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Executive Summary
This report summarises the volcanic activity at the Soufrière Hills Volcano, Montserrat for the period from 1
April to 30 September 2018 (the reporting period), inclusive, including all monitoring and visual observations.
Overall, activity during the reporting period has been low. Seismic activity has consisted of sporadic volcanotectonic (VT) earthquakes, sometimes in strings or brief swarms. Low-frequency seismicity has been completely
absent, while rockfall activity has continued at a very low level. A total of seven VT strings, of varying length
and intensity, occurred during the reporting period, bringing the total number of such strings since November
2007 to 105. None of the strings in this reporting period were associated with any observable changes in SO2
flux, fumarole activity or the occurrence of ash venting.
Ground deformation continued to show slow radial inflation similar to that during previous pauses in activity.
The GPS stations closest to the lava dome show little to no horizontal deformation, while stations further away
show a radial extension from the dome, at a slow rate of up to approximately 1 cm/yr. All GPS stations show a
vertical upward movement. This is consistent with the continuation of the pause in volcanic activity and the
long-term inflation of both the volcanic edifice and the island.
The new SO2 gas-monitoring network has been operational and collecting data since it was installed in June
2017. The data are still being analysed using different wind data sources, but during the period June 2017 to
September 2018 the network gave average daily SO2 flux values of around 450-500 T/day. These values are not
yet being routinely reported by MVO, but are consistent with fluxes recorded by the DOAS network before it
failed in 2015. SO2 flux measurements derived from helicopter traverses through the plume have been included
in the MVO weekly reports, and gave an average flux of 280 T/day for the same period, slightly lower than the
values derived from the new DOAS network.
There have been no significant changes to the dome or fumarole activity. Weathering and heavy rainfall
continue to generate occasional rockfalls from the heavily fractured steep slopes located in the 2010 collapse
scar and at the head of the Tar River valley. Strong fumaroles continue to be active in the 2010 collapse scar, in
the cliff on the Tar River flank and on the summit of the lava dome. Despite variations caused by local
atmospheric conditions, some fumaroles remain very hot, with temperatures of over 400 °C measured in the
current reporting period. Such high temperatures have been recorded since the end of Phase 5 in February
2010.
The pause in lava extrusion that started on 11 February 2010 continues and is now more than 103 months long
as of 30 September 2018. This prolonged period of persistent low-level unrest, (i.e., continued inflation,
sporadic seismicity and persistent de-gassing) clearly demonstrates that the magmatic system has not shut
down. Thus, the potential for a restart remains. Consequently, MVO continues to hold the view that little has
changed in regards to the Hazard and Risk posed by the Soufriere Hills volcano at this time.
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1 Volcanic Activity for the Period 1 April to 30 September 2018
1.1 Summary
Figure 1 below summarises the daily seismicity, GPS and SO2 flux for the period 1 April to 30 September 2018.

Figure 1. Seismic, GPS and SO2 monitoring data for the period 1 April 2018 to 30 Sep 2018. Top: Number of volcanic earthquakes
detected and recorded by the seismic network. Middle: Displacement of cGPS station GERD radially away from the SHV vent (GAMIT
processing). Bottom: Daily SO2 flux derived from the new DOAS network (blue) and helicopter traverses through the plume (black).

Activity has remained low during the reporting period, with seismicity dominated by volcano-tectonic (VT)
earthquakes and occasional rockfalls (RFs).
The trend of occasional bursts of VT seismicity in the form of VT strings or brief swarms has continued during
this reporting period. A total of seven VT strings, of varying length and intensity, occurred during the reporting
period, bringing the total number since November 2007 to 105 (see Section 1.2.5 VT Strings). The most intense
VT string occurred on 13 July 2018 with one of the events having magnitude ML3.5. None of the strings were
associated with any observable changes in SO2 flux, fumarole activity or the occurrence of ash venting.
Ground deformation shows a continuation of the long-term inflation seen since the end of Phase 5 in 2010. SO2
flux, as measured by the DOAS network and helicopter traverses, has been consistently above 200 tonnes/day.
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1.2 Seismic Activity
1.2.1 Summary
The level of seismic activity recorded at SHV during this reporting period has remained very low.
Figure 2 displays the daily counts of the different volcanic earthquake types for the period 1 April to 30
September 2018 inclusive and shows that the pattern of sporadic VT earthquakes and occasional rockfalls has
continued. VT earthquakes made up the vast majority of the total seismicity.
A further seven VT strings occurred during this reporting period, with the most intense in terms of energy and
earthquake magnitude (max ML3.5) being that on 13 July 2018, and in terms of earthquake numbers (10
events) on 27 July 2018.
Low-frequency seismicity has been absent, with no hybrid or low-frequency earthquakes recorded during this
period. This pattern remains fairly typical of a pause in lava extrusion, although the level of activity in the last
few months is below that seen during previous pauses.

1.2.2 Current levels of seismicity
The total counts and mean daily event rate for each event type are given in Table 1. Total number of events
and mean daily event rates for each earthquake type during (a) the whole of Pause 5 (since 11 Feb 2010) and
(b) the period covered by this report (01 Apr 2018 to 30 Sep 2018). Counts for both the whole reporting period
and for the period since the end of Phase 5 are shown.
Rockfall activity has been low, in keeping with the declining trend over the last few years as the dome has
stabilised (see Figure 2 and Figure 6). Low-frequency seismicity has been absent.
A further seven VT strings occurred during this reporting period (see Section 1.2.5 VT Strings), but despite this
the mean daily rate of VTs for the last 6 months, 0.42, is slightly below the average across the whole of the
current pause of 0.62 (Table 1). However, this value of 0.42 per day is an increase on the value for the previous
6 months reporting period (01-Oct-2017 to 31-Mar-2018) of 0.23 per day.
Figure 4 displays the hypocentres of all VT earthquakes recorded by the MVO network during the reporting
period that were able to be located, alongside a plot of their focal mechanisms (Figure 5) showing the range of
fault-plane orientations. The focal mechanisms were calculated using FPFIT (Reasenberg & Oppenheimer,
1985) and only those with high-quality, well-constrained solutions are shown. The hypocentres are subject to
the usual errors and network biases but are consistent with all recent VT seismicity at SHV. They are clustered
within a comparatively small seismogenic volume beneath the dome and the 2010 collapse scar at depths
between 0.5 and 4km. There are a few more events located to the N or NW of the volcano at slightly greater
distances, but this is likely to be a consequence of fewer picks due to station outages and timing problems
during early 2018 and hence larger spatial errors in the hypocentres. The observation of a trend towards
increasing VT hypocenter depths over recent years is discussed in more detail in Appendix A: Trends in VT
earthquake with the latest data from 2018 presenting a mixed picture.
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, even if the rates for this reporting period are somewhat lower, indicative of the continuing
general trend of a decline in overall seismicity rates (of all types).
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(a) Pause 5 (since 11-Feb-2010)
Total
Events/Day
107
0.03
139
0.04
97
0.03
1662
0.53
1943
0.62

Event Type
LP/Rockfall
Hybrid
LP
Rockfall
VT
Total

3948

(b) 01-Apr-2018– 30-Sep-2018
Total
Events/Day
0
0.00
0
0.00
0
0.00
8
0.04
77
0.42

1.25

85

0.47

Table 1. Total number of events and mean daily event rates for each earthquake type during (a) the whole of Pause 5 (since 11 Feb
2010) and (b) the period covered by this report (01 Apr 2018 to 30 Sep 2018)

Event
Type
LPRFs
Hybrid
LP
RF
VT
Total

Pause 1
Events
Total
/Day
44
0.07
627
1.00
273
0.44
6336
10.11
3689
5.88

Pause 2
Events
Total
/Day
2
0.00
1696
2.72
145
0.23
257
0.41
256
0.41

Pause 3
Events
Total
/Day
34
0.07
393
0.82
1458
3.02
454
0.94
432
0.89

Pause 4a
Events
Total
/Day
31
0.54
78
1.37
74
1.30
153
2.68
84
1.47

10969

2359

2797

420

17.49

3.78

5.80

7.36

Pause 4b
Events
Total
/Day
12
0.04
2
0.01
12
0.04
174
0.64
172
0.63
372

1.36

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-Mar-1998 to 27-Nov-1999, Pause 2: 01-Aug-2003 to 15-Apr-2005, Pause 3: 04-Apr2007 to 29-Jul-2008, Pause 4a: 14-Oct-2008 to 10-Dec 2008 and Pause 4b: 04-Jan-2009 to 04-Oct 2009

1.2.3 VT energy release
Analysis of earthquake numbers alone may be misleading as it does not consider the amount or the rate of
energy released since the size of the earthquakes are not taken into account. Figure 7 shows an estimate of the
cumulative VT energy calculated from the local magnitudes using the following equation:
𝑙𝑜𝑔𝐸0 = 1.5𝑀𝑊 + 11.8

(1)

(Gutenberg-Richter magnitude-energy relation). This method to estimate total VT earthquake energy should be
more robust than relying on amplitude measurements at single stations, with the impact of site effects and
data gaps etc. minimised.
Figure 7 highlights the distinct seismic gap (in both VT energy and numbers) that occurred for several months
following the 23 March 2012 episode. A similar, but shorter, gap occurred following the 08 March 2014 activity,
with very little VT energy released between 08 March and June 2014. In the 4-5 years since then, the energy
release rate has remained roughly constant, with numerous smaller VT strings occurring during this time.
This figure also shows that although the VT string occurring on 13 July 2018 was the largest in this reporting
period (see Table 3) it was comparatively insignificant, releasing at least an order of magnitude less energy
than those in March 2012 and March 2014.
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Figure 2. Daily counts of the different earthquake types recorded by the MVO network between 1 April 2018 and 30 September 2018.
The total count of all event types is shown at the top, followed by individual counts for VTs, Rockfalls, Hybrids, LP events and
LP/Rockfalls. The seven VT “strings” to have occurred during this period are marked by the red stars on the VT plot.
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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
30 September 2018. 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. VT “strings” are marked by the red stars on the VT plot.
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Figure 4. Hypocentres of located VT earthquakes recorded by the MVO seismic network during the reporting period: i.e. between 1
April 2018 and 30 September 2018 (76 events of the 77 total). The size of each circle is a function of the earthquake magnitude and the
lower panel displays the depths as a function of time.
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Figure 5. Fault-plane solutions of located VT earthquakes recorded by the MVO seismic network between 1 April 2018 and 30
September 2018 (48 events of the 77 total). The focal mechanisms shown were calculated using FPFIT within SEISAN, with only well
constrained ‘A’ quality solutions shown on the plot. The lower panel displays the depths as a function of time.
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Figure 6. Daily counts of rockfall events since the end of Phase 5, i.e. from 12 February 2010 until 30 September 2018. The red line
represents a 60-day moving average, and the green a 60-day low-pass filter of the daily event counts. The plot shows an overall
declining trend, with possibly some small seasonal variation.

Figure 7. VT earthquakes recorded at SHV since the end of Phase 5. The blue histogram shows daily counts of VT earthquakes, with VT
strings marked by red stars. Approximate cumulative VT energy release (calculated from magnitudes using Equation (1)) is shown by the
green line. Note the total energy release of around 487 GJ during this period is approximately equivalent to a single M4.6 earthquake.
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1.2.4 VT focal mechanisms: p-axes and fault-classification
The map in Figure 5 is perhaps not the clearest way of showing the focal mechanisms as the solutions can be
obscured if many events are plotted together, so alternative ways of presenting the VT focal mechanism data
are considered here.
The orientation of the azimuth of the p-axis of earthquake focal mechanisms is often taken as a proxy for the
direction of the maximum compressive stress (σ1). The left-hand panel in the rose diagram (Figure 8) shows
that there is predominance towards a trend of roughly NE-SW strike if all events in the current Pause period
are analysed. The most recent data taken from only this reporting period show a pattern dominated by strikes
orthogonal to this, although the very low sample size means this observation should be interpreted with
caution.

Figure 8. Rose diagrams showing the distribution of the P-axis strike (azimuth) of the focal mechanisms obtained for VT earthquakes
occurring during: left) post-Phase 5 (12-Feb-2010 to 30-Sep-2018) and right) the current reporting period (01-Apr-2018 to 30-Sep-2018)

There is clearly a range of fault-orientations present in the focal mechanisms, so to assess whether there is a
systematic distribution, the focal mechanisms were classified by the fault-type associated with each. This was
achieved using the python script FMC.py (Álvarez-Gómez, 2014) which classifies the earthquake focal
mechanisms into seven categories of fault as shown in the ternary diagram in Figure 9. This scheme goes
beyond the three basic Andersonian regimes: normal, reverse and strike-slip by including several additional
oblique slip regimes.
The results of the classification for the MVO VT earthquake catalogue are shown in Figure 10, showing ternary
diagrams of the VT earthquake fault mechanisms for the period since Phase 5, and also for the current
reporting period. Histograms showing the distribution between the fault classes are also shown. There is clearly
a broad range of fault-types, with no particular faulting regime dominating the results, although for the larger
event catalogue there is perhaps a slight bias towards strike-slip fault mechanisms. This method of displaying
the focal mechanism data is planned to be developed further for future reports, in order to assess whether
there is useful information to be gleaned on the stress conditions at SHV.

9

Figure 9. Ternary diagram showing the 7 classes in the fault-classification scheme used in the FMC.py python script. Taken from Figure
4.2 of Álvarez-Gómez, (2014).

