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Executive Summary
This report summarises the volcanic activity at the Soufrière Hills Volcano, Montserrat for the period from 1
October 2018 to 31 March 2019 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 five VT strings, of varying length and
intensity, occurred during the reporting period, bringing the total number of such strings since November 2007
to 110. 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 longterm inflation of both the volcanic edifice and the island.
The new SO2 gas-monitoring network installed in June 2017 continues to be operational. While not being
routinely reported by MVO, the data continue to be analysed using different wind sources. SO2 flux
measurements derived from helicopter traverses through the plume have been included in the MVO weekly
reports, and give an average flux of 280 t/day.
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 109 months long
as of 31 March 2019. 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 Soufrière Hills volcano at this time.
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1 Volcanic Activity for the Period 1 October 2018 to 31 March 2019
1.1 Summary
Figure 1 below summarises the daily seismicity, GPS and SO2 flux for the period 1 October 2018 to 31 March
2019.

Figure 1: Seismic, GPS and SO2 monitoring data for the period 1 October 2018 to 31 March 2019. 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: Measured daily SO2 flux derived from traverses beneath the
plume.

Activity has remained low during the reporting period, with seismicity dominated by volcano-tectonic (VT)
earthquakes and occasional rockfalls (RF).
The trend of occasional bursts of VT seismicity in the form of brief swarms of VTs (so-called VT strings) has
continued during this reporting period. A total of five VT strings, of varying length and intensity, occurred during
the reporting period, bringing the total number since November 2007 to 110 (see Section 1.2.5 VT Strings). The
most intense VT string occurred on 13 November 2018 with one of the events having magnitude M L3.0. This
string had a total of 54 VTs in 23 minutes. Another long duration VT string occurred on 3 February 2019, with 37
events over two hours, the largest of which had a magnitude of ML2.4. None of the strings were associated with
any observable changes in SO2 flux, fumarole activity or the occurrence of ash venting.
Ground deformation continues to show a long-tern inflation trend that has been present since the beginning of
Pause 5 in February 2010.
At present, SO2 fluxes derived from measurements collected via helicopter traverses under plume have varied
normally between 150 and 450 t/d. This is in line with the long-term trend observed since Helicopter traverses
were established. The loss of helicopter support in March 2019 means no data are available since then.
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The end of the rainy season (October and November 2018) saw mudflows in several drainages simultaneously
on two occasions. On 15 October and 12 November, mudflows in Gingoes Ghaut and Paradise River were
detected by seismometers in the 2010 collapse scar, in Upper Broderick’s and at Harris Lookout. Only the
mudflows in Gingoe’s Ghaut reached the sea. In addition, a large mudflow was observed in the Belham Valley on
12 November, flooding the gravel pits excavated upstream of the upper crossing (see cover photo). Due to safety
concerns, the upper crossing was intentionally breached to allow the flooded gravel pits to drain.
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1.2 Seismicity
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 October 2018 to 31 March 2019
inclusive and shows that the pattern of sporadic VT earthquakes and occasional rockfalls has continued. Figure
3 displays the daily counts for all event types since the end of Phase 5 on 11 February 2010.
As shown in Figure 2: Daily counts of the different earthquake types recorded by the MVO network between 1
October 2018 and 31 March 2019. 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 five VT “strings” to have occurred during this
period are marked by the red stars on the VT plot., VT earthquakes made up the vast majority of the total
seismicity. A further five VT strings occurred during this reporting period. Low-frequency seismicity has been
absent, with no hybrid or low-frequency earthquakes. This pattern remains fairly typical of a pause in lava
extrusion at the SHV.

1.2.2 Current levels of seismicity
Table 1 lists the total number of events and mean daily event rates for each earthquake type during (a) the whole
of Pause 5 (from 11 February 2010 to 31 March 2019) and (b) the period covered by this report (1 October 2018
to 31 March 2019).
Table 1: Total number of events and mean daily event rates for each earthquake type during (a) the whole of Pause 5 (since
11 February 2010) and (b) the period covered by this report (1 October 2018 to 31 March 2019).

