mountain Aglow project documents the Soufrière Hills eruption, celebrates the experiences and creativity 

of the population and raises awareness of volcanic risks.  

The design process was completed and the panels arrived in Montserrat in February. Miss K Retourné then 

arranged two events to take place to showcase not just the two Mountain Aglow exhibits (original and junior), 

but all the students work, too.  

On March 10th all key partners and stakeholders were invited to the unveiling of the Mountain Aglow Junior at 

Montserrat Cultural Centre, there were speeches from MVO, DMCA, Montserrat Art Council, live calypso music 

about the volcano and reflections and readings from the Montserrat primary school students.  The following day 

the exhibition was opened to the public, all the schools attended as well as many members of the public.   

Miss K Retourné then updated the previous video to showcase the project from beginning to end - including 

footage of the events.  

Both exhibits remain on island, and it is intended to be erected at various locations - including all the schools - to 

continue awareness. 

There were 96 visitors to the MVO during this period, substantially lower due to Covid measures and the island 

being closed to visitors. 
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Figure 38: MVO Education & Outreach activities, clockwise from top: Joint press conference on the recent trend in increasing levels of 
ǳƴǊŜǎǘ ŀǘ ǘƘŜ {I±Τ ǘƘŜ a±h ά²ŀǘŎƘ ŀƴŘ [ŜŀǊƴέ ǾƛŘŜƻǎΤ ǘƘŜ aƻǳƴǘŀƛƴ !Ǝƭƻǿ ƧǳƴƛƻǊ ǇǊƻƧŜŎǘΦ 

5.3.2 Social Media  

Facebook remains the major communication channel for MVO. Throughout the six-month reporting period our 

posts had a reach of 135,605 Facebook views. This was down 85 percent. This substantial drop is attributed to 

the fact that in the previous reporting period a video posted on June 2nd (of the helicopter arriving at MVO) 

went viral and hit 808,579 views, therefore significantly increasing the reach figures in the previous period. 

Instagram now has more than 1,000 followers and noted a 32.2 percent increase in post reach during the six-

month period. 

Twitter impressions during Oct ς March were at 940,000 against 160,900 the previous period. 

 

5.4 Helicopter  

CalvinAir helicopters continues to provide approximately weekly support to the MVO which continues to be very 

beneficial to the maintenance of the network and progress of upgrade activities. The extra 20% withholding tax 

ŎƘŀǊƎŜŘ ōȅ Dƻa ŎƻƴǘƛƴǳŜǎ ǘƻ ŎŀǳǎŜ ŀ ΨǇŀǇŜǊΩ ƻǾŜǊǎǇŜƴŘ ƻƴ ƘŜƭƛŎƻpter time and we hope to get the situation 
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regularised either by formally increasing the budget by 20% to be covered by the 20% tax or removing the 20% 

tax. 

 

5.5 Volunteers / PhD students / Visitors  

 

 

5.6 Collaboration and External Projects  

Listed below are all the projects that MVO staff are involved in with external collaborators. 

Project Name  Ground-based radar monitoring of a lava dome (AVTIS) 

People 
Involved  

Dr Dav MacFarlane (St Andrews, UK), Dr Adam J Stinton (MVO) 

Status  2009-Present (Ongoing) 

Project 
Description 

The project is currently focusing on fine-tuning the data acquisition and processing 
workflows. This includes: refining the user interface; development of comprehensive 
documentation; and evaluating the accuracy and quality of the data produced by the 
ƛƴǎǘǊǳƳŜƴǘΦ ¢ƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ŦƻǊ ƳŀǇǇƛƴƎ ǊŀƛƴŦŀƭƭ ŀǊŜ ŀƭǎƻ ōŜƛƴƎ 
investigated. 

  

Project Name  Improving the accuracy of the SHV GPS time series 

People 
Involved  

Dr. S. Hreinsdottir (GNS, New Zealand), Dr K. Pascal (MVO), Dr. N. Fournier (GNS, New 
Zealand) and D. G. Ryan (MVO) 

Status  2017 - present (ongoing) 

Project 
Description 

The project intends to refine the daily GPS data processing with GAMIT/GLOBK, and 
improve SHV daily deformation monitoring and modelling. 

  

Project Name  A method for single- and dual-frequency GPS receivers combined processing 

People 
Involved  

Dr. K. Palamartchouk (University of Newcastle, UK), Dr K. Pascal (MVO) 

Status  2016 ς present (ongoing) 

Project 
Description 

Development of a method to process a network combining both single- and dual-
frequency GPS receivers, such as the SPIDER and GPS continuous sites at MVO. 