Figure 10. Distributions of VT earthquake focal mechanisms in terms of fault classes. The top two plots show ternary diagrams of the VT
focal mechanisms separated into 7 fault classes, while histograms of the distributions are shown in the lower panels. The left-hand side
covers the period since Phase 5 (12-Feb-2010 to 30-Sep-2018), and the right-hand side the current reporting period (01-Apr-2018 to 30Sep-2018). Based on high-quality solutions calculated using FPFIT, classified using FMC.py (Álvarez-Gómez, 2014).
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1.2.5 VT Strings
As discussed in previous reports, VT strings, defined as short intense swarms of VT earthquakes (sometimes
referred to elsewhere in the literature as ‘Spasmodic bursts’), have become a relatively common phenomenon
at SHV since they were first identified in 2007 (see Figure 11 and-Figure 16). Table 3 lists the details of seven
more such strings that occurred during this reporting period. The data in this table and Figure 11 and Figure 16
show that the string occurring on 13 July 2018 was the most significant in terms of energy release, with the
others being much less energetic. However, no significant short-term strain transient was observed coincident
with this seismicity (Figure 11), unlike for some of the previous higher energy VT strings.
It should be noted that the “Triggering VTs” column in Table 3 only contains earthquakes large enough to
trigger the automatic event detection algorithm (which can be subjective if the event rate is high and several
events are manually “cut out” from a single waveform file). 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.

Date / Time (UTC) Triggering
VTs

Located Manual count
VTs
VTs

Approximate
duration
(minutes)

Max. Local
Magnitude, ML

Approx.
Energy (GJ)

1

09-Jun-2018
09:30:50

2

2

12

7.9

1.9

0.05

2

30-Jun-2018
07:19:32

3

3

4

2.9

2.2

0.27

3

13-Jul-2018
12:21:07

2

2

3

1.6

3.5

11.40

4

26-Jul-2018
17:34:07

3

3

3

2.0

2.5

0.38

5

27-Jul-2018
13:36:58

10

10

29

27.0

2.7

1.98

6

10-Sep-2018
07:40:25

4

3

13

1.7

1.1

0.01

7

16-Sep-2018
14:52:59

3

3

9

27.5

1.8

0.05

Table 3. Table listing the VT Strings observed at SHV between 1 April 2018 and 30 September 2018. The table lists the date and onset
time of the first earthquake of the string, the number of VT events that 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, and the approximate total energy of all the earthquakes in the string.

The relationship between VT strings and surface activity has been discussed in previous reports, where it has
been asserted that there is evidence of a positive correlation between the occurrence of VTs, particularly VT
strings, and increased SO2 output. As there is now more than a year of SO2 flux data available from the new
DOAS network, as well as the ad hoc traverse data, this new data is plotted alongside the VT seismicity in
Figure 12. The limited evidence of events during this reporting period is inconclusive, and although it does not
appear to contradict the pattern, the SO2 flux does not respond significantly to any of the small VT strings that
occurred.
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Figure 11. Seismic and strain data from the VT string on 13-Jul-2018. The top plot shows the vertical component seismogram from
station MBLY. The lower two plots show the 50Hz and 1Hz strain data recorded at available CALIPSO station TRNT (Trant’s). Strain data
amplitudes corrected to units of nanostrain. No filtering was applied, but the mean was subtracted from the data shown in the plots.
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Figure 13 shows the relationship in more detail for the last 18 months or so since the installation of the new
DOAS network, and suggests there may be some broad correlation between the VT seismicity and SO2 flux. This
indicates that a more detailed and formal study of the correlation between the seismicity and gas output is
perhaps required.
None of the strings that occurred during this reporting period were followed by subsequent tremor signals or
any other observable activity or changes at the surface. The total number of VT strings identified between
November 2007 and the end of this reporting period now stands at 105, with only 17 (≈15%) of these directly
preceding observable surface activity.

Figure 12. SO2 flux and VT earthquakes since the end of Phase 5. Top: Daily SO2 flux (DOAS), with 7-day median filter shown in green.
Red circles show SO2 data from helicopter traverses. Note the clipped value of 4594 T on 26 March 2012, indicated by the red star.
Bottom: daily counts of VT earthquakes, with VT strings marked by red stars. The red line represents a 60-day median filter and the
green line a 60-day low-pass filter. Note that some values are clipped to show the trend.
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Figure 13. SO2 flux and VT earthquakes for the last 18 months since the installation of the new DOAS network. Top: Daily SO2 flux with
7-day median filter shown in green. Red circles show SO2 data from helicopter traverses. Red dashed lines indicate VT strings. Bottom:
daily counts of VT earthquakes, with VT strings marked by red stars. The red line represents a 60-day median filter and the green line a
60-day low-pass filter. Note the log scale on the y-axis.

Figure 14. Stem plot showing the number of triggered VT earthquakes in each VT string. Filled white circles represent strings that
preceded observable surface activity. The blue line on the right-hand axis represents the cumulative VT energy release for the same
period (including both VT string and non-string VT earthquakes)
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Figure 15. Stem plot showing the durations in minutes of all VT strings since first identified in Nov 2007. Filled white circles represent
strings that preceded observable surface activity.

Figure 16. Stem plots showing individual energy estimates for all VT strings (from a summation of the earthquake energies derived from
magnitudes). The lower plot shows the cumulative string energy converted back to a total or pseudo-magnitude for each string –
equivalent to plotting the energy on a log scale.
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1.3 Ground Deformation
There was no significant change in the deformation pattern observed between 01 Apr 2018 and 30 Sep 2018,
relative to the previous report (01 Oct 2017 to 31 Mar 2018) or overall since the beginning of Pause 5 (Feb
2010). The long-term inflation of the edifice/island is consistent with the continuation of the pause in volcanic
activity and pressurization of the magmatic system, although its rate has been decreasing since the beginning
of Pause 5. Lengthening of some of the EDM baselines since March 2012, could also indicate a slow
depressurization of the upper volcanic system. None of the VT strings that occurred during the reporting period
were reflected in the GPS and strain signals.

1.3.1 GPS
The time series observed at the continuous GPS stations are plotted for Oct 2016 to Sep 2018 (Figure 19) and
for Pause 5 (Feb 2010 – present, Figure 20 - Figure 22), and the time series observed at the campaign GPS sites
are plotted for Pause 5 (Figure 23). The entire dataset (1998-present) is also given in Appendix B: Additional
GPS Plots.
The GPS timeseries recorded at the GPS stations close to the dome (e.g. HERM, SPRI, FRGR or NWHT, LGRD,
LGFM) show no or very small horizontal deformation, while the stations further away show a slow radial
displacement away from the dome. None of the stations show significant tangential displacements. Although
the vertical component is more scattered, all stations on island show an upward movement, with the exception
of the spider station (see Section 1.3.2 Spider stations )
During Pause 5, significant displacements have been recorded at close-field GPS stations in correlation with
strong events e.g. the ash venting event in Mar 2012 (Figure 20). However, no such displacements were
recorded at the GPS sites in correlation to the 7 minor VT strings that took place during the reporting period.
A comparison of the GPS horizontal velocities corresponding to Pause 5, to the last 1.5 years (since Apr 2017)
and to last year (Oct. 2017 - present) shows that for the three time-periods (Figure 24), the direction of
horizontal deformation at the closest stations, located on the flanks of the volcano, are variable and their
amplitudes small if not negligible. In contrast, the far-field stations and, for Pause 5, the campaign sites closer
to the coast (BNBY, BROD, DRYG), show a clear radial displacement pattern away from the dome (indicated by
a yellow star). For the far-field continuous stations, the radial extension rates since April 2017 are up to ≈4-5
mm/yr and are significantly lower than the rate for the entire Pause 5. Figure 25 shows that the deformation
rates were the highest during 2010-2012, remained similar during 2012-2016, and have decreased since 2016.
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Figure 17. Radial extension relative to the volcanic vent since the 1st Oct. 2016. 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 strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar
2012, 8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the gridlines
corresponds to a displacement of 1 cm.
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Figure 18. Tangential displacements relative to the volcanic vent since the 1st Oct. 2016. 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 strongest VT events (27 th Oct 2010, 09th Jul
2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the
gridlines corresponds to a displacement of 1 cm
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Figure 19. Vertical displacements observed since the 1st Oct. 2016. 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 strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012, 8th
Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the gridlines corresponds to a
displacement of 1 cm
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Figure 20. Radial extension relative to the volcanic vent for Pause 5 (Feb. 2010-Oct. 2018). 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 strongest VT events (27 th Oct 2010, 09th Jul
2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the
gridlines corresponds to a displacement of 1 cm.
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Figure 21. Tangential displacements relative to the volcanic vent for Pause 5 (Feb. 2010-Oct. 2018). 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 strongest VT events (27th
Oct. 2010, 09th Jul. 2011, 22nd Mar. 2012, 8th Mar. 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The
distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure 22. Vertical displacements for Pause 5 (Feb. 2010- Oct 2018). 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 strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012,
8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the gridlines corresponds to
a displacement of 1 cm.
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Figure 23. Radial (top) and Vertical (bottom) displacements recorded at campaign sites during Pause 5 (Feb. 2010- Oct 2018). 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. The strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012,
8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the gridlines corresponds to
a displacement of 1 cm. See Appendix B: Additional GPS Plots, for tangential displacements.
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Figure 24. 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), for Apr 2017 - Sep 2018 (red), and for the last
year (blue). Continuous and campaign sites are indicated with red and black names, 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 25. Comparison of horizontal velocities observed at the MVO GPS stations during Pause 5 (Feb 2010 - present) by steps of 2
years. Horizontal Velocities are calculated relative to the Caribbean tectonic plate velocity model. When lacking a significant amount of
data over one of the periods studied, the station is omitted. The yellow star marks the position of the dome.
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Figure 26. Comparison of vertical and horizontal velocities observed at the MVO GPS stations during 2014-2016 (left) and 2016-2018
(right). The velocities are calculated relative to the Caribbean tectonic plate velocity model. When lacking a significant amount of data
over one of the periods studied, the station is omitted. The yellow star marks the position of the dome.

1.3.2 Spider stations
Of the ‘Spider’ continuous GPS stations deployed in June 2014, only MSS1 (Scar) has been functioning during
the reporting period (Figure 17 to Figure 22). The entire ‘Spider’ GPS station dataset, including MSUH (Upper
Hermitage) and MSCP (Chance’s Peak) is also given in Appendix B: Additional GPS Plots.
Because of the contrast they offer compared to close continuous stations, the displacements recorded at MSS1
(to the North and down) are likely not volcanic, but probably related to the spider settling down (as for MSUH
and MSCP in the past). However, because of its proximity to the scar, there is still a possibility that MSS1 data
shows a local deformation pattern.

1.3.3 EDM
A map of the EDM baselines measured since February 2010 is given in Figure 27 (filled black circles). EDM
measurements provide data on the near-field deformation of the volcano. In Figure 28, the slant distance
changes recorded over the EDM network are represented for Pause 5 and for the reporting period.
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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 – EDUB and EDBR - EDWR). No such
displacements have been observed in relation of the 7 small VT strings that occurred during the reporting
period. Since March 2012, an on-going lengthening (~2 cm) of the SW baselines and of the NE baseline (EDJH –
EDHE), indicating a compression of the upper volcanic system. The NE baseline deformation is consistent with
the displacement toward the dome observed at HERM GPS site (same location as EDHE EDM site see Figure
24).
Three horizontal GPS baseline variations measured between continuous stations, across the edifice and across
the island (Figure 27), are also represented for April to September 2018 and for Pause 5 (Figure 29).
During Pause 5, the step in the horizontal time-series occurring in relation with the Mar 2012 ash venting event
is visible on all baselines involving close-field stations. The on-going radial deformation is visible on all baselines
(Figure 29, bottom). However, during the last 6 months, it is difficult to detect any deformation pattern, due to
the scatter of the data. No significant displacement in association with the VT strings is visible.

1.3.4. Strain
As described in Section 1.2.5 VT Strings, no strain data were recorded in relation to the seven VT strings
observed during the reporting period. Although strain measurements during the entire reporting period need
to be studied for confirmation, it is unlikely than any significant deformation was recorded in relation to
smaller seismic events.
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Figure 27. 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 Figure 28 and Figure 29.
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Figure 28. Slant length variations (m) of the EDM baselines during the reporting period (5 upper panels) and during Pause 5 (5 bottom
panels). See Figure 27 for network map. The strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul
2017, 31st Jan 2018) have been highlighted (red dashed line).
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Figure 29.Horizontal length variations (m) of several pairs of cGPS stations during the reporting period (3 upper panels) and during
Pause 5 (3 bottom panels) See Figure 27 for network map. The strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012, 8th Mar
2014, 27th Jul. 2017, 31st Jan 2018) have been highlighted (red dashed lines).
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1.4 Gas
1.4.1 Sulfur Dioxide (SO2) Flux
The SO2 network went online on 26 June 2017 and has been operational and collecting data ever since.
However, data from this network has not been presented before now. Thus, this SO2 degassing report focuses
on the data collected from the period from 26 June 2017 to 30 September 2018. The data is processed using
two sources of wind data, the first source is a weather station at St Georges Hill and the other set of wind data
is obtained from the airport control tower. Network data generated from both wind sources are presented in
this report. Traverses under the plume are done once a week and have been going on since May 2017 thus
there is considerable overlap with the network data. It must be noted that the initial network data was
generated using wind from the airport until the weather station came online on 21 November 2017 after which
both sources were used. The wind data for the traverses is collected during the helicopter flight. The scanners
are programmed to operate from 8am to 5pm on a daily basis while the helicopter traverses take place during
a half hour time slot. Therefore, the network is normally looking at a bigger time window than the traverses.
Overall the UV network has generated flux data for 260 days out of a possible 461 (≈56 % retrieval).
The daily mean and ranges for the three SO2 flux timeseries are given in Table 4. The first thing that stands out
is the wider range of flux values obtained using the airport wind compared to that of the weather station and
the traverse fluxes. Calculated SO2 flux values are quite sensitive to wind speed and hence the difference in
wind speed and to a lesser extent direction would be the reason for the observed discrepancy between the two
data sets from the network, since they are calculated from the same spectra. It must however be noted that
the daily fluxes <157 t/d generated from the airport wind occurred before the weather station came online in
November 2017. The discrepancy with the traverse and network data could be attributed to the low frequency
of traverse measurements and also the wind data. The difference is more obvious in the daily mean flux values
presented in Table 4.
UV scanner AP
UV scanner SG
TRAV