Event Type
LP/Rockfall
Hybrid
LP
Rockfall
VT
Total

(a) Pause 5 (since 11-Feb-2010)
Total
Events/Day
134
0.04
150
0.04
101
0.03
1753
0.53
2048
0.61
4186
1.25

(b) 01-Oct-2018 – 31-Mar-2019
Total
Events/Day
0
0.00
0
0.00
0
0.00
8
0.04
104
0.57
112
0.62

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 5). Low-frequency seismicity has been absent.
A further five VT strings occurred during this reporting period (see Section 1.2.3), but despite this the mean daily
rate of VTs for the last 6 months, 0.57, is slightly below the average across the whole of the current pause of 0.61
(Table 1). However, this value of 0.57 per day is an increase on the value for the previous 6 months reporting
period (01-Apr-2018 to 30-Sep-2018) of 0.42 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. 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.
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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).
Table 2: Total number of events and mean daily event rates for each earthquake type recorded at SHV during pauses in lava
extrusion. The dates of the pauses are defined as Pause 1: 10 March 1998 to 27 November 1999, Pause 2: 1 August
2003 to 15 April 2005, Pause 3: 4 April 2007 to 29 July 2008, Pause 4a: 14 October 2008 to 10 December 2008 and
Pause 4b: 4 January 2009 to 4 October 2009.

Event
Type
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
10969
17.49

Pause 2
Events
Total
/Day
2
0.00
1696
2.72
145
0.23
257
0.41
256
0.41
2359
3.78

Pause 3
Events
Total
/Day
34
0.07
393
0.82
1458
3.02
454
0.94
432
0.89
2797
5.80

Pause 4a
Events
Total
/Day
31
0.54
78
1.37
74
1.30
153
2.68
84
1.47
420
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

1.2.3 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. Table 3 lists the details of five more such strings that occurred
during this reporting period. 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. None of these strings were associated with
any surface activity, a correlation that had been proposed in previous reports, but that is now not very well
supported by the data.
Table 3: Table listing the VT Strings observed at SHV between 1 October 2018 and 31 March 2019. 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, and the maximum local magnitude.

1
2
3
4
5

Date/Time (UTC)

Triggering
VTs

Located
VTs

7 October 2018 21:12
26 October 2018 06:01
13 November 2018 08:31
30 November 2018 20:48
3 February 2019 18:45

4
3
14
2
6

2
3
13
2
6
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Manual
count
VTs
13
19
54
20
37