  

Project Name  
Modelling and correction of the transient and seasonal variations at SHV continuous 
GPS timeseries 

People 
Involved  

Dr. P. Fang (University of California, USA) and Prof. M. Bevis (University of Ohio, USA) 

Status  2017 ς present (on hold) 

Project 
Description 

This project aims to model the seasonal variation affecting the GPS signal in 
Montserrat and evaluates if it significantly affects the interpretation of SHV 
deformation signal 

  

Project Name  Deformation induced by loading or unloading of SHV edifice 

People 
Involved  

Dr K. Pascal (MVO), Dr. J. Hickey (University of Exeter, UK) and Dr. H. Odbert 

Status  2015 ς present (ongoing) 



MVO OFR 22-02: MVO Six Monthly Report   59 

Project 
Description 

The project aims to isolate, using Finite Elements modelling, of the deformation related 
to the loading or unloading of the edifice throughout the eruption from the 
deformation induced by the magmatic system, and if needed correct it from the GPS 
timeseries 

  

  

Project Name Modelling of the Montserrat geothermal system 

People 
Involved 

Dr Graham A. Ryan, Dr Oshaine Blake, Dr Jared Peacock, Dr Bridget Lynne 

Status 2016 ς present (Ongoing) 

Project 
Description 

Multiparameter modelling of the Montserrat geothermal system including petrological 
and geomechanical results from deep core samples and integration of resistivity, 
gravity and P-wave tomography models.  

  

Project Name 
Neutron activation analysis and gamma ray spectroscopy on a volcanic geothermal 
system 
 

People 
Involved 

Dr Graham A. Ryan, Dr David Williams, Professor Mark Dickinson 

Status 2016 ς present (Ongoing) 

Project 
Description 

Use of Neutron activation analysis and gamma ray spectroscopy to analyse the 
elemental compositions of core samples from the MON-3 geothermal well. 

  

Project Name TOUGH2 modelling of the Montserrat geothermal system 

People 
Involved 

Marijn van den Heuvel, aŀŜƭƭŀ .ǊŜƳŀǳŘΣ aƛƪŜ hΩ{ǳƭƭƛǾŀƴΣ WƻƘƴ hΩ{ǳƭƭƛǾŀn, Joris 
Popineau, Susana Guzman, Michael Gravatt and Graham A. Ryan 

Status 2016 ς present (Ongoing) 

Project 
Description 

Numerical two-phase flow modelling of the Montserrat geothermal system utilising 
novel seismic geothermometry-based boundary conditions and the TOUGH2 two-
phase modelling code. 

  

Project Name Open SO2 Montserrat project 

People 
Involved 

Ben Esse, Mike Burton, Thomas Christopher 

Status 2019- Present 

Project 
Description 

The aim of the Open SO2 Montserrat project is to provide MVO with a robust, real-
time SO2 flux monitoring capacity. 

  

Project Name Development of a UAV for volcano monitoring 

People 
Involved 

Graham A. Ryan, Thomas Christopher, Adam Stinton, Tom Richardson, Emma Liu 

Status 2017 ς present (ongoing) 

Project 
Description 

Development of an Unmanned Aerial Vehicle capable of taking sensor payloads such as 
multigas for the purpose of volcano monitoring. 
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Project Name 
Integration of InSAR and GPS measurements for monitoring tectonic and volcanic 
deformation in the Lesser Antilles 

People 
Involved 

Dr Graham A. Ryan, Dr Ian Hamling, Dr Karen Pascal and Michal Camejo 

Status 2017- present (ongoing) 

Project 
Description 

Use of ALOS-2 PALSAR-2 satellite borne radar imagery to monitor volcanic ground 
deformation in the Lesser Antilles using the InSAR technique in conjunction with 
continuous GPS data as a ground control. 

  

Project Name Green Mining 

People 
Involved 

Dr Graham A. Ryan 
Prof. Jon Blundy FRS, geologist and petrologist at University of Oxford 
Prof. Sir Stephen Sparks FRS, geologist and volcanologist at University of Bristol 

Status 2022- present (ongoing) 

Project 
Description 

Sustainable mining of deep geothermal brines for commercially valuable metals 

  

Project Name Montserrat Volcanic Risk Assessment ς Refinement of Zone V hazard and risk using 
modelling 

People 
Involved 

Dr Victoria Miller (MVO), Dr Eliza Calder (University of Edinburgh, United Kingdom; 
SAC), Ms Davitia James (MVO) 

Status 2017 ς Present (Ongoing) 

Project 
Description 

This project is focused on developing volcanic hazard and risk information for 
Montserrat:  

¶ Event trees for expert elicitation 

¶ Expert elicitation calibration questions 

¶ Development of a revised volcanic hazard process map for Montserrat 

¶ Development of a refined volcanic hazard management map for Zone V 

¶ Stakeholder engagement survey delivered in May 2021 

¶ Stakeholder engagement workshop held 9 June 2021 

¶ Ballistics hazard layer finalised March 2022 

¶ Version 1 of Volcanic Hazard Process Map due to be launched 10 May 2022 

  