High
1233
960
726

Low
102
157
112

Daily Mean
505
443
280

n
260
180
46

Table 4. Range and mean flux values for the UV network and traverse runs. AP – airport wind and SG – St George’s weather station. All
values are in t/d

Paying attention to absolute values in a SO2 time series has limited value, what is relevant in a time series of
SO2 flux is relative change and trends, the duration and slope of the said trends are also relevant. It can be
seen in Figure 30 that the relative changes in the two network datasets are similar regardless of the offset
present which we already attributed to differences in windspeed. It can also be argued that the traverse data
also reacted similar to the network data until around June 2018 (Figure 30).
What is not obvious in Figure 30 is the rate of change of the SO2 degassing, for this a cumulative plot (Figure
31) would be more useful. What we can see is that so far for the year there have been three changes in the
SO2 degassing rate with the approximate dates noted in Figure 31. The causes and relevance of these changes
will not be discussed in this report however is it safe to say that since early-mid May 2018, the SO2 degassing
rate is the highest since the start of 2018, this includes most of the last 6 months which is the period covered
by this open file report.
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Figure 30. Line and scatter plot of mean daily SO2 flux values obtained from the network (using two wind sources) and helicopter
traverses. A - Airport, SG – St Georges Hill, T - Traverse
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Figure 31. Cumulative plot of network SO2 daily flux values using both wind sources. A - Airport, SG – St Georges Hill
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1.4.2 Sulfur Dioxide (SO2) Diffusion Tubes
MVO maintains a network of SO2 diffusion tubes across Montserrat. Results are calculated from three tubes
per site, with average concentration results taken from a four-week exposure time period.
Figure 32 Shows the average concentration of SO2 from tubes collected at different locations around the island.
Most of the stations to the north of the island frequently record measurements that are below the reporting
limit, which is <0.4ppb, while the site at Chances Peak has always been diluted. The results continue to show an
overall decrease in concentrations at all sites.

Figure 32. Monitored SO2 tube concentrations (ppb) for all sites from March 2010 to August 2018.
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Figure 33. The annual mean SO2 concentration (ppb) from tubes at six locations.

Figure 33 shows a comparison of SO2 concentration to that of The United States National Ambient Air Quality
Standards, which has an annual limit of 30 ppb. All stations shown in the plot continue to show levels below
the 30ppb threshold, with most showing a further decrease thus far in 2018, compared to the past few years.

1.5 Dome Volume and Geology
1.5.1 Dome Volume
There has been no extrusion of lava since the end of Phase 5 on 11 February 2010, meaning there has been no
increase in the dome volume. However, minor rockfall (RF) activity has continued. During the current
reporting period there have been no pyroclastic flows; the last recorded pyroclastic flow was on 29 September
2012.

1.5.2 Dome Morphology
With no extrusion occurring since 11 February 2010, the lava dome has undergone very little change.
Throughout the reporting period, observations were made on only parts of the lava dome due to persistent
cloud cover. Weather conditions on 27 June 2018 permitted observation of the 2010 collapse scar and the
eastern part of the lava dome. Overall, there was little sign of any significant change to the lava dome. Large
fractures continue to be observed in the steep cliff in the Tar River (east) flank of the dome, with some
accumulation of large (up to decametre scale) blocks at the base of the cliff. The western half of the dome
(including summit crater) remained obscured by cloud cover.
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1.5.3 Rockfall Activity
Figure 34 shows the daily and cumulative rockfall (RF) counts for the period 1 January 2015 to 30 September
2018. The long-term trend of low rockfall activity has continued, with a total of 7 RFs detected by the seismic
network during the current reporting period. Seasonal variations in RF count are visible in Figure 34, and have
been reported in previous MVO activity reports.
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Figure 34. Daily and cumulative RF counts detected by the MVO seismic network for the period 1 January 2015 to 30 September 2018.
Plot shows the seasonal variation in activity that has been present since the end of extrusion in February 2010.

1.5.4 Fumarole Temperatures
When weather conditions permit, fumarole temperatures are measured using a FLIR T650sc handheld thermal
IR camera during helicopter observation flights. Thermal images are acquired of various fumaroles and gas
vents located on and adjacent to the lava dome. The primary features imaged are located in the floor and rear
headwall of the 2010 collapse scar and in the cliff at the head of the Tar River. Fumaroles located on the
summit of the lava dome are also imaged, but only when there is little to no cloud on the volcano. As a result,
weather conditions prevent images from being collected on a regular basis. Table 5 lists the dates between 1
April and 30 September 2018 when thermal images could be collected. Due to cloudy weather conditions, it
was only possible to image some of the fumarole features on and adjacent to the dome on two occasions,
although on each occasion it remained too cloudy to take images of the summit fumaroles. In addition to the
fumaroles covered in previous reports, a fumarole near Tar River Cliff (named Tar River Rim) was imaged for
the first time, and a new fumarole was discovered in Tuitt’s Ghaut.
The temperatures listed in Table 5 are derived from the thermal images after basic corrections for atmospheric
temperature, relative humidity and distance from the helicopter to the fumarole are applied. There are several
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factors that affect the temperatures recorded by the thermal images; the three listed previously are easily
measured and accounted for. Volcanic gases in the atmosphere, however, cannot be easily measured and
accounted for, and these (particularly SO2) can absorb, block and reflect the thermal infrared radiation emitted
by the fumaroles that is measured by the camera. For this reason, it is only possible to derive reliable
temperatures on days when there is little to no atmospheric cloud or visible steam plumes emanating from the
fumaroles or when the gas plume is being blown away from the volcano. There is some variation in the
temperatures recorded, but it should be noted that some of the fumaroles remain very hot, with a
temperature of over 400°C recorded. High temperatures have been recorded since the end of Phase 5 in
February 2010. The temperature values presented in Table 5 match the range of values recorded in the
previous reporting period, except for Headwall 1, which recorded a temperature >400°C for the first time since
12 November 2015.
In addition to the usual fumaroles monitored, temperatures of the fumarole vents near Tar River Cliff were
recorded for the first time. This fumarole, named Tar River Rim fumarole, is located approximately 200 m
southeast of Tar River Cliff fumarole, on the southern rim of the upper Tar River (Figure 35). A maximum
temperature of 379 °C was recorded for this site, showing it is considerably hotter than Tar River Cliff fumarole
(185–236 °C; Table 5).
Temperatures for the more distal fumaroles in White River and Tuitt’s Ghaut have also been measured. During
an observation flight on 6 June 2018 an additional fumarole was discovered in Tuitt’s Ghaut (named Upper
Tuitt’s Ghaut), approximately 300 m southwest (upstream) of the fumarole previously documented (referred to
here as Lower Tuitt’s Ghaut). Upper and Lower Tuitt’s Ghaut fumaroles measured temperatures of 81 °C and
90 °C respectively (Table 5), which are within the upper range of temperatures previously reported for Lower
Tuitt’s Ghaut fumarole (33–96 °C).

Date

Gas
Vent

Headwall
1

Headwall
2

Tar River
Cliff

Tar River
Rim

Upper Tuitt’s
Ghaut

Lower Tuitt’s
Ghaut

White
River

06 June 2018

-

-

-

-

-

81

-

65

13 June 2018

-

-

-

-

-

-

90

-

21 June 2018

360

-

-

185

-

-

-

-

27 June 2018

353

414

301

236

379

-

-

-

Table 5. Maximum recorded temperatures (in °C) for various fumaroles on or near the lava dome, and on the volcano’s flanks.
Temperatures are derived from thermal images that have been corrected for distance to fumarole, atmospheric temperature and
relative humidity.
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Tar River Cliff
Tar River Rim

Figure 35. Aerial photograph showing the location of Tar River Cliff and Tar River Rim fumaroles, approximately 200 m apart.

The temperature logger installed in the Galway’s Saddle fumarole recorded temperatures in the range of 81–97
°C during the period 1–27 April 2018, then between 20:40 and 20:50 (local time) on 27 April the recorded
temperature dropped from 92 to 70 °C, after which they fluctuated between 70 and 55 °C (Figure 36). On 7
May 2018 the recorded temperature rapidly dropped again over 30 mins from 66oC to -13.37 °C. The probe
was withdrawn from the fumarole on 9 May 2018, and examination of the temperature probe revealed that it
failed as a result of corrosion of the cable. A new probe was installed in the same hole on 21 June 2018, and
recorded temperatures consistently within the range of 93–97 °C until 8 September 2018, when they began
fluctuating between 80–95 °C until 16 September, after which the temperature steadily dropped to 65 °C on 30
September 2018 (Figure 36). The probe was removed from the fumarole on 3 October 2018 and a
thermocouple was inserted into the same hole as the probe, which gave a temperature reading of 97 °C. This
confirms that the temperature drop was a result of probe failure, and not a genuine cooling of the fumarole.
The data for 1–27 April 2018 continues the behaviour recorded during 13 December 2017 to 27 March 2018
(see MVO OFR 18-01), with temperatures fluctuating between 82–93 °C (Figure 36). Data from the second
recorded period displays a different pattern, with an initial fluctuation from 21–28 June 2018 with
temperatures between 92–97 °C, followed by a period of remarkably constant temperatures in the range of
95–97 °C for 13 weeks to 8 September (Figure 36). The cause for this difference in behaviour between the two
periods is unknown. Data from the weather station at the MVO shows both periods contained similar
variations in rainfall and air pressure patterns, suggesting that the difference in behaviour was not caused by
weather conditions. However, given the fumaroles location at 780 m asl, the MVO weather station data may
not be suitable for comparisons. Once the new weather station has been installed at Galway’s Saddle, the data
collected will allow for better assessment of atmospheric influences on fumarole temperatures.
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Galway's Saddle Fumarole Hourly Temperature Record
01 April to 30 September 2018
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Figure 36. Hourly temperature data recorded by the logger installed at Galway’s Saddle fumarole during the period 1 April to 30
September 2018. Red lines denote data recorded during probe failure.

2 Discussion of Activity and Comparison with Past Activity
2.1 Pause in Dome Growth
The current pause, the fifth since the onset of activity in July 1995, is now more than 103 months long.
As with previous periods, this reporting period has been one of very low activity with no restart of lava
extrusion or dome growth. Degradation rockfalls have become extremely rare and there have been no
pyroclastic flows since September 2012.
Figure 37 shows the key monitoring data (seismic counts, GPS and SO2 flux) for the Soufrière Hills Volcano from
1995 to 30 September 2018. Figure 38 shows the same data for the period since the beginning of Pause 5 on
12 February 2010. Although the current pause is the longest by far, the data are similar to that during the
previous pauses; seismicity is low, island-wide inflation continues and SO2 fluxes measured by traverses and
the new DOAS network indicate significant de-gassing is still ongoing.
This prolonged period of persistent low-level unrest, (i.e., continued inflation, sporadic seismicity and
persistent de-gassing) clearly demonstrates that the magmatic system has not shut down. Thus, the potential
for a restart remains.
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Figure 37. Seismic, GPS and SO2 monitoring data for the period 1 January 1995 – 30 Sep 2018. Extrusive phases and pauses are shown in
red and green respectively. Top: Number of seismic events detected and identified by the seismic system. Middle: Radial displacement
of cGPS stations MVO1 (red) and GERD (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: new DOAS, White:Traverse data.

Figure 38. Seismic, GPS and SO2 monitoring data for the period since the end of Phase 5: 01 February 2010 – 30 September 2018. Top:
Number of seismic events detected and identified by the seismic system. Middle: Radial displacement of cGPS stations MVO1 (red) and
GERD (blue) smoothed with 7-day running mean filter. Bottom: Daily SO2 flux, filtered with 7-day running median filter, Blue: old DOAS
network, Red: new DOAS network, White: Traverse data
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2.2 Dome Stability
The lava dome at Soufrière Hills volcano remains stable despite containing heavily fractured regions,
particularly on the east flank and inside the collapse scar, where weathering generates rockfalls. There have
been no pyroclastic flows since September 2012 and the number of rockfall events is currently very low.
Despite this, there is some evidence that the lava dome is capable of responding to external factors, such as
rainfall. From the rockfall activity shown in Figure 34 and summarised by season since 2010 in Table 6, rockfall
activity is up to 5 times more likely to occur in the wet season than in the dry season. This is a result of rain
falling on the dome infiltrating down through cracks and fractures into the warmer interior of the dome, being
heated up and expanding, possibly also turning to steam. This increases the pressure on loose or weak blocks,
eventually leading to rockfalls.

Year
2010
2011
2012
2013
2014
2015
2016
2017

Dry Season
367
139
82
21
23
5
8
15

Rockfalls
Wet Season
481
179
151
84
22
18
40
15

Total
848
318
233
105
45
23
48
30

Dry Season
349
522
466
628
514
586
633
No Data

Rainfall (mm)
Wet Season
1680
1434
1216
1234
1073
685
1265
No Data

Total
2029
1955
1682
1863
1587
1271
1898
-

Table 6. Summary of RF activity and rainfall of the wet and dry seasons between 2010 and 2017. The data clearly shows seasonal
variation in both the RF activity with a higher number of RFs typically occurring during the wet season. Rockfall data for 2010 does not
include the counts during Phase 5 activity (1 January to 11 February 2010). Rainfall data is courtesy of MUL, from a rain gauge located
at the Hope reservoir.