Approximate
duration
(minutes)
1.7
5
23
3
121.5

Max. local
magnitude,
ML
1.1
2.1
3.0
2.6
2.4
4

Figure 2: Daily counts of the different earthquake types recorded by the MVO network between 1 October 2018 and 31
March 2019. 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 five 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 31 March 2019. 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 October 2018 and 31 March 2019. 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: Daily counts of rockfall events since the end of Phase 5, i.e. from 12 February 2010 until 31 March 2019. 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.
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1.3 Ground Deformation
There was no significant change in the deformation pattern observed between 1 October 2018 and 31 March
2019, relative to the previous report (1 April to 30 September 2018) or overall since the beginning of Pause 5 in
February 2010. The long-term inflation of the island and in particular the volcanic edifice, is consistent with the
continuation of the pause in volcanic activity and pressurization of the magmatic system, although the rate has
clearly decreased 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 G.P.S
The time series observed at the continuous GPS stations are plotted for March 2017 – March 2019 (Figure 6
andFigure 8) and for Pause 5 (February 2010 – March 2019, Figure 9 andFigure 11), and the time series observed
at the campaign GPS sites are plotted for Pause 5 (Figure 12). The entire dataset (1998-present) is also given in
Appendix A: GPS Plots.
The GPS time series recorded at the GPS stations close to the dome (e.g. HERM, SPRI, FRGR or NWHT, LGRD,
LGFM, respectively) show no or very small horizontal deformation, while the stations further away show a slow
radial displacement away from the dome (e.g., GERD, NWBL, TRNT). 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 MSS1 spider station (see Section 1.3.2).
During Pause 5, significant displacements have been recorded at close-field GPS stations in correlation with
strong events, such as the ash venting event in March 2012 (Figure 9). However, no such displacements were
recorded at the GPS sites in correlation to the minor VT strings that took place during the reporting period.
A comparison of the GPS horizontal velocities corresponding to Pause 5 and the period October 2017 to March
2019 shows that for the two time-periods (Figure 13), 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. The
amplitude of the velocities of HERM, RCHY and SPRI for the period April 2017 to March 2019 are larger, however,
looking closely at the time-series (Figures Figure 6 andFigure 7), this is likely a processing artefact, reflecting in
particular the scattering or lack of data. 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 horizontal velocities since April 2017 are up to 4-5
mm/yr and are significantly lower than the rate for the entire Pause 5 (up to 8 mm/yr).
Figure 14 compares the deformation rates calculated for three periods of Pause 5. The first period (February
2010 to February 2012) was chosen to comply with the GAMIT/GLOBK processing limitations, but the two
following were found to be time periods with approximately stable deformation rates. Clearly, the deformation
pattern has remained similar since the beginning of Pause 5, showing an inflation of the island (see also Figure
15 for vertical deformation), however the deformation rates have significantly decreased since February 2010.
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Figure 6: Radial extension relative to the volcanic vent since the 1 April 2017. 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 July 2017, 31 January 2018, 13 November 2018, 3 February 2019) have been highlighted
(red dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure 7: Tangential displacements relative to the volcanic vent since 1 April 2017. 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 July 2017, 31 January 2018, 13 November 2018, 3 February 2019) have been highlighted
(red dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure 8: Vertical displacements observed since 1 April 2017. 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
July 2017, 31 January 2018, 13 November 2018, 3 February 2019) have been highlighted (red dashed line). The
distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure 9: Radial extension relative to the volcanic vent for Pause 5 (February 2010 to March 2019). 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 October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014, 27 July 2017, 31
January 2018, 31 January 2018, 13 November 2018 and 3 February 2019) have been highlighted (red dashed line).
The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure 10: Tangential displacements relative to the volcanic vent for Pause 5 (February 2010 to March 2019). 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 October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014, 27 July
2017, 31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019) have been highlighted (red
dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure 11: Vertical displacements for Pause 5 (February 2010 to March 2019). 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 October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014, 27 July 2017, 31 January 2018,
31 January 2018, 13 November 2018 and 3 February 2019) have been highlighted (red dashed line). The distance
separating the gridlines corresponds to a displacement of 1 cm.
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Figure 12: Radial (top) and Vertical (bottom) displacements recorded at campaign sites during Pause 5 (February 2010 to
March 2019). 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 October 2010, 9 July 2011, 22 Mar
2012, 8 March 2014, 27 July 2017, 31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019)
have been highlighted (red dashed line). The distance separating the gridlines corresponds to a displacement of 1
cm. See Figure A1 for tangential displacements.
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Figure 13: Horizontal velocities observed at the MVO GPS stations. Velocities are calculated relative to the Caribbean tectonic
plate velocity model. The velocity vectors compared are those for the entire Pause 5 (black), and for October 2017
to April 2019 (red). 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
position of the dome.
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Figure 14: Deformation rate decrease as shown by horizontal velocities observed at the MVO GPS stations during Pause 5
(February 2010 to March 2019). 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 15: Vertical and horizontal velocities observed at the MVO GPS stations during Pause 5 (left) and for the period
October 2017 to March 2019 (right). The velocities are calculated relative to the Caribbean tectonic plate velocity
model. When lacking a significant amount of data over one of the period 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 (FiguresFigure 6-Figure 11). The entire ‘Spider’ GPS station dataset, including MSUH (Upper
Hermitage) and MSCP (Chance’s Peak) is also given in Appendix A: GPS Plots.
During the reporting period (Figures Figure 6-Figure 8), the displacements observed at MSS1 are not different
than those of the continuous stations (e.g., HERM). However, displacements recorded at MSS1 (to the North and
down) prior to 2018 are likely not volcanic, but probably related to the spider settling down (as for MSUH and
MSCP in the past), although the possibility that MSS1 data show a local deformation pattern cannot be ruled
entirely out due to its proximity to the scar.