Project Name Development of volcanic hazard maps for the Lesser Antilles 

People 
Involved 

Dr Victoria Miller (MVO), Professor Richard Robertson (UWI-SRC), Omari Graham (UWI-
SRC), Professor Jan Lindsay (University of Auckland) 

Status 2017 ς Present (Ongoing) 

Project 
Description 

This project is focused on developing volcanic hazard assessment products for the 
Lesser Antilles region using updated geological information and incorporating best-
practice hazard modelling. In order to update the existing Volcanic Hazard Atlas of the 
Lesser Antilles stakeholder consultation will be undertaken to ensure that the 
outcomes are user-driven with the goal of facilitating uptake and incorporation into 
regional planning:  

¶ PhD student Omari Graham at UWI-SRC has been engaged in the work to 
develop user-focused hazard assessment products 

¶ A stakeholder engagement workshop bringing together disaster managers and 
planners from the countries and territories in the region was scheduled for July 
2020 and has been postponed pending changes to Covid-19 travel restrictions 
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Project Name Development of best-practice engagement protocols for international and local 
scientists working in Low- to Middle- Income Countries  

People 
Involved 

Dr Victoria Miller (MVO), Karen Fontijn (Université Libre de Bruxelles, Belgium), 
Gezahegne Yirgu (Addis Ababa University, Ethipoia), Supriyati Andreastuti (CVGHM, 
Indonesia), Esline Garaebiti Bule (VMGD, Vanuatu), José Luis Palma (University of 
Concepción, Chile), Antonia Bornas (PHIVOLCS, Philippines), Amdemichael Tadesse 
(Universitè libre de Bruxelles, Belgium), Omari Graham (The University of the West 
Indies, Trinidad and Tobago), Claudia Inés Rivera (National Autonomous University of 
Mexico, Mexico), Blas Ureña (Universidad de Costa Rica, Costa Rica), Natalia Pardo 
(Universidad de los Andes, Colombia), Adalbert Syavulisembo Muhindo (Goma Volcano 
Observatory) 

Status 2019 ς Present (Ongoing) 

Project 
Description 

In June 2019 UWI-SRC hosted the international workshop άCƻǎǘŜǊƛƴƎ ŘŜǾŜƭƻǇŜŘ-
ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊȅ ǇŀǊǘƴŜǊǎƘƛǇǎ ŦƻǊ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ Ǝƭƻōŀƭ ǾƻƭŎŀƴƻ ǎŎƛŜƴŎŜΣέ in 
collaboration with IAVCEI-Lb±h[/ όL!±/9LΩǎ ƴŜǿ ƴŜǘǿƻǊƪ ŦƻǊ ǾƻƭŎŀƴƻ ǎŎƛŜƴǘƛǎǘǎ ƛƴ 
Lower to Middle Income Countries ς LMICs; International Network for VOLcanology 
Collaboration). Outputs from the workshop included the development of a draft set of 
best-practice engagement protocols. IAVCEI-INVOLC board is seeking feedback from 
the wider community and developing these for incorporation into official IAVCEI 
guidelines. 

  

Project Name Assessment and development of operational monitoring techniques for volcanoes 

People 
Involved 

Dr Victoria Miller (MVO), Dr Leo Peters (UWI-SRC), Professor Charles Ammon (The 
Pennsylvania State University, United States), Dr Patrick Smith (Dublin Institute for 
Advanced Studies, Republic of Ireland), Emeritus Professor Barry Voight (The 
Pennsylvania State University, United States), Roderick Stewart (MVO), Matthew 
Garthwaite (Geoscience Australia, Australia), Guorong Hu (Geoscience Australia, 
Australia), Steve Saunders (Rabaul Volcano Observatory, Papua New Guinea), Michelle 
Parks (University of Iceland, Iceland), Amy Parker (Curtin University, Australia) 

Status 2017 ς Present (ongoing) 

Project 
Description 

This project is focused on optimising operational volcanic monitoring techniques, 
including constraints such as island settings or resource constrained environments 

¶ Presentation at Cities on Volcanoes 10 (2018) ς άOptimising the focal 
mechanism solution uncertainties from volcano-tectonic earthquakes recorded 
on small-aperture seismic networks: A case study from the Soufrière Hills 
ǾƻƭŎŀƴƻΣ aƻƴǘǎŜǊǊŀǘΦέ 

¶ Publication in Frontiers in Earth Science Geohazards and Georisks (Special topic 
on InSAR), January 2019 ς άA simplified approach to operational InSAR 
monitoring of volcano deformation in low and middle income countries: Case 
ǎǘǳŘȅ ƻŦ wŀōŀǳƭ /ŀƭŘŜǊŀΣ tŀǇǳŀ bŜǿ DǳƛƴŜŀΦέ 