The persistent fumaroles observed on the lava dome are further evidence for a stable dome, indicating that
stable pathways exist in the dome and material surrounding the conduit allowing gas to escape. This suggests
that there could be suitable pathways for magma to reach the surface, should there be a restart. Any restart of
extrusion would likely cause significant disruption to the present dome, as suggested by the increase in rockfall
activity and decreases in EDM lines prior to the onset of ash venting in March 2012 (see MVO OFR 12-01).

2.3 Criteria for Continuation of Activity
Since SAC 16 (November 2011), the potential for continuing activity has been considered against the following
three criteria:
1. Seismicity – the presence of low frequency seismic swarms and of seismic tremor
2. Gas – daily SO2 rates above 50 tonnes per day
3. Ground deformation – significant ground deformation
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.
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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 has been completely absent during the
current reporting period with no low-frequency swarms or tremor observed.

2. Daily SO2 rates above 50 tonnes per day indicate the potential for future volcanic activity.
Measurements from the new DOAS network and those conducted by helicopter 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 7 lists the phases and pauses of the eruption of the Soufrière Hills Volcano, up to 30 September 2018,
and follows the traditional definition of a Phase as a period when lava is being extruded at the surface.
Phase

#

Start

End

Duration (days)

Duration (months)

Seismic

0

01-Jan-92

17-Jul-95

1294

42.5

18-Jul-95

14-Nov-95

120

3.9

Phreatic
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

15-Apr-05

31-Jul-05

108

3.5

Transition
Extrusion

3

01-Aug-05

20-Apr-07

628

20.6

Pause

3

21-Apr-07

04-May-08

380

12.5

05-May-08

07-Aug-08

95

3.1

Transition
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

05-Oct-09

07-Oct-09

3

0.1

Transition
Extrusion

5

08-Oct-09

11-Feb-10

127

4.2

Pause

5

12-Feb-10

On going

3152*

103.6*

*As of 30 September 2018
Table 7. Phases and pauses of the eruption of the SHV, up to 30 September 2018.
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3 Hazards and Risks
3.1 Hazard Assessment
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.
With so little material shed from the dome over the past six months, the stability of the dome and the quantity
of material available remains virtually identical to that discussed in SACs 17–22. Therefore, we continue to hold
the view that little has changed with regard to the hazards posed by the Soufrière Hills volcano since SAC 22
(November 2017, Neuberg et al., 2018).

3.2 Hazard Level System
Due to the ongoing persistent low-level unrest, the Hazard Level has remained at Level 1 throughout the period
under review. 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 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
Room throughout their visit. Activities are normally restricted to office hours, unless special arrangements are
made for the MVO Operations (Ops) Room to be staffed. The procedures are reviewed regularly, and there
have been only a few incidents where they have been breached. There have been periods where the access
gates are not locked and are found instead tied with rope (thereby providing free access). There is ongoing
evidence to suggest that unauthorised visits to Zone V have continued throughout this period for hunting,
fishing and recreational purposes. Many of these unauthorised visits occur on foot, but also by boat and in
some instances to locations visible to visiting tourists etc. There is limited physical evidence of much of this
unauthorised access due to the largely unmonitored status of the exclusion zone.
Table 8 shows the number of (authorised) visits and visitors to zone V for the 18 months ending 30 September
2018, which is a continuation of the previous account, Table 7 in OFR 17-01 (Stinton et al., 2017a). Refer to
Table 9 and Figure 39 to view the period covered in this report (1 April 2018 to 30 September 2018). There
have been 1,515 authorised visits logged for Zone V, with an estimated 11,828 people entering the area, since
records have formally been kept in the MVO Ops room log (16 March 2016). For a breakdown of visits starting
from 1 April 2016 (~2 weeks after Ops room log started) until 30 September 2018 (30 month time period)
examining numbers for tourists, sand mining, MVO (these three categories ‘tourist’, ‘sand mining’, ‘MVO’
represent about 2/3 of all the visits and people involved) refer to Table 10, and Figures 40 and 41; the data are
divided into 6-month periods to align with MVO reporting. Figures 40 and 41 show that: 1) sand mining visits
have continued to rise since 2016, regardless of season; 2) tourist numbers have continued to rise (during both
the low (~1 April–30 September) and high (~1 October–30 March) seasons); and 3) the number of MVO visits
has risen, but without detailed differentiation on the nature or purpose of each visit, the cause of the increase
is unclear. Since the Ops room log does not always include details on the nature of the MVO visits this could
represent an increase in MVO maintenance/science visits, more accompanied visits i.e. escorted tourists, or
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simply a higher reporting/recording rate as time has progressed. It should be noted that these data only
include MVO visits via vehicle; helicopter visits for scientific work are not recorded in the Ops room log. To
facilitate any future evaluation of fieldwork risk (life/safety) on Soufrière Hills volcano, helicopter visits to Zone
V by MVO staff should be included in the records.

Area(s) visited

# of visits

# of peopleii

Comments

Sand export

Plymouth jetty

228

1545

i

Scrap metal

Lover’s Lane

36

211

ii

Dredging

Plymouth jetty

0

0

Geothermal

Plymouth jetty

1

11

Tourist visits

Plymouth

564

5282

Ferry

Plymouth jetty

15

48

Journalists

Plymouth

0

0

3

8

Plymouth

2

91

MVO

Various

87

276

DMCA

Various

49

228

ii

RMPS

Various

32

61

ii

Other

Plymouth

5

14

1020

7756

Activity Purpose
Industrial

people estimate
people estimate

Tourism etc

Film crews

iii

1 incident,
multiple groups

Education
Students
Government

Total

people estimate
people estimate

i

The number of people involved with the sand export (e.g. stockpiling or barge operations) is not taken into account.
Several drivers are in operation during a given time period and enter the zone multiple times.
ii
The number of people is an underestimate, as the exact number is not recorded in the MVO log in many instances.
iii
There was one incident (7 March 2018) where preparations were put in place for a ferry arrival over a period of ~2 hours.
This involved DMCA, Integrated Border Security, Fire and Rescue, Ambulance, Shuttle Buses, Luggage Trucks, Tourist
Board, Ferry Agents, ZJB radio, for the log each group that entered Zone V is identified as a ‘visit’. On this occasion the
ferry entered the maritime exclusion zone (no record of # persons on board) but did not actually dock in Plymouth due to
rough seas.
Table 8. Data on the number of visits and people to Zone V for various activities during an approximately 18-month period from 16
March 2017 to 30 September 2018.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.
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Activity Purpose

Area(s) visited

# of visits

# of peopleii

Comments

Plymouth jetty

84

588

i

ii

Industrial
Sand export

people estimate

Scrap metal

Lover’s Lane

18

103

people estimate

Dredging

Plymouth jetty

0

0

Geothermal

Plymouth jetty

0

0

Tourist visits

Plymouth

180

1591

Ferry

Plymouth jetty

0

0

Journalists

Plymouth

0

0

Film crews

Plymouth

2

4

Plymouth

0

0

MVO

Various

51

166

DMCA

Various

16

58

ii
ii

Tourism etc

Education
Students
Government

RMPS

Various

12

16

Other

Plymouth

2

9

363

2531

Total

people estimate
people estimate

i

The number of people involved with the sand export (e.g. stockpiling or barge operations) is not taken into account.
Several drivers are in operation during a given time period and enter the zone multiple times.
ii
The number of people is an underestimate, as the exact number is not recorded in the MVO log in many instances.
Table 9. Data on the number of visits and people to Zone V for various activities during a 6-month period from 1 April 2018 to 30
September 2018. 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.

Figure 39. Data on the number of visits and people entering Zone V for the period 1 April 2018 to 30 Sept. 2018 for various activities.
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Time Period
Tourism
1 April 2016 –
30 September 2016
1 October 2016 –
31 March 2017
1 April 2017 –
30 September 2017
1 October 2017 –
31 March 2017
1 April 2017 –
30 September 2018
Sand Mining
1 April 2016 –
30 September 2016
1 October 2016 –
31 March 2017
1 April 2017 –
30 September 2017
1 October 2017 –
31 March 2018
1 April 2018 –
30 September 2018
MVO
1 April 2016 –
30 September 2016
1 October 2016 –
31 March 2017
1 April 2017 –
30 September 2017
1 October 2017 –
31 March 2018
1 April 2018 –
30 September 2018
Total
i

# of visits

# of peoplei

people/time not recorded

83

490

rare

194

1968

rare

131

995

rare

219

2346

rare

180

1591

rare

49

311

Commonly missing

53

357

Commonly missing

67

439

Commonly missing

69

462

Commonly missing

84

588

Commonly missing

9

41

Rare, but often undifferentiated

6

78

Rare, but often undifferentiated

17

58

Rare

19

52

Rare

51

166

Rare

1231

9942

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

Table 10. Data on the number of visits and people to Zone V for tourism, sand mining and MVO activities. The data are grouped into 6month periods from 1 April 2016 (~2 weeks after the records began) to 30 September 2018, and are sourced from the MVO Ops room
logs. The data are subdivided according to the time periods used for SAC reporting, and can be loosely related to the “high” (1 October –
31 March) and “low” (1 April – 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.
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Figure 40. Data on the number of tourism, sand mining and MVO visits to Zone V. The data are subdivided according to the time periods
used for SAC reporting, which can be loosely related to the “high” (1 October – 31 March) and “low” (1 April – 30 September) tourist
seasons (refer to the key).

Figure 41. Data on the number of estimated people entering Zone V for tourism, sand mining and MVO activities. The data are
subdivided according to the time periods used for SAC reporting, which can be loosely related to the “high” (1 October – 31 March) and
“low” (1 April – 30 September) tourist seasons (refer to the key).
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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 10 indicates that there has been a steady increase in visitors to Zone V
since 2016 (see also Figure 40 and Figure 41). It is anticipated that the number of tourist visitors to Zone V will
continue to increase as Montserrat becomes more widely recognised as a destination, highlighting the need to
update the risk levels for these activities since the last detailed analysis undertaken for SAC 19.
Several ongoing procedures are underway to better assess the current and future risk from natural hazards on
Montserrat (see Section 4.10).

4 MVO Monitoring Networks
4.1 Seismic Monitoring
4.1.1. Summary
The MVO seismic network has continued to perform adequately during this reporting period, although outages
and other issues at a number of stations have compromised data quality.
Telemetry issues, partly due to interference with the local telecommunications network has caused ongoing
problems with some stations in the MVO network, particularly those repeated via Garibaldi Hill (MBBY, MBGB
and MBWH). Timing problems have also impacted data quality at some stations.
A lack of functioning spare equipment has continued to impact on monitoring capacity, notably for some of the
more proximal stations, such as MBFR and MBLG, which have suffered extended outages. This has meant a
reduced triggering threshold, and an overreliance on the two most proximal stations, MBLY and MSS1, for
detecting small events.
Occasional, and in some cases extended, power outages have also occurred on island during this reporting
period. The MVO generator, UPS, and acquisition systems have fared well, minimising any data loss.
The network of temporary stations originally deployed to monitor the injection of the geothermal well MON3
in December 2016 were redeployed in March 2018 as part of a project to monitor lahars in the Belham Valley.
Data were retrieved in July 2018 and used to augment the existing MVO seismic network.
The seismic network was also supplemented by the addition of real-time data acquisition from the four
CALIPSO borehole sites (see Section 4.1.2).

4.1.2 Software and acquisition changes
There were several software (and hardware) changes to the main seismic acquisition, processing and analysis
systems during this reporting period.
Acquisition of CALIPSO data in real-time
A long outstanding aim of having real-time data acquisition from the four CALIPSO borehole stations was finally
realised as of 11-May 2018. It was discovered that data (strain, barometric and seismic) from the four CALIPSO
borehole stations are available - in real-time - from IRIS. The exact nature of how this is technically achieved,
and what processing (if any) is applied is still to be determined (PS/PW/KP are in contact with UNAVCO/IRIS for
more information) but the end result is that the relevant channels are now being retrieved in real-time from
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the publicly accessible IRIS seedlink server and integrated directly into the MVO earthworm acquisition and
processing system. Archive data may also be available from IRIS, and this may be useful to fill in gaps in our
own archive.
Acquisition
Due to probable firewall problems with incoming ports being blocked on the main earthworm3 server,
incoming seedlink data are collected by the secondary earthworm installation.
The network code for all channels is "MC", presumably standing for Montserrat CALIPSO. The station codes for
the 4 sites are: AIRS, GERD, OLV1, OLV2, and TRNT. Note the two different codes for the Olveston site, the
reasons for which are unclear and will need clarifying with UNAVCO/IRIS. High rate strain and seismic data are
being acquired, and the 1Hz strain data with LL[?] Channel codes are also available, but due to problems
displaying and acquiring this low-sample rate data they have now been removed from the list of imported
channels, as the high rate data can easily be decimated.
Based on information from Wade Johnson at UNAVCO, and information from the IRIS website, the channel
listing is as follows:

Network Code

Channel Code

Description

Shoebox/SAC file equivalent
channel code

Seismic Channels – 200Hz sampling rate
MC

BHZ

Vertical seismic channel

slv

MC

BHN

horizontal seismic channel

s2h

MC

BHE

horizontal seismic channel

s1h

Other channels – 50Hz sampling rate
MC

BLE

Barometric channel

bar

MC

BLN

DT2 strain channel

s2a

MC

BLZ

DT1 strain channel

s1a

Table 11. Channel codes and descriptions of the real-time CALIPSO data acquired via IRIS

Processing and Display
Real time waveform data and/or helicorders are available internally from the Winston Waveserver via Swarm.
Helicorder images are also available via the "Dynamic heli" plot viewer on the webobs site. Static Helicorder
and Spectrogram plots are also now being generated by earthworm for the relevant BHZ seismic channels.
Options for plotting and real-time display of the strain data are also being explored to determine the most
useful and effective way this can be achieved.
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Archiving
All imported channels from the MC network are now archived alongside the MVO seismic channels in the
continuous seisan database. For the event triggered data the extra seismic channels have been added to the
event files and are now routinely used for picking and hypocentral locations.
To avoid issues with these extra channels filling up hard drive space on the Winston Waveservers
(earthworm01 and backup server earthworm02), the "MaxDays" parameter has been adjusted. This can be set
on a per channel/network basis via the use of filters. This has been adjusted in the relevant configuration files
(on the main and backup servers) to:

Network (code)

Amount of Data storage (days)

CU, TR, WI (Regional stations from IRIS and SRC)

10

MV, MC (MVO and CALIPSO stations)

28

Table 12 Seismic data network codes and associated amount/length of data storage in the MVO Winston Waveservers

Webobs, Nagios and Piton
In June 2018 the PC running the MVO webobs system developed a hardware fault and the hard drives had to
be swapped into another machine (see Section 4.11 WEBOBS). The webobs functionality was later migrated to
dedicated virtual server. The old webobs system was retained as an emergency backup, but the additional hard
drives were used to create a new Linux machine: a standalone PC dedicated to Nagios, a network monitoring
software package that was previously running on the seismologist’s linux machine, piton.
The establishment of a dedicated Nagios machine had the following effects:
•
•

Removal of nagios functionality from piton.
Migration of the secondary linux-based MVO earthworm installation and associated tools from piton to
the Nagios machine.