1.3.3 EDM
A map of the EDM baselines measured since February 2010 is given in Figure 16 (filled black circles). EDM
measurements provide data on the near-field deformation of the volcano. In Figure 17, the slant distances
changes recorded over the EDM network are represented for Pause 5 and for the reporting period.
Significant displacements have been recorded since the beginning of Pause 5, in relation with strong VT strings,
e.g., approximately 5 cm shortening in March 2012 for the southwest (SW) baselines (EDBR – EDUB and EDBR EDWR). No such displacements have been observed in relation of the minor VT strings that occurred during the
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reporting period. Since March 2012, an on-going lengthening (approximately 2 cm) of the SW baselines and of
the northeast (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 9).
Three horizontal GPS baseline variations measured between continuous stations, across the edifice and across
the island (Figure 16), are also represented for October 2018 to March 2019 and for Pause 5 (Figure 18).
During Pause 5, the step in the horizontal time-series occurring in relation with the March 2012 ash venting event
is visible on all baselines involving close-field stations. The on-going radial deformation is visible on all baselines
(Figure 18, 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 to the VT strings is visible.

1.3.4 Strain
No strain data were recorded in relation to the 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 16: Map of the EDM network (filled black circles) used at MVO during the reporting period and Pause 5 and of
complementing baselines computed between the continuous GPS stations (black circles). See also Figures Figure
17Figure 18.

MVO OFR 19-01: Six Monthly Report, Oct 2018-Mar 2019

21

Figure 17: Slant length variations (m) of the EDM baselines during the reporting period (5 upper panels) and during Pause 5
(5 bottom panels). See Figure 16 for network map. The strongest VT events (27 October 2010, 9 July 2011, 22 Mar
2012, 8 March 2014, 27 July 2017, 31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019)
have been highlighted (red dashed line).
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Figure 18: 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 16 for network map. The strongest VT events (27 October 2010, 9
July 2011, 22 Mar 2012, 8 March 2014, 27 July 2017, 31 January 2018, 31 January 2018, 13 November 2018 and
3 February 2019) have been highlighted (red dashed line).
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1.4 Gas Monitoring
1.4.1 Traverses
This report will cover the period for the entire traverse campaign from May 2017 to present; there is no network
data to report due to the lack of robustness in the dataset. The current long term average for this period is 271
t/d. The flux values showed some variation with a low value of 112 t/d on 8 August 2018 and a high value of 726
t/d on 13 December 2017; however the flux values are normally between 150 and 450 t/d. There appears to be
a trend of increasing flux values from August 2018 till around February 2019 (Figure 19), however no associated
volcanic activity has been correlated with this trend.

Figure 19: SO2 flux from helicopter traverse runs.

1.4.2 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 20 shows the average concentration of SO2, from tubes collected at twelve different locations around the
island. Most of the stations in the north of the island frequently record measurements that are below the
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reporting limit of <0.4 ppb. When this happens, these tubes are assigned the value of 0.4 ppb. As is clearly shown,
many of the sites continue to record low SO2 concentrations.

Figure 20: Average SO2 concentrations measured using SO2 diffusion tubes at several locations around Montserrat between
March 2010 and March 2019.

Figure 21 shows a comparison of SO2 concentration for six sites located up to 7 km from the volcano to that of
The United States National Ambient Air Quality Standards, which has an annual limit of 30ppb. All stations shown
in the plot continue to record levels below the 30ppb threshold.
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Figure 21: Annual mean SO2 concentrations from six sites close to SHV.
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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. Persistent
cloud cover prevented frequent observations from being made throughout the reporting period. Weather
conditions on 3 October 2018 permitted observation of most of the lava dome, except for the summit crater,
and on 21 December 2018 weather conditions allowed observations of the 2010 collapse scar and the eastern
(Tar River cliff and summit) section 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 decimetre scale) blocks at the base of the cliff.

1.5.3 Rockfall Activity
Figure 22 shows the daily and cumulative rockfall (RF) counts for the period 1 January 2015 to 31 March 2019.
The long-term trend of low rockfall activity has continued, with a total of 5 RFs detected by the seismic network
during the current reporting period. Seasonal variations in RF count are visible in Figure 22, and have been
reported in previous MVO activity reports.