¶ Presentation at IUGG General Assembly (Montreal, Canada), July 2019 ς 
ά.ǊŜŀƪƛƴƎ Řƻǿƴ ōŀǊǊƛŜǊǎ ǘƻ ƻǇŜǊŀǘƛƻƴŀƭ Lƴ{!w ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǾƻƭŎŀƴƻŜǎ ƛƴ 
ǊŜǎƻǳǊŎŜ ŎƻƴǎǘǊŀƛƴŜŘ ǎŜǘǘƛƴƎǎΦέ 

¶ Publication in preparation ς άOptimising the focal mechanism solution 
uncertainties in sparse datasets and heterogeneous environments ς ensuring 
operational and research requirements are metΦέ 

  

Project Name Volcano-tectonic earthquake analysis  
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People 
Involved 

Dr Victoria Miller (MVO), Dr Leo Peters (UWI-SRC), Professor Charles Ammon (The 
Pennsylvania State University, United States), Dr Patrick Smith (Dublin Institute for 
Advanced Studies, Ireland), Emeritus Professor Barry Voight (The Pennsylvania State 
University, United States), Professor Derek Elsworth (The Pennsylvania State 
University, United States), Dr Silvio De Angelis (University of Liverpool, United 
Kingdom) 

Status 2017 ς Present (Ongoing) 

Project 
Description 

This project is focused on developing a better understanding of volcano-tectonic 
earthquake processes through seismic analysis: 
Publication in preparation ς άCharacterising earthquakes at long-lived volcanic 
eruptions: volcano-ǘŜŎǘƻƴƛŎ ΨǎǘǊƛƴƎǎΩ ƻƴ aƻƴǘǎŜǊǊŀǘ ŀƴŘ ǘƘŜƛǊ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ ǾƻƭŎŀƴƛŎ 
activity.έ 

 

5.6 MVO Computer Network  

¢ƘŜ ǳǇƎǊŀŘƛƴƎ ƻŦ a±hΩǎ ŎƻƳǇǳǘŜǊ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƴŜǘǿƻǊƪ ƛǎ ǎǘƛƭƭ ƻƴƎƻƛƴƎΦ  ²Ŝ now have possession of a 

new tower standoff which will be installed during the next reporting period. When the standoff is installed all 

old cabling will be removed from the old tower and new cabling installed and the last of the radios will be moved 

to the new tower. This will further rationalise the communications network and improve the isolation of the 

MVO during electrical storms. 

 

5.7 MVO contract   

The MVO is currently being managed by the Seismic Research Centre of the University of the West Indies under 

a two-year-interim contract which covers the period 01 October 2021 to 30 September 2023. The two-year 

interim contract was put in place to give GoM time to follow the necessary procurement procedures to obtain a 

long-term contract for the running of the MVO. However, the MVO is not aware that much progress has been 

made on this so far. We hope that significant progress is made on this in the near future so that the operation of 

the MVO is not compromised should the current contract lapse once again before a new contract is in place. 

 

5.8 MVO Website 

The website is ready to launch and is waiting on security testing.  
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Appendix A ɀ MVO Monitoring Network Maps  

The Montserrat Volcano Observatory operates a compressive suite of instruments to monitor the activity of the 
Soufriere Hills Volcano, roughly grouped into four main areas of seismicity ground deformation, gas and dome 
volume & geology. The following maps show the location of key instruments for each of the four disciplines. 

More information about the data and instrumentation can be found in the relevant sections of the main body of 
the report. 
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Appendix B ɀ GPS Plots 

 

 

 

Figure B1: Tangential displacements recorded at campaign GPS sites during Pause 5 (Feb. 2010 ς present). The distance station-volcanic 
vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from the data. The dates when 
deformation has been observed in association with VT events are highlighted (red dashed lines). The distance separating the 
gridlines corresponds to 1 cm. See Figure 15 for radial and vertical components. 
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Figure B2: Radial extension relative to the volcanic vent since Jan. 1998. The reporting period is bounded by the two blue lines. The distance 
station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from the data. 
Displacements due to antenna changes have been corrected. The dates during Pause 5 when deformation has been observed in 
association with VT events are highlighted (red dashed lines). The distance separating the gridlines corresponds to 1 cm. 
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Figure B3:Tangential displacements relative to the volcanic vent since January 1998. The reporting period is bounded by the two blue lines. 
The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed 
from the data. Displacements due to antenna changes have been corrected. The dates during Pause 5 when deformation has been 
observed in association with VT events are highlighted (red dashed lines). The distance separating the gridlines corresponds to 1 
cm. 