These two steps in turn allowed a long-planned upgrade of the piton machine to go ahead as it was severely
out of date. The OS was upgraded from a very old version of Fedora 8 to the latest Debian testing release. The
various seismic analysis software was also upgraded to match the seismic analyst’s machine, with the latest
version of SEISAN, v11.0 now installed.
This required some careful recompilation of code and other existing seismic analysis and data manipulation
scripts, particularly as some had previously required the use of a 32-bit operating system. Despite a few
teething problems, this process has now been completed.

4.1.3 Instrumental changes at stations
Table 13 below lists the changes to instruments that have taken place at individual seismic stations during the
period covered by this report, as well as specific issues that have been resolved.
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Station

Date

Details of changes

MBBY

24-Apr-2018

Station back up after outage since 09-Feb-2018.
Station appears to have a timing problem, no GPS fix.

Broderick’s Yard
13-Jun-2018

15-Aug-2018

05-Sep-2018

MBFR

Severe telemetry problems, related to ongoing interference problems
with local telecommunications for stations repeated via Garibaldi Hill.
Timing problem. Mass problem, with spurious noise on the E-W
horizontal component.
Ongoing timing problem and inability to access digitiser remotely,
digitiser retrieved for testing.
Station back up after outage since previous week. Digitiser DB77
(with timing problem) replaced by (A)2860. Timing fix acquired from
the GPS antenna. Ongoing problem with the E-W horizontal
component.

18-Nov-2015

No data acquired since this date.

04-Apr-2018

Telemetry problems - intermittent data received. Ongoing
interference problems with local telecommunications for stations
repeated via Garibaldi Hill.

Fergus Ridge
MBGB
Garibaldi Hill
06-Jun-2018

16-Jun-2018
MBGH

19-Jun-2018

St. George’s Hill

MBLG

Instrument and digitiser retrieved for testing at MVO.
Station back up after outage. Occasional spurious data/spikes
generated for several hours overnight each day. GPS fix acquired and
timing OK.
Station back up following a short outage. No GPS fix and hence timing
problem. Time on digitiser manually reset. Planned site visit to
replace GPS antenna/cable.

04-Oct-2018

Timing problem that was present at MBGH for the last few months
now resolved. GPS antenna and cable replaced, GPS fix and time sync
reported by the digitiser

05-Dec-2015

No data acquired since this date.

07-Apr-2018

Station back up following outage/severe telemetry problems since
02-Apr-2018. Related to ongoing interference problems with local
telecommunications at Silver Hill - similar to those stations repeated
via Garibaldi Hill.

13-Jun-2018

Station offline and no data received from this station since 13:15 UTC
on 13-Jun-2018. Awaiting helicopter availability to check on site, and
diagnose telemetry issues

Long Ground
MBRY
Roche’s Yard

27-Jun-2018

Station backup after outage since 13-Jun-2018. Station was operating
normally, except for telemetry. Radios at site and Silver Hills replaced,
restoring communications.

Table 13: Summary of changes to instruments in the MVO Seismic network between April and September 2018.
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4.1.4 Ongoing problems and known issues
Seismometer mass problems
Instrument T4344 installed at MBLY has continued to suffer from mass problems, with persistent long-period
noise on the N-S horizontal component. Instrument T36253 at MBBY has an ongoing problem with the E-W
horizontal component.
Spiders
MSS1 in the collapse scar has functioned well, operating more or less continuously throughout this reporting
period with no major problems. It is the only Spider to have operated during this time.
Telemetry issues
Several stations have continued to be affected by telemetry and communications problems during this
reporting period. Stations telemetered via Garibaldi Hill (MBGB, MBBY, MBWH) suffered problems from
interference from the local telecommunications network (Digicel) in early April 2018. Stations on the Eastern
side of the island in particular (MBHA and MBRY) have suffered most often with data gaps. Even small data
gaps can have a knock-on effect in terms of event triggering in earthworm, especially for more proximal
stations (e.g. MBLY or MSS1).

4.1.5 Future developments
Short term goals
The main issues currently affecting the performance of the network are telemetry problems and a lack of
functioning spare seismometers, digitisers and GPS antennas to replace those with mass problems, timing
problems or other issues. Several instruments and digitisers are still awaiting return to Guralp for repair. This
would help, in the short-term, to resolve the instrument mass problems at some stations and alleviate pressure
on resources, particularly with the current outages to important proximal stations such as MBFR and MBLG. In
the slightly longer term, issues such as this should shortly be solved by the planned seismic network upgrade
which will provide much greater spare capacity.
MVO has also recently arranged a month’s loan of a Radian posthole seismometer from Guralp to evaluate its
performance as a possible instrumentation option for the planned upgrade of the MVO seismic network (see
next section).
Longer term plans
In their proposal to manage MVO in 2008, SRC and IPGP suggested that the seismic monitoring system should
be reviewed before the end of the first five-year contract (April 2013). The recommendations from this review
formed part of the proposal submitted for the renewal of the current MVO management contract. This report
was completed and formed part of the new MVO management contract which was finally signed in September
2016. We are still awaiting final costings for instruments and additional telemetry and hardware, but the
equipment for the upgrade should be ordered soon.
The proposals include:
•
•

Standardising equipment and installations, including instrument periods and gains etc to allow ease of
swapping between sites.
Replacing older/broken equipment and increasing stock of spare parts.
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•
•
•

•

•

Upgrading vertical short-period stations to broadband where possible. Hopefully, depending on cost, to
include at least one 120s ultra-broadband instrument for detection of VLP signals.
Installation of two new broadband stations at South Soufriere (collocated with cGPS), and Jack Boy Hill
(re-occupying existing site)
Establishing several new near-dome stations to help with depth constraints and detection of smaller
magnitude events. Candidate sites are Hermitage, Galway’s and Gages Mountain. The quality and
usefulness of data from the additional Spiders that have been or are planned to be deployed in similar
locations to these may influence the decision on final locations and whether permanent stations in
such locations are necessary or desirable. Current research into the impact of near field stations on the
precision of located earthquake depths has suggested proximal sites have an important positive effect
on the quality of the hypocentres.
Integration of two SRC-funded stations (at sites in the north of Montserrat [Silver Hill] and Redonda). A
site close to the summit of Silver Hills has been identified and some of the instrumentation and
equipment for these sites has already arrived on island. The deployment is expected to take place
within the next few months with the assistant from Lloyd Lynch, SRC
Minor revisions and upgrades to software and some computer hardware, particularly the seismic
display machine(s) and Seismic analysis PCs.

4.1.6 Temporary Belham Valley deployment: monitoring of lahars
Data retrieval and analysis
As reported in the previous MVO report, a network of temporary stations was installed in March 2018 in
collaboration with the University of South Florida. These were the same instruments originally deployed to
monitor the injection test at the geothermal well MON3 in December 2016 but were redeployed in March 2018
as part of a project to monitor lahars in the Belham Valley. As these stations are not telemetered data must be
retrieved periodically by MVO staff.
The first retrieval run was on 12 July 2018, collecting 3-4 months of data. The data were uploaded and shared
with colleagues at the University of South Florida via MVO’s new external ftp server. The data were converted
from miniSEED to seisan format and stored on the seismic fileserver alongside the rest of the MVO seismic
data. Helicorder images were created for all the available days for the four stations (examples in Figure 42),
and these have been included in the plot viewer of the webobs site The relevant waveforms were extracted for
all volcanic events that occurred during the time window (29 March to 12 July 2018) and the few VT events
that occurred were re-picked and relocated using the additional data from these four stations to help constrain
the locations and focal mechanisms.
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Figure 42. Example helicorder plots for 03-Apr-2018 from the four temporary stations MTB1-4 deployed for lahar monitoring in the
Belham valley. Note the small lahar signal at around 03:00 UTC, and the cultural noise due to mining activities later during the day
visible on stations MTB3 and MTB4 lower down the valley.

Details of these temporary stations are given in Table 14, and their locations within the upper Belham Valley
are shown on the map in Figure 43.

Temporary seismic stations deployed for monitoring of injection into MON3
Code

Location

Date
installed

Latitude

Longitude

Elevation
(m asl)

Sampling
Rate (Hz)

MTB1

Belham Valley 02

22-Mar-2018

16.72967

-62.19730

195

200

MTB2

Belham Valley 0(4)

23-Mar-2018

16.73045

-62.20153

157

200

MTB3

Belham Valley 01

22-Mar-2018

16.73485

-62.20608

117

200

MTB4

Belham Valley 03

23-Mar-2018

16.73383

-62.20993

97

200

Table 14. Temporary seismic stations deployed for monitoring of lahars in the upper Belham Valley.
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Figure 43. Map of part of southern Montserrat around the Belham Valley showing the locations of the MVO permanent (blue) and the
temporary seismic stations in the Belham Valley (green). The location of the previous MSMX spider at Molyneux is shown in red, and
the location of MVO is marked in green.

4.2 Ground Deformation Monitoring
4.2.1 Continuous GPS (cGPS see also Section 4.2.7 Spider stations: single-frequency GPS, EDM and
tiltmeter
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. While the antennae have already been
received, the receivers are on-route at the time of writing. This new equipment will upgrade the 6 MVO sites
with NetRS receivers (not serviced by Trimble any longer) and provide some spare equipment.
Several sites (HARR, HERM, WTYD) had recurrent power-related issues, causing degradation of data (and daily
position) and sometimes total loss of data. Some of the solar panels and batteries have been replaced.
Telemetric access of the MVO cGPS stations has been relatively good during the reporting period.
In addition of being incorporated in the MVO daily processing, data gathered at the UNAVCO- and NASAfunded sites (RDON, NWBL, RCHY), and at the four stations operated by the CALIPSO project (AIRS, GERD,
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OLVN, TRNT) are being transferred daily to the UNAVCO FTP site, where they are converted into RINEX and
made publicly available. There have been some delays for the data transfer from Montserrat to UNAVCO (USA)
of some of the CALIPSO stations, typically up to one-two weeks, particularly for AIRS and GERD. Since June
2018, the connection issue has caused the raw datafiles to be incompletely transferred, causing the final
position to be noisier. This should be fixed in the following month.
Finally, two Trimble NetRS receivers and two Trimble choke ring antennae have been obtained from a
successful application to obtain UNAVCO deprecated equipment. One of the sets is used for additional
campaign measurements, while the rest will be used as spare or during outreach events.

STATION

ISSUE / DATA LOSS TIME-PERIOD

ANTG

The site, not serviced by MVO although its data are processed, has been off since 23rd Aug.
2017. Some efforts have been made to contact the staff on-site to arrange an MVO
technician to provide some help, however a meeting hasn’t been possible as yet

GERD

The site lease has been renewed for a year, until Sept. 2019. It is unsure if the lease will be
renewed then. If not, MVO will move the site to a new location, and UNAVCO should still
offer support for the GPS equipment.

MVO1

MVO1 is now discontinued. A new site will be built, at a similar distance from the dome
than MVO1 if possible

RDON

The antenna deficiency existing since 22th Nov 2017 has been fixed on the 1st of June 2018
and data collection resumed

SPRI

The site is off since 23rd May 2018, when it was noted that the antenna was tilted and the
monument needing refurbishment and a new receiver

SSOU

Site is off until it is refurbished and the receiver can be replaced

WTYD

Power cables were changed after being damaged by rats. No data available between 15th31st Jul 2018

Table 15: A summary of the issues and problems with the cGPS network between 1 April and 30 September 2018.

4.2.2 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 (North White River, Long Ground, Dry Ghaut,
Bransby point) to facilitate deployment and improve data accuracy.
Since the 05 May 2016, the receiver used during eGPS measurements is a NetR9 receiver borrowed from SRC
to replace the MVO NetRS receiver which failed in December. In June 2018, after the obtention of a UNAVCO
Trimble NetRS receiver and choke ring antenna, it has been possible to occupy 2 campaign benchmarks
simultaneously, for a duration of 2 weeks. Unfortunately, the Trimble NetR9 borrowed to SRC has been
dysfunctional since September 2018 and the occupation of only 1 site at a time had to be resumed.
The LEICA GS15 used for surveying had to be sent for repair after receiver failure early September 2018 and
was fixed and sent back to MVO in October 2018.
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4.2.3 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 corrections and remove a common ‘tectonic’ trend, rotate each station time-series into a radial,
tangential and vertical local coordinate frame centered on the volcanic vent, and produce plots as some of
those present in this report (e.g. Figure 17).
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.

4.2.4 EDM
There were no changes in the EDM network monitoring the volcanic activity during the reporting period.

4.2.5 Tilt
MVO currently has no operational tiltmeters. It is planned to deploy one tiltmeter with the SPIDER on Galway’s
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 scheduled for 2018.