Daily and Cumulative RF activity

Cumulative RF Count

1-Mar-19

1-Jan-19

1-Nov-18

1-Sep-18

1-Jul-18

1-May-18

1-Mar-18

1-Jan-18

1-Nov-17

1-Sep-17

1-Jul-17

1-May-17

0

1-Mar-17

0

1-Jan-17

20

1-Nov-16

1

1-Sep-16

40

1-Jul-16

2

1-May-16

60

1-Mar-16

3

1-Jan-16

80

1-Nov-15

4

1-Sep-15

100

1-Jul-15

5

1-Mar-15

120

1-May-15

6

1-Jan-15

Daily RF Count

1 January 2015 - 31 March 2019

Figure 22: Daily and cumulative RF counts detected by the MVO seismic network for the period 1 January 2015 to 31 March
2019. Plot shows the seasonal variation in activity that has been present since the end of extrusion in February
2010.
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1.5.4 Fumarole Monitoring
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 4 lists the dates between 1 October
2018 and 31 March 2019 when thermal images could be collected.
The temperatures listed in Table 4 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
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. Even so, there is some variation in the
temperatures recorded, and this is clearly shown in values presented in Table 4. Despite this variation, it should
be noted that some of the fumaroles remain very hot, with temperatures of over 500 °C recorded. Such high
temperatures have been recorded since the end of Phase 5 in February 2010.

Table 4: Maximum recorded temperatures (in °C) for various fumaroles on the lava dome. Temperatures are derived from
thermal images that have been corrected for distance to fumarole, atmospheric temperature and relative humidity.

Date
03 Oct
2018
26 Oct
2018
21 Dec
2018
11 Jan
2019
25 Jan
2019

Gas
Vent

23
March
Crater

Headwall
1

Headwall
2

Tar
River
Cliff

Tar
River
Rim

Tar River
Summit

S Crater
outer
rim

SW
Dome

Collapse
scar SW
rim

332

-

437

327

329

440

551

377

369

357

372

68

469

324

254

375

-

-

-

-

350

-

-

-

278

354

-

-

-

-

371

-

342

215

302

-

-

-

-

-

372

-

368

274

272

-

-

-

-

-

A trend of gradually decreasing fumarole temperatures has previously been identified, as detailed in Appendix C
of MVO OFR 17-02. However, recent data indicate a change to this trend, with fumarole temperatures remaining
steady for the past 12 months. This is discussed in Appendix B: Long-term trends in FLIR-derived fumarole
temperatures – An update.
A new temperature probe was installed in Galway’s Saddle on 26 October 2018, in the same hole as previous
probes. During the period 26 October 2018 to 23 January 2019 recorded temperatures varied little, maintaining
temperatures in the range of 95–97 °C, except for a brief excursion down to 87 °C on 3 November 2018 (Figure
23). This is similar to the behaviour observed in the period 21 June to 8 September 2018, which contrasts with
the lower and more variable temperatures recorded during 13 December 2017 to 27 April 2018 (Figure 23). It
has not been possible to access Galway’s Saddle to download the data from the data logger since 23 January
2019.
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Following installation of a new weather station at Galway’s Saddle on 3 October 2018 (see section 4.5), it is
possible to explore the link between Galway’s Saddle fumarole temperatures and atmospheric conditions; this
analysis is presented in Appendix C: Assessing the link between fumarole temperatures and atmospheric
conditions.

Galway's Saddle Fumarole Hourly Temperature Record
13 December 2017 to 31 March 2019
100

Temperature (°C)
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90
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80

75

70
12/13/2017

2/11/2018

4/13/2018

6/13/2018

8/13/2018

10/13/2018

12/12/2018

2/11/2019

Figure 23: Hourly temperature data recorded by the logger installed at Galway’s Saddle fumarole during the period 13
December 2017 to 31 March 2019.
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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 109 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.

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 22 and summarised by season since 2010 in Table 5, 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.

Table 5: Summary of RF activity and rainfall of the wet and dry seasons between 2010 and 2018. 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. *Rainfall data from weather station MVOWx, located next to the
MVO helipad

Year
2010
2011
2012
2013
2014
2015
2016
2017
2018

Rockfalls
Rainfall (mm)
Dry Season Wet Season Total Dry Season Wet Season Total
367
481
848
349
1680
2029
139
179
318
522
1434
1955
82
151
233
466
1216
1682
21
84
105
628
1234
1863
23
22
45
514
1073
1587
5
18
23
586
685
1271
8
40
48
633
1265
1898
15
15
30
No Data
No Data
5
7
12
610*
717*
1327

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 shortening of EDM lines observed prior to the onset of ash venting in March 2012 (see MVO OFR 1201).
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2.3 Criteria for Continuation of Activity
Since SAC 16 in November 2011, the potential for continuing activity has been considered against the following
three criteria:
1. Seismicity – 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.
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 6 lists the phases and pauses of the eruption of the Soufrière Hills Volcano, up to 31 March 2019, and
follows the traditional definition of a Phase as a period when lava is being extruded at the surface. Pause 5 now
accounts for 33.5% of the eruption.
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Table 6: Phases and pauses of the eruption of the SHV. * indicates as of 31 March 2019.

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

3334*

109.6*

9951*

326.9*

Total:
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3 Hazards and Risks
3.1 Hazard Assessment
The present lava dome, with a volume estimated at 190 M m3 (MVO OFR 14-02), 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 17–23. Therefore, we continue to hold
the view that little has changed with regard to the hazards posed by the Soufrière Hills volcano since SAC 23
(November 2018, Neuberg et al., 2018).

3.2 Hazard Level System
Due to the on-going 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 Room (Ops) to be staffed. The procedures are reviewed regularly, and there have been only a few
incidents where they have been breached. There were reports of tourists swimming in the ocean by the jetty in
the period of St. Patrick’s festival, when the largest influx of visitors occurs. There is on-going evidence to suggest
that unauthorised visits to Zone V have continued throughout this period for recreation purposes vehicles have
been sighted during weekends and there have been reports of beach parties. There is limited physical evidence
of much of this unauthorised access due to the largely unmonitored status of the exclusion zone.
An estimated 4283 people entered zone V on authorised visits from 1 October 2018 to 31 March 2019 refer to
Table 7 and Figure 24, which show the number of (authorised) visits and visitor estimates for the six-month
period covered in this report.
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Table 7: Data on the number of visits and people to Zone V for various activities during the six-month period from 1 October
2018 to 31 March 2019. 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.

Area(s) visited

# of visits

# of peopleii

Comments

Sand export

Plymouth jetty

96

663

i

Scrap metal

Lover’s Lane

0

0

Dredging
Geothermaliii

Plymouth jetty
Plymouth jetty

0
5

0
30

Plymouth
Plymouth jetty
Plymouth
Plymouth

298
0
0
0

3178
0
0
0

Plymouth

0

0

Various
Various

35
52

154
209

RMPS

Various

22

29

Other
Total

Plymouth

4
512

20
4283

Activity Purpose
Industrial

Tourism etc
Tourist visits
Ferry
Journalists
Film crews
Education
Students
Government
MVO
DMCA

people
estimate
ii
people
estimate
ii

people
estimate

ii

people
estimate
ii
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 The geothermal operations for equipment removal occurred in the time period 27 March – 8 April 2019 and therefore only the first part
of the visit is included in this reporting period log.
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Figure 24: Data on the number of visits and people entering Zone V for the period 1 October 2019 – 31 March 2019 for
various activities.

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 8, and Figures Figure
25 and Figure 26; the data are divided into six-month periods to align with MVO reporting. Figures Figure 25 and
Figure 26 show that: 1) sand mining visits have continued to increase since 2016, regardless of season; 2) tourist
numbers have continued to rise (regardless of season); and 3) the number of MVO visits has risen through time
but levelled off in the last reporting period. 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.

Table 8: (Next page) Data on the number of visits and people to Zone V for tourism, sand mining and MVO
activities. The data are grouped into 6-month periods from 1 April 2016 (~2 weeks after the records
began) to 31 March 2019, 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.