4.2.6 Strain
Strain data are measured at the four CALIPSO stations (OL, AS, TR, GE) and are 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.
As of May 2018, strain data are now being downloaded and acquired in quasi real-time from the IRIS
repository, and processed and archived alongside the seismic data. For more details see Section 4.1.2 Software
and acquisition changes

4.2.7 Spider stations: single-frequency GPS, EDM and tiltmeter
In June and December 2014, in collaboration with the USGS, three additional continuous GPS stations, so-called
‘spiders’, have been deployed close to the scar (MSS1 and MSUH), and on Chance’s Peak (MSCP).
Since deployment, there have been issues with MSUH and MSCP, with deteriorated data or no data at all, since
28 November 2015 and 02 October 2015, for MSUH and MSCP respectively.
In March 2017, the Spider processing computer failed which caused loss of data between 29 March to 06 April
2017, when all scripts were recovered. Presently, the data are downloaded onto a Windows virtual machine
hosted in the server room. The data is then copied onto Titan with the rest of the GPS data.
Like for the other GPS stations, the raw data are converted into rinex format using the teqc utility, to be
processed by GAMIT/GLOBK. At the moment the ‘Spiders’ are processed using a differential method with
WTYD 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 tilt-meter should be
installed with the Galway’s spider station.
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4.3 Gas Monitoring
4.3.1 Currently installed monitoring Networks/Instruments
UV scanners - DOAS
The UV scanner network for measuring SO2 flux is now completely installed with three instruments set up on
the flanks of the volcano (Table 16). This marks the first time that three spectrometers have been operational
on this volcano, and the presence of WH added to the other two traditional locations means now that the
current network is providing the most azimuthal coverage (≈180°) at the Soufriere Hills Volcano to date. The
network should be able to scan the plume anywhere to the north and west of the Trant’s fan in the east of the
island and north of the White River fan (Figure 44). Due to issues with software compatibility some of the
spectrometers had to be sent back to ocean optics for updating the firmware. Thus, the first spectrometer to
be installed was LL which started recording data on 26 June 2017 and was the lonely spectrometer until 12 May
2018 when the instrument at BR came online while the instrument at WH started collecting spectra on 27 July
2018. All three instruments are currently operational and recording data. There are some issues with the
sensitivity of the instrument at LL and the ability of the software to identify the plume at times, for example the
plume would be obvious in the scan column amounts however the software did not identify the presence of
the plume using the automated feature (Figure 45). Another problem that may be due to the same issue of
sensitivity is that the WH spectrometer is measuring high column amounts up to 800 ppm (higher that any
column amount measures on the other two instruments), what makes this even more peculiar is that it occurs
when the plume is to the west over Plymouth and it is impossible to WH to scan the plume. Santiago plans to
do a data quality check in the near future and hopefully that would shed some light on how to correct the
sensitivity issue with LL and thus improve the SO2 retrieval rates.

Site Name

Spectrometer id

Compass direction in deg

Lat

Long

Default plume height

Lovers Lane LL

USB2+F03185

65

16.71707

-62.21762

837

Brodericks BR

USB2+F03187

90

16.69292

-62.20876

871

Windy Hill WH

USB2+F03188

10

16.74228

-62.19074

489

Table 16. The locations, instrument and site information for the UV scanner network
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Figure 44. Location of permanent gas measuring instruments relative to SHV. Data from the three UV scanners is downloaded via
Garibaldi Hill while the Multi-GAS has a direct line of sight to the MVO. UV spectrometers - Red and Multi-GAS - blue.
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Figure 45. Scans of the plume from the UV scanning network showing: top) a plume unrecognized by the software (A)
and bottom) a recognized plume (B)

Permanent Multi-GAS
The UV scanner network is as a result of collaboration with INGV Palermo to get the MVO in a position to
conduct continuous gas measurements at the Soufriere Hills Volcano. The next step towards that goal was the
installation of a permanent multigas instrument package which contains a spectrometer for measuring CO2
concentrations well as two sensors for the measurements of SO2 and H2S concentrations. The multigas was
installed in the upper Spring Ghaut (Lat 16.7075 Long -62.1896, see Figure 44) on 22 June 2018 and started
collecting data the same day. The instrument went down on 31 August 31, it was retrieved and repaired after
which it was reinstalled on 08 October 2018. The instrument has to date only generated a handful of data
points for CO2, however there are daily ratios of H2S:SO2 generated when the instrument is operational. At
present the instrument is setup to take two measurements a day one at 12pm and the other at 12am. Thus, it
is possible at the moment for the MVO to constrain the total sulfur output of the Soufriere Hills volcano.
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4.3.2 Prospective gas monitoring
Carbon Dioxide (CO2) monitoring
As mentioned in the previous section, the permanent multi-gas instrument can measure CO2 concentrations in
the gas plume. However, it is a well-known fact that large quantities of volcanic CO2 are degassed through the
ground on the flanks and edifice of volcanoes, thus the CO2 flux obtained from the plume does not account for
the total CO2 budget. The ratio of CO2: S tot is quite useful in understanding volcanic systems hence that is why
the next step in the degassing effort should be constraining the flux of soil CO2. A company by the name of
West Systems (www.westsystems.eu) manufactures such systems both portable and permanent. The plan is to
do an initial survey using hand held instruments (Figure 46) and generate a soil CO2 map of the area of interest
which would be the region west of St Georges Hill including Richmond Hill, and the Foxes bay area. This will
enable the user to identify anomalies that might be present, if any anomalies are identified then time can be
spent on debating the relevance of a permanent instrument situated in an area where the flux is not too high
to saturate the instrument but also no to low so as to compromise the data quality. Quotes of € 20 000.00 and
€ 35 929.00 were obtained for the portable instrument and permanent instruments respectively.

Figure 46. Photo of portable soil CO2 flux instrument (Accumulation chamber and back pack configuration) being deployed on the
summit of Vulcano on 22 June 2018.
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4.4 Dome Volume
Two methods are employed for monitoring dome growth and geological mapping: aerial photogrammetry and
the All-weather Volcano Topography Imaging Sensor 3 (AVTIS3) radar instrument.
The aerial photogrammetry equipment consists of a Sony a6000 mirrorless camera and a 20 mm f/2.8 lens and
wireless remote control housed in a pelican hardcase that is attached to the underside of the MVO helicopter
using RAM brand suction cup mounts. This setup enables MVO to collect high resolution aerial photographs
over wide areas efficiently. High resolution (2-10 m grid spacing) digital elevation models (DEMs) and geolocated orthophotos can be derived from the initial photographs using the structure-from-motion software
Agisoft Photoscan Professional. This set up is used to generate new and update existing deposit and
geomorphological maps and DEMs of the volcano.
The AVTIS3 radar instrument is currently fully operational and deployed at Windy Hill. Dr Dav Macfarlane,
University of St. Andrews, is currently concentrating on developing the rain measuring mode of the instrument.
Rain data from AVTIS3 will help determine at what intensity rainfall interferes with the radar’s capability to
scan the lava dome, as well as provide an alternative source of rain data for lahar monitoring.

4.5 Fumarole Temperature Monitoring
The temperature logger located in the Galway’s Saddle fumarole failed in late-April 2018, resulting from
corrosion of the cable connecting the temperature probe to the data logger. For the replacement temperature
probe, a new sealant was used to seal the PVC tube used to protect the cable, which was installed on 21 June
2018. This probe failed in September 2018, also resulting from corrosion of the cable. Extracting the probe
revealed that the new sealant was no longer ‘set’, but instead had a paste-like consistency, so is not suitable
for this purpose. Improvements will be made to sealing of the PVC tube before a new temperature probe will
be deployed.
The HOBO U30 weather station to be deployed at Galway’s Saddle has arrived and been tested at the MVO. It
will be deployed in Galway’s Saddle as soon as weather conditions permit. Data from this weather station will
be used to assess atmospheric influences on fumarole temperatures.

4.6 Remote Cameras
MVO currently has a time-lapse camera at Harris Lookout and a Mobotix M16 Thermal IR camera at MVO. A
new Mobotix M16 Allround Dual camera, with dual Day/Night sensors, is waiting to be installed to Garibaldi Hill
along with Wi-Fi telemetry.
The Harbortronics time-laps camera kit installed at Harris Lookout continues to acquire images, but the
problems with the Digisnap controller persist. During 1 April to 30 September 2018 the camera stopped taking
photographs on at least 11 occasions, typically for a period of 4–6 hours. Currently, the timer is programmed
with four 6 hour schedules (every 15 minutes from 6 am to 12 pm and 12 pm to 6 pm, and every 30 minutes
from 6 pm to 12 am, and 12 am to 6 am), so after each pause acquisition restarted at the beginning of the next
schedule. However, on one occasion no photographs were taken for 47.5 hours.
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4.7 Thermal Cameras
MVO continues to operate two thermal cameras: the Mobotix M16 Thermal IR camera fixed at MVO, and a
handheld FLIR T650sc which is used during observation flights. There have been no issues with either during
this reporting period.

4.8 Remote Sensing Data
Due to the lack of surface activity at SHV, there has been no acquisition of satellite imagery.

4.9 Infrasonic Monitoring
There have been no changes to the MVO infrasonic network during this reporting period, other than the realtime acquisition of high-rate barometric data from the CALIPSO stations that will make it easier for this data to
be used in supplementing the existing network. The value of infrasonic monitoring was demonstrated by the
possible small explosive event that occurred on the 31 January 2018, where the infrasonic signal recorded at
MBFL, along with a similar signal on the barometer at Trant’s Calypso station were able to provide strong
evidence of an explosion occurring.
The infrasound array around MVO operated by the University of Florence has been inoperative since it was
damaged by a lightning strike on 17 September 2011. MVO is still waiting for a visit by staff from the University
of Florence to repair and/or replace the instruments, although the current status is unknown.
MVO still operates and maintains its own network of four infrasound sensors at the following seismic stations:
MBFL (Flemmings), MBGB (Garibaldi Hill), MBGH (St. George’s Hill) and MBLG (Long Ground) – although only
one of these (MBFL) is currently operational.
An upgrade of the infrasound monitoring system is planned as part of the upcoming seismic upgrade,
potentially with sensors installed at each seismic station using extra digitiser channels. Instrumentation options
and advice were provided in discussions with staff at GNS, New Zealand, during P. Williams visit to GNS in
March 2017.

4.10 Risk Evaluation
In order to better evaluate the current and future risk from natural hazards on Montserrat, including hazards
from the volcano, several new activities have been implemented which broadly fall under three categories:
1) Multi-hazard risk assessment for Montserrat
2) Refined volcanic hazard and risk assessment for Zone V
3) Long-term outlook of hazard and risks using expert elicitation methods
Current/ongoing activities under these categories can be summarized as follows:
1) Multi-hazard risk assessment for Montserrat:
•

Development of a time-dependent risk modelling framework to better understand risk sensitivity for
the tourism sector from natural hazard events (funding proposal submitted to TWAS).
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•

Establishment of a Seismic Hazard Assessment Committee within UWI-SRC to scope the undertaking of
regional PSHA (Probabilistic Seismic Hazard Assessment) to include Montserrat (including evaluation of
capacity for future development of risk-targeted seismic maps).

2) Refined volcanic hazard and risk assessment for Zone V:
•

Development of spatio-temporal population modelling for exposure-based risk assessment in Zone V
(pending computer availability/software purchase).

•

Establishment of a database of existing hazard modelling/assessment work undertaken on Montserrat
(to be made available to researchers online).

•

Evaluation of DEMs for hazard assessment on Montserrat, comparison of temporal and spatial
resolution (InSAR, real-time kinematic GPS, photogrammetry). This is a collaborative UWI-SRC project
between Dr Victoria Miller, Dr Karen Pascal, Dr Stuart Hatter and Ms Cassie Roopnarine (C.O.R.E.
internship to establish GPS survey undertaken in July–August 2018 see Section 5.5, Figure 47).

•

Development of a long-term monitoring survey for Plymouth, Montserrat, using remote sensing
(InSAR, photogrammetry) and ground-based techniques (real-time kinematic GPS, seismic, GPR).
Collaborative UWI-SRC project between Dr Victoria Miller, Dr Karen Pascal, Dr Stuart Hatter, and Dr Leo
Peters.

3) Long-term outlook of hazard and risks using expert elicitation methods:
•

Liaison with the Government of Montserrat Statistics Department regarding data and reporting from
the 2011 census (currently used in SAC reports).

•

Liaison with the Government of Montserrat Statistics Department regarding interim census. It was due
to take place in February 2018, but was postponed and will be conducted during 23 September – 24
October 2018. The new census data will be geo-located and MVO will need to negotiate access to the
data.

•

Liaison with the Government of Montserrat Physical Planning Unit regarding available GIS data used for
the 2011 census (and acquisition of aerial photography used for the Plymouth monitoring survey).

•

Review of the event tree for the SAC meeting elicitation process. Collaborative project between Dr
Victoria Miller and Dr Eliza Calder.

•

Assessment of calibration questions for elicitation purposes.

Ongoing issues:
It has not been possible to commence the analysis of exposure data (population modelling) for Zone V due to a
delay in acquiring the necessary computational hardware and GIS mapping software.
The issue of population numbers is fundamental to the estimation of societal risk level. Since SAC 18 the
quantitative risk analysis has used population numbers that are partly based on information from the May
2011 census. However, the numbers cited for the population located in the area south of Nantes River were
underestimated, with the figure of 583 used in the SAC report representing ~66% of the actual figure (887)
listed in the 2011 census report (‘Census 2011: Montserrat at a glance’).
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4.11 WEBOBS
The WEBOBS site continues its critical function as the main portal to MVO monitoring data. MVO now
maintains this installation of WEBOBS without support from IPGP.