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
1 October 2018 –
31 March 2019
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
1 October 2018 –
31 March 2019
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
1 October 2018 –
31 March 2019
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

298

3178

rare

49

311

Commonly missing

53

357

Commonly missing

67

439

Commonly missing

69

462

Commonly missing

84

588

Commonly missing

96

663

Commonly missing

9

41

6

78

17

58

Rare, but often
undifferentiated
Rare, but often
undifferentiated
Rare

19

52

Rare

51

166

Rare

35

154

Rare

1105

10568

The number of people is an underestimate, as the exact number is not recorded in the MVO log in many instances
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Figure 25: 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 26: 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 8 indicates that there has been a steady increase in visitors to Zone V since 2016
(see also Figures Figure 25 and Figure 26). 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.
MVO is currently developing new methods to better assess the current and future risk from natural hazards on
Montserrat (see section 4.10).
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4 MVO Monitoring Networks
4.1 Seismic Monitoring
The MVO seismic network has continued to perform adequately during this reporting period, although outages
and other issues at a number of stations have comprised data quality at times.
A complete upgrade of the seismic monitoring network is planned for the second half of 2019.

4.2 Ground Deformation Monitoring
4.2.1 Continuous GPS (cGPS)
STATION
ANTG

GERD

MVO1
SPRI
SSOU

ISSUE / DATA LOSS TIME-PERIOD
The previous Trimble NetRS GPS receiver has been replaced by a NetR9 receiver by Dr G.
Ryan, SRC (the site is not serviced by MVO although its data are processed) on 3rd December
2018. There are no data between 23 August 2017 and 3 December 2018.
The site lease has been renewed until Sept. 2019. Discussions with the landowner to
possibly renew the lease will be undertaken in the near future. If the lease is not renewed,
MVO will move the site to a new location, and UNAVCO should still offer support for the
GPS equipment.
MVO1 is now discontinued. A new site will be built, at a similar distance from the dome to
MVO1 if possible.
The site is off since 23 May 2018, when it was noted that the antenna was tilted and the
monument needing refurbishment and a new receiver.
Site is off until it is refurbished and the receiver can be replaced.

Ten new receivers (Septentrio PolarX5) have been purchased, together with ten new antennas (Trimble Zephyr
Geodetic 3) and accessory equipment, via the MVO-SRC contract. This new equipment will upgrade the 6 MVO
sites with NetRS receivers (not serviced by Trimble any longer) and provide some spares. While all antennae and
receivers have been received at MVO, more accessory equipment have to be ordered, monuments have to be
fixed and receivers tested before the upgrade might be completed.
Telemetric access of the MVO cGPS stations has been relatively good during the reporting period.
Data gathered at the UNAVCO funded sites (RDON, NWBL, RCHY), and at the four stations installed by the
CALIPSO project (AIRS, GERD, OLVN, TRNT) are normally being transferred daily directly from the station to the
UNAVCO FTP site, where they are converted into RINEX and made publicly available. They are then downloaded
from the UNAVCO website in rinex format and are then incorporated in the MVO daily processing, with the other
stations. Since November 2018, the automatic data transfer via satellite link from the stations to UNAVCO (USA)
has not been functioning. To provide a temporary solution, the data are at the moment downloaded daily from
the stations to MVO, before to be transferred from MVO to UNAVCO. Two of the UNAVCO stations, AIRS and
TRNT, have had powers issues, causing a several amount of measurements to be missing and ultimately a noisy
daily GPS solution (see AIRS in particular).

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.
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Since 5 May 2016, the receiver used during eGPS measurements is a NetR9 receiver borrowed from SRC to
replace the MVO NetRS receiver that had failed in December 2015. In June 2018, after the purchase 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 from SRC stopped
working in 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 the receiver failed in early September 2018.
The repaired receiver was returned to MVO in October 2018.

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
correction 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 1.3.1).
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 tilt meter 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.
At present the strain data is downloaded quasi real-time from the IRIS repository, and plotted onto Webobs via
Matlab script.