4.11.1 Hardware failure of webobs computer/PC
On 06 July 2018 a major hardware fault occurred with the webobs PC rendering it unable to turn on. As an
interim measure the hard disks were removed from the PC and inserted into another machine, a spare PC in
the Ops Room, that was previously used as an acquisition machine for the Spiders. After replacement of the
existing hard drives the linux OS booted successfully, and with some adjustment to configuration this system
was able to function as an interim solution in order to maintain access to the site.

4.11.2 Installation and migration of WEBOBS to new virtual server
Following the hardware failure in July, the migration of the webobs system to a dedicated virtual server was
brought forward as a priority. As of 09 August 2018, hosting of the webobs site was switched over to the new
virtual server. This has improved both the performance and reliability of the site.
The new virtual machine is a Linux server running a 64-bit version of Debian 9.5 stretch hosted on a physical
host machine in the MVO server room. It has a 4x quad-core Intel Xeon E5-2690 processors, 16GB of RAM and
1TB of hard drive space on the root filesystem. The following steps were taken to complete the installation and
switch-over:
Installation
1. Webserver
Apache and associated tools were installed, requiring some configuration to get working. Both the main
webobs site and the development site are being hosted as "Virtual Hosts", as before. In addition, a caching
accelerator, varnish, was installed.
2. File synchronization
Configuration and data files for the actual webobs system (rather than OS files) were synchronised from the
existing machine, initially from the latest backup. Some files needed adjustment, and once the main changes
were complete, the data files were kept up to date with an rsync script.
3. Databases - postgresql
The biggest issues were caused by migration of the existing postgresql databases (station metadata,
observation log, weather data), as the old version was installed in a non-standard location. The latest version of
postgresql was installed on the new server via apt-get. To avoid manually creating users, permissions and
databases, the simplest method found was to use the pg_dumpall command to output the existing databases
and then reload them on new server using psql.
4. Matlab
A lot of webobs functionality relies on the commercial software Matlab. An existing MVO licence was used to
install Matlab version R2010b (64-bit) on the new server. This was only a slight upgrade to the previous version
(2010a) so caused minimal issues. Existing Matlab scripts were tested and appear to be functioning normally.
The daily and hourly ksh script cron entries have also been tested and enabled.
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Migration and switchover
Once the above steps were completed, to finalise the switch-over the ip addresses and hostnames were simply
swapped between the new server and the original desktop PC host. This meant a (fairly) seamless final
switchover. The old desktop host has been retained as an emergency backup via a dual boot setup, with the
machine itself repurposed as a dedicated Nagios computer.
All usernames and passwords (web site logins and linux user accounts) were kept exactly the same. Since the
new server cannot be physically accessed, the easiest way to access the machine is via secure-shell (ssh). A
Xvnc server has been installed so it is to possible to connect with a Remote Desktop session using rdesktop or
similar from either linux or Windows.

4.12 Computing Infrastructure
MVO is now connected to a dedicated fibre-optic link, with the microwave link being kept as a back up. This has
resulted in a noticeable increase in internet connection speeds, which are now limited by the connection
between Montserrat and Antigua.
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5 MVO Operations
5.1 Staffing
Dr Adam Stinton is currently on sabbatical at the University of Bristol, UK. Dr Stuart Hatter has been recruited
on a one-year contract to take his place.
The Software Engineer position is still vacant.
Two interns were recruited for MVO’s internship program for the year 2018, Diandra Doman and Shantial
Campbell. Diandra worked from April to September and Shantial will be with MVO through the end of 2018.

5.2 Staff Training, Visits and Conferences
All MVO Staff completed Red Cross First Aid Training in February 2018.
Dr Victoria Miller attended UWI Leadership Training in March 2018.
Mr Roderick Stewart and Dr Victoria Miller attended the IAVCEI Cities on Volcanoes conference in September
2018.

5.3 Education and Outreach
5.3.1 UWI Postgraduate Course Development – Tertiary/Professional
At this stage four key course types are being scoped out for delivery through UWI-SRC/MVO:
1) Traditional UWI courses for delivery at St. Augustine campus for UWI-SRC students (e.g. semester-long
volcanology).
2) Residential field courses for delivery on Montserrat (e.g. volcano monitoring techniques), with a view to
open attendance for international students.
3) Professional development short courses for operational staff (residential/online), e.g. disaster managers,
government and policy makers in the region.
4) Professional development short course for delivery at St. Augustine for UWI students (e.g. writing research
proposals). Anticipated pilot to be developed for UWI-SRC students, with possible wider delivery across UWI.
The following activities have been undertaken:
•

Establishment of an informal network within UWI-SRC and MVO to discuss ideas and share progress on
course development.

•

Catalogue of existing international volcanology courses, distributed to UWI-SRC and MVO staff.

•

Meeting with the head of the Continuing and Professional Education Unit of OpenUWI.
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•

Acquisition of documentation for the Continuing and Professional Education Framework and materials
to develop Continuing Education Units (CEU) for professional development courses, including
accreditation in the OpenUWI system.

•

Ongoing engagement with OpenUWI Montserrat campus regarding course development and funding
opportunities.

•

Presentation to CDEMA to raise awareness of future engagement (proposed visit in 2019) regarding
development of targeted professional courses.

•

Draft stakeholder survey for postgraduate courses under development.

•

Collation of existing UWI-SRC materials for UWI approved accreditation for traditional student courses.

•

Discussions with Dr Rick Thomas (Birmingham University) regarding running a short course on UAV
(Unmanned Aerial Vehicles/“drones”) for environmental studies on Montserrat.

•

Attendance at the OCTA-Innovation/Government of Montserrat “Montserrat Innovation Days” focus
on edu-tourism.

•

Submission of preliminary concept proposal to OCTA-Innovation for two projects (i) “Volcanology in
Montserrat - An opportunity for place-based learning.” (ii) “Professional Disaster Management Training
- Contextual training strategy.”

5.3.2 Primary and Secondary Schools
MVO is partnering with Ministry of Education to organize a STEM education outreach event for the schools and
the pubic in December 2018. This event will take the form of a science-themed festival, an alternative form of
Science Week, which has been held bi-annually from 2014 to 2018.
Dr K. Pascal has been mentoring a Montserrat Secondary School student for her Geography School Based
Assessment (SBA) project, requested CSEC component, focused on `Risk perceptions in Montserrat’
Dr Victoria Miller is supervising Gaamal Celaire of Montserrat Secondary School for his CSEC Geography SBA
(School-Based Assessment) project focused on building vulnerability to earthquake hazard on Montserrat.

5.3.3 Soufrière Hills 25 Years On Conference
In 2020 MVO/UWI-SRC will host the “Soufrière Hills Volcano 25 Years On” conference (SHV25) to be held in
Montserrat, West Indies, from 20 to 24 July 2020, 25 years after the start of a series of eruptions at the
Soufrière Hills volcano. The theme of the conference is “Opportunities From Disaster: Lessons from 25 years
living with the volcano.” SHV25 will bring together scientists, social scientists, government and NGO officials,
and representatives from the private sector and the community to reflect on the lessons learnt and the
opportunities that have arisen from living with an erupting volcano for 25 years.
Progress towards the conference include:
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•

Establishment of the SHV25 Scientific Organising Committee (Victoria Miller - Chair, Jenni Barclay, Eliza
Calder, Natalie Edgecombe, Erouscilla Joseph, Rod Stewart, Richie Robertson) and progress meetings.

•

Initial call for participation on the SHV25 Local Organising Committee.

•

Logo design commissioned and finalised.

•

Facilities assessment and confirmation of booking the host venue - Montserrat Cultural Centre.

•

Liaison with organizer of the local ‘Calabash Festival’ to coordinate conference dates and activities.

•

Initial announcement of the conference dates at Cities on Volcanoes 10 conference, Facebook
announcement, webpage, email listserve and via IAVCEI newsletter.

•

Setup of externally hosted SHV25 website (www.shv25.com) and email address (info@shv25.com).

•

Announcement/first circular design (first circular to be distributed early 2019).

•

Contact of potential invited speakers.

5.3.4 Community Education and Outreach activities
MVO held a community meeting on June 23th. The purpose of the meeting was to assess information needs in
the local community Spanish-speaking community. It was well attended. The MVO movie presentation was
shown to provide historical background on the eruption. With the help of translator Carmen Farrell, questions
were answered by Natalie Edgecombe, Dr Karen Pascal and visiting volcanologist Dr Giancarlo Tamburello of
INGV.
There was opportunity for collaboration and exchange with SRC with the visit of Thais Ramos, who covered for
Natalie Edgecombe during her 2-week vacation leave in August. Natalie in turn joined SRC during a volcano
awareness campaign held in St Vincent in October.

5.4 Helicopter
Helicopter service is being provided weekly by Caribbean Helicopters Limited, from Antigua.

5.5 Volunteers / PhD students / Visitors
Dr. Tom Richardson and other colleagues from the University of Bristol, UK, visited MVO between 22 and 28
April 2018 to kick start collaboration on the use of drones or UAV’s for volcano monitoring at MVO as part of
the wider CASCADE project. A second visit is planned for later in the year to deploy aircraft.
PhD student James Christie and supervisors Prof Jenni Barclay, Dr Georgie Bennett (University of East Anglia,
UK) and Dr Mel Froude (University of Sheffield, UK) visited the MVO from 28 April to 9 May 2018. They carried
out field work in Plymouth, the Belham Valley, and on the Trant’s pyroclastic fan, for James’ PhD project, which
focuses on modelling lahar hazards on Montserrat.
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Dr James Hickey (University of Exeter, UK) visited MVO between 19 May and 1 June 2018 to further
collaboration activities with Dr. K. Pascal. Significant progress was made for their project regarding Finite
Element modelling of the deformation related to the loading/unloading of the volcanic edifice, and future
publications and joint projects were discussed.
Dr. Giancarlo Tamburello of INGV visited the MVO between 19 June to 11 July (including 1 week at the
Guadeloupe Observatory) to work with Dr. T Christopher on the installation of the permanent multigas
instrument at MVO.
Cassie Roopnarine visited MVO under the UWI-SRC C.O.R.E. (Creating Opportunity from Research Experience)
programme as an intern in July–August 2018. The project entitled “GPS surveying of volcanoclastic deposits at
Soufrière Hill Volcano Montserrat” was co-supervised by Dr Karen Pascal and Dr Victoria Miller, with additional
support provided by Dr Stuart Hatter and other members of staff at MVO. The internship was very successful
and resulted in GPS surveys undertaken at two locations, creation of subsequent DEMs using ArcGIS and
comparisons between the results and LiDAR data, as well as the DEM created using photogrammetry. Cassie
presented the results at the end of her internship to staff and students at MVO and UWI-SRC (video
conferenced, Figure 47), and wrote a final report summarising the findings: “Use of Spatial Analysis for the
Development and Comparison of DGPS, Photogrammetry and LiDAR DEMs: A Case Study from Lover’s Lane and
Plymouth.”

Figure 47. C.O.R.E. intern Cassie Roopnarine presents the results of her project “GPS surveying of volcanoclastic deposits at Soufrière Hill
Volcano Montserrat”, which was co-supervised by Dr Karen Pascal and Dr Victoria Miller.

Dr. Mike Bergman and other staff and students from Simon's Rock College, Massachusetts, USA visited
Montserrat from 28 December 2017 to 18 January 2018. They were given scientific lectures and a tour of MVO,
and a guided hike in Centre Hills by Dr P. Smith. Discussions were also held with MVO staff on possible future
collaborations on student research projects.
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PhD student Jade Eyles and supervisor Dr. Jess Johnson from University of East Anglia, UK, visited the MVO
from 17 to 27 February 2018, to collect relevant seismic data from MVO, complete an MoU and discuss the
details of the project with MVO staff. Jade’s PhD is being co-supervised by Dr. P Smith and aims to identify and
develop the best method for accurately locating earthquakes at the Soufriere Hills Volcano. The relocated
earthquake catalogue will then be used to investigate the magmatic system beneath the volcano alongside
other techniques.
Dr Glenn Thompson, Dr. Jochen Braunmiller and Dr Mel Rodgers from the University of Southern Florida visited
MVO from 19 March to 2 April 2018 to work with MVO staff to install four temporary seismic stations in the
Belham Valley as part of a project on lahar monitoring (see Section 4.1.6).
MVO provided briefings on the volcano to the following:
•

Staff from the UK military Joint Forces HQ and the commanding officer of RFA Mounts Bay during a
meeting of NDPRAC at MVO to discuss lessons learnt following the passage of Tropical Storm Isaac in
September 2018

5.6 Collaboration and External Projects
Collaborations for K.Pascal:
•

Increase the accuracy of GPS data, refining their processing with GAMIT/GLOBK: collaboration with Dr.
S. Hreinsdottir, Dr. N. Fournier (GNS, New Zealand) and D. G. Ryan (UWI-SRC)

•

Development of a method to process a network combining both single- and dual-frequency GPS
receivers: collaboration with Dr. K. Palamartchouk (University of Newcastle, UK)

•

Modelling and correction of the transient and seasonal variations at SHV continuous GPS timeseries:
collaboration with Dr. P. Fang (University of California, USA) and Prof. M. Bevis (University of Ohio,
USA)

•

Investigation of the potential sources of the ground deformation signal during the on-going pause in
magma extrusion (2010-pst) using Finite Element and analytical modelling: collaboration with Pr. J.
Neuberg and Dr. A. Collinson (University of Leeds, UK)

•

Isolation, 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:
collaboration with Dr. J. Hickey (University of Exeter, UK) and Dr. H. Odbert.

•

Integration of InSAR and GPS measurements for monitoring tectonic and volcanic deformation in the
Lesser Antilles: collaboration with Dr. G. Ryan (UWI-SRC), Dr. I. Hamling and Dr. N. Fournier (GNS, New
Zealand)

•

Assessing whether statistical `non-stationarity’ patterns in ground deformation time series can be
related to changes in the volcanic system: collaboration with Pr. G Nason, Dr S. Nason (University of
Bristol, UK), Dr H. Odbert, Dr P. Smith (MVO). This project drew to a close in April 2018, no sites having
exhibited statistical patterns that could potentially lead to a better understanding of the magmatic
system during the primary investigations.
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On-going collaborations/projects for Dr Victoria Miller:
Risk assessment on Montserrat
Collaboration with Dr Eliza Calder (University of Edinburgh, UK/SAC):
•

Event trees for expert elicitation.

•

Expert elicitation calibration questions.

Collaboration with Dr Christina Magill (Macquarie University, Australia)
•

Proposal submitted to TWAS (The world academy of sciences for the advancement of science in
developing countries) for funding to support “Development of a framework for time-dependent risk
modelling as an evidence base for risk-sensitive tourism.”

Supporting Volcano Scientists in a Resource or Technology Constrained Context: IAVCEI-DNN & UWI-SRC
hosted workshop in June 2019
Collaboration with IAVCEI-DNN (network for volcano scientists in Lower to Middle Income Countries - LMIC) to
hold a workshop in Trinidad in June 2019. The UWI-SRC is hosting the workshop, in conjunction with the
IAVCEI-DNN. The theme for the workshop is “Fostering developed-developing country partnerships for the
advancement of global volcano science,” with a focus on development of best-practice engagement protocols
for international and local scientists working in developing countries. Dr Victoria Miller is the chair for the
IAVCEI-DNN working group and is leading the organization of the workshop.
Current activities include:
•

Funding proposal submitted to IUGG for financial support for attendees to the workshop (successful).

•

Funding proposal submitted to IAVCEI for financial support for attendees to the workshop (successful).

•

Funding proposal submitted to UWI for financial support for hosting the workshop (pending finalization
of the logistics).

Assessment and development of operational monitoring techniques for volcanoes
Collaboration with Matthew Garthwaite (Geoscience Australia), Guorong Hu (Geoscience Australia), Steve
Saunders (Rabaul Volcano Observatory), Michelle Parks (University of Iceland), Amy Parker (Curtin University):
•

Publication in review, submitted to Frontiers in Earth Science Geohazards and Georisks (Special topic
on InSAR) – “A simplified approach to operational InSAR monitoring of volcano deformation in low- and
middle-income countries: Case study of Rabaul Caldera, Papua New Guinea.”

Collaboration with Leo Peters (UWI-SRC), Charles Ammon (The Pennsylvania State University), Patrick Smith
(UWI-SRC), Barry Voight (The Pennsylvania State University), Roderick Stewart (UWI-SRC):
•

Conference presentation at Cities on Volcanoes 10 (2018) – “Optimising the focal mechanism solution
uncertainties from volcano-tectonic earthquakes recorded on small-aperture seismic networks: A case
study from the Soufrière Hills volcano, Montserrat.”

•

Publication in preparation – “Optimising the focal mechanism solution uncertainties in sparse datasets
and heterogeneous environments – ensuring operational and research requirements are met.”
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Volcano-tectonic earthquake analysis
Collaboration with Charles Ammon (The Pennsylvania State University), Leo Peters (UWI-SRC), Patrick Smith
(UWI-SRC-MVO), Barry Voight (The Pennsylvania State University), Derek Elsworth (The Pennsylvania State
University), Silvio De Angelis (University of Liverpool):
•

Publication prepared for Earth and Planetary Science Letters – “Characterising earthquakes at longlived volcanic eruptions: volcano-tectonic ‘strings’ on Montserrat and their relationship to volcanic
activity.”

Development of contextual based training courses for postgraduates and professionals in volcanology to be
delivered by SRC/MVO
Collaboration with Rick Thomas (University of Birmingham, UK) to develop and deliver a tailored course on UAV
to be held on Montserrat:
•

Scoping/development of funding proposals.

Development of educational resources/curriculum in natural hazards & disaster risk reduction
•

Expression of interest submitted by UWI-SRC to World Bank to provide consultancy services for
national curriculum development in climate change mitigation and adaptation and disaster disk
reduction for Saint Vincent and the Grenadines as part of the Regional Disaster Vulnerability Reduction
Project.

On-going collaborations/projects for P. Smith:
•

Collaboration with other staff and colleagues at the SRC, providing advice and analysis on volcanic
seismicity during the recent unrest episodes at Kick‘em Jenny submarine volcano.

•

Collaboration on a study of very-long period seismic signals at SHV with Dinko Sindija and Prof. J.
Neuberg at University of Leeds, UK. Conference presentations at VMSG – “Analysis and interpretation
of very long-period seismic signals on volcanoes”, and EGU – “Resolution test for moment tensor
inversions of very-long-period seismo-volcanic signals”.

•

Co-supervision of PhD student Jade Eyles on joint NERC-funded project on methods and results from
VT earthquake relocation at SHV, in collaboration with Dr. J. Johnson and Prof. J Barclay (UEA, UK).
Conference presentation at VMSG – “The Role of Accurate Earthquake Locations in the Mapping of a
Volcanic Plumbing System”.

5.7 MVO Archive
Work on the MVO Archive continues slowly.

5.8 MVO Website
The MVO website is still under development. MVO uses Facebook as its main presence on the internet.
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Appendix A: Trends in VT earthquake depths
A1 Introduction
Investigation into long-term changes in VT earthquake depth patterns was prompted by the observation that
VT hypocentres at SHV appear to show a trend of increasing depth over the last few years. This was reported
extensively in the last few MVO activity reports, and this section serves as an update to the previous analysis
now that an additional few months of data are available. Repeat analysis through relocation of a subset of
earthquakes using the common phase method has also been included.

A2 Data analysis
Figure A1shows a plot of the depths of VTs recorded at SHV since Phase 5 (updated to October 2018), with the
right-hand panel zooming in to the period since March 2012. Despite some scatter in the data, there appears to
be a general trend of shallowing VT depths from February 2010 until March 2012, followed by increasing VT
depths with time since March 2012 (vertical dashed black line), getting deeper by around 1km over this period.
This trend is observed more clearly in the mean and median filtered moving average plots in Figure A1, which
show the depths filtered with a sliding 50-day time window.
The additional data from the last year or so suggests a levelling off of this trend, and perhaps even a slight
reversal in early 2018, followed by a significant increase in depths, more in line with the long-term trend, from
the middle part of the year. This appears to be, at least partly, due to network effects, with functionality
somewhat reduced in the early part of the year due to fewer available stations and timing errors, leading to
fewer picks and hence larger uncertainties in the hypocentres, particularly the depths. The shift to greater
depths coincides with the introduction of real-time acquisition from the CALIPSO stations in May 2018 (see
Section 4.1.2 Software and acquisition changes), with the addition of these station picks appearing to have a
significant effect in increasing the hypocenter depths (as well as significantly reducing the error in depths).
In order to assess how robust this trend is, and whether it is an artefact of either the location process or
network bias, Figure A1 also shows the error in the depth (as given by the output of the HYPOCENTER program)
and the number of station picks (P-waves) used in obtaining the location.
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Figure A1: Updated plot of VT hypocentral depths vs time. Left hand panel shows post-Phase 5, right-hand panel shows post-March
2012. Black dashed vertical line represents the large magnitude VT string on 23 March 2012, red dashed vertical line marks the
introduction of the SPIDERS to the MVO seismic network. Top plot shows the hypocenter depths, followed by: the error in the depth,
the number of station (P-wave) picks used for the location, a 50-day moving average filter of the depths, minimum and maximum
depths in a sliding 50-day window and finally the bottom plot shows the 50-day standard deviation of the depths. Real-time acquisition
of seismic data from the CALIPSO stations was introduced in mid-May 2018.

A2.1 Common station/phase method
As the MVO seismic network has not remained constant over time – for example due to new stations, outages,
timing errors, or the introduction of the Spiders – some scatter may have been introduced into the locations as
different combinations of stations were used in the hypocentral solutions. In order to try and reduce any
impact of this network bias, an approach that uses a common set of phase-picks from a fixed set of stations
(e.g. Lahr, 1992) was employed on the VT earthquake catalogue. This was used in previous reports, and is
repeated here with additional data.
First, a subset of earthquakes was identified by analysis of the phases used in determining each hypocentral
location. Figure A2 shows the fraction of VT events that include P-wave and S-wave phases in their solutions,
for each station in the MVO network. Focussing only on events since Phase 5 (after 11-Feb-2010), and using
cut-off values of 0.8 (for P) and 0.6 (for S) found 388 earthquakes containing a common set of phase picks. The
criteria used were: P-phases at 6 stations: MBBY, MBFL, MBGH, MBLY, MBRY and MBWH, and S-phases at 4
stations: MBBY, MBLY, MBRY, MBWH. This choice was a trade-off between the number of events in the subset
and having enough phases available to calculate robust locations.
75

Figure A2. Fraction of VT earthquakes that possess P-wave (left) and S-wave (right) picks for each seismic station in the MVO network.
The upper two panels show fractions calculated using all VT earthquakes from SHV and the lower panels for earthquakes since Phase 5
only. Using this plot, cut-off fractions of 0.8 for P-waves and 0.6 for S-waves, were chosen to select earthquakes for relocation using a
common set of stations.

Once the subset of earthquakes with common phases was identified, the hypocenters were relocated using
only this set of phase picks. This was done using the same location program within SEISAN (HYPOCENTER), and
using the exactly the same 1-D velocity model as used for the original MVO catalogue. The results are shown in
Figure A3 and Figure A1 which compare the relocated depths to the original catalogue locations, with 50-day
moving averages and the associated uncertainties. The difference or change in depth between the original and
relocated hypocenters is also plotted in Figure A1.
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Figure A3: Depth of VT earthquakes with time since Phase 5. A subset of 388 earthquakes were selected for relocation with a common
set of station picks. Top: Relocated hypocenters using only these stations are shown in blue, while original MVO catalogue hypocenters
are shown in red. 50-day moving averages are also plotted. Bottom: Depth of VT earthquakes with time since Phase 5, with error bars
indicating the uncertainty. Again, relocated hypocenters are shown in blue, while original MVO catalogue hypocenters are shown in red.
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Figure A1. Difference in depth between the original and relocated hypocenters for a subset of 388 VT earthquakes since Phase 5 that
were selected for relocation with a common set of station picks. Positive values indicate greater depths (i.e. deeper) in the original fullnetwork hypocenters compared to the relocated depths

A3 Results
The results up to 2018 show very little difference between the relocated and original hypocenter depths, with
the overall trend consistent between both. There is perhaps a suggestion that the relocated hypocenters (in
blue) are slightly shallower – particularly between 2015 and 2017 – but the difference is minimal. However, in
2018 there is a definite change in pattern, with much greater divergence between the two datasets. Station
outages and timing problems in the early part of the year resulted in fewer station picks and hence fewer
earthquakes available with the requisite set of picks for this common station analysis. As previously mentioned,
in mid-May 2018 real-time acquisition of seismic data from the 4 CALIPSO stations was introduced. This
appears to have had a profound effect on the depth of the hypocenters, greatly decreasing the depth error and
pushing the results to greater depths, and there is a significant offset of around 1km between the original and
relocated events in this period (Figure A1). This may be due to having a more far-field station in the north of
the island (GERD – Gerald’s), particularly for larger events, but it is clear that further research is needed to
explore the exact reasons and mechanisms for this effect on the locations.
The error bars in Figure A3 also show that in general there is a larger uncertainty associated with the relocated
results, although this is not surprising given that in general, they will contain fewer phase picks as additional
stations are excluded from the solutions.
It should also be kept in mind that this process of selecting a subset has in itself introduced a bias, as it is more
likely to be larger events that possess clear arrivals at each of the stations used. Despite this, the results are
encouraging and provide further evidence that the observed changes in hypocenter depths with time are real,
and not the result of network bias – at least up to 2018. This strongly suggests that further work is now needed
to explore possible physical mechanisms and models to explain this observation, as this result may be
significant when considered in the wider context of the eruption and possible future behaviour at SHV
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Appendix B: Additional GPS Plots

Figure B1. Tangential displacements recorded at campaign sites during Pause 5 (Feb. 2010- Oct 2018). 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. The strongest events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul. 2017, 31st
Jan 2018) have been highlighted (red dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm. See
Figure 24 for radial and vertical components.
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Figure B2. Radial extension relative to the volcanic vent since Jan. 1998. The reporting period (Apr 2018 – Oct 2018) 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 strongest VT events during Pause 5 (27 th Oct
2010, 09th Jul 2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance
separating the gridlines corresponds to a displacement of 1 cm.
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Figure B3. Tangential displacements relative to the volcanic vent since Jan. 1998. The reporting period (Apr 2018- Oct 2018) 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 strongest VT events during
Pause 5 (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line).
The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure B4. Vertical displacements observed since Jan. 1998. The reporting period (Apr 2018 – Oct 2018) 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 strongest VT events during Pause 5 (27 th Oct 2010, 09th
Jul 2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul 2017, 31st Jan 2018) have been highlighted (red dashed line). The distance separating the
gridlines corresponds to a displacement of 1 cm.
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Figure B5. MSCP, MSS1, MSUH ‘Spider’ Stations: Radial, tangential and vertical displacements relative to the volcanic vent since MSUH,
MSS1 and MSCP deployment (Jun. 2014- pst). FRGR and GERD displacements are also shown for indication. The distance stationvolcanic vent increases from bottom to top of each figure. The plate velocity has been removed from the data. Displacements due to
antenna changes have been corrected. The strongest VT events (27th Oct 2010, 09th Jul 2011, 22nd Mar 2012, 8th Mar 2014, 27th Jul 2017)
have been highlighted (red dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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