4.2.7 Spiders 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 2 October 2015, for MSUH and MSCP respectively.
In March 2017, the Spider processing computer failed which caused loss of data between 29 March and 6 April
2017, when all scripts were recovered. Presently, the data are downloaded onto a Windows virtual machine
installed on a PC in the Operations room. The data is then copied onto Titan (in the Bubble) 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
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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.

4.3 Gas Monitoring
At present the Novac network is still operational with both instruments collecting data, there were some issues
with telemetry of the gas data and this has been resolved with the installation of Wi-Fi radios for the network
thus data from the instrument at Lovers Lane is being downloaded in real time. The absence of a helicopter has
made it impossible to change out the Freewave radios for the new Wi-Fi at the Broderick’s site; hopefully that
situation will be resolved shortly. We also have another network from the Manchester group working alongside
the Novac network the situation is similar for both networks, the instrument at Lovers Lane is operational and
downloading just like the Novac counterpart however the lack of helicopter has not allowed for the installation
of an instrument and Broderick’s thus we have one three scanning instruments installed two at Lovers Lane for
which we are getting real time data and one at Broderick’s which is storing data therefore both datasets are
incomplete and cannot be included in this report.
A weather station is currently being sourced that will enable the processing of real time gas data in the near
future.

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 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 geo-located 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 and surrounding ghauts.
The AVTIS3 radar instrument is currently fully operational and deployed at Windy Hill. Dr David Macfarlane
(University of St. Andrews) is currently finishing writing the operating manual for the AVTIS3, and will send a
copy to the MVO upon completion.

4.5 Fumarole Temperature Monitoring
A new temperature probe and logger were installed in Galway’s Saddle fumarole on 26 October 2018, which has
continued to work up until at least 23 January 2019 (the last date the site was accessed).
A HOBO U30 weather station was installed at Galway’s saddle (alias GALWx) on 3 October 2018, measuring
rainfall, temperature, atmospheric pressure, relative humidity, and wind speed and direction. Data was first
downloaded from this station on 21 November 2018, when it was revealed that there was a problem with the
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wind and relative humidity sensors, most likely caused by corrosion from nearby fumaroles; rainfall, temperature
and atmospheric pressure data looked okay. On 21 December 2018 the wind sensors were replaced by their
equivalent parts from the MVO helipad weather station (MVOWx). Initially, the sensor was not detected by the
HOBOware software on the ToughBook. However, on the next visit to the site (10 January 2019) the sensor was
detected and started logging, but within a day of logging the recorded values became clearly erroneous.
Replacement wind sensors will be purchased and installed.

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 October 2018 to 30 March 2019 the camera stopped taking
photographs on at least 12 occasions, typically for a period of 0.75–6 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 restarting at the beginning of the next
schedule. However, on one occasion no photographs were taken for 48 hours.

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 Imagery
Due to the lack of surface activity at SHV, there has been no acquisition of satellite imagery.

4.9 Unmanned Aerial Vehicle
The MVO has been operating a DJI Phantom 4 Pro since November 2018. This unmanned aerial vehicle (UAV) is
fitted with a gimbal-mounted camera, allowing it to obtain close-up imagery of features of interest. Further, it
can be used to collect high-resolution aerial images for photogrammetry. However, due to its limited range and
battery life, as well as legal flight restrictions, it is not possible to perform photogrammetry of the lava dome
using this UAV. It is better suited to performing photogrammetry on smaller locations/targets, such as the
sinkhole in Trant’s (see Appendix D: New sinkhole in the Trant’s pyroclastic fan).

4.10 Risk Evaluation
Interest and enquiries for access to Zone V, including visits to areas other than currently established for tourism
(other parts of downtown Plymouth, Old Government House etc.) has increased, as have proposals for resource
development within Zone V (in particular regarding Plymouth surrounds). A comprehensive hazard and risk
analysis for these areas needs to be undertaken, including modelling of existing drainage patterns and potential
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lahar hazards, but also for the impacts of any future development plans. For instance removal of deposits for
sand mining etc. would likely affect the drainage patterns and downstream deposition, as could siting of tourism
structures (e.g. walls, platforms) to some smaller degree. In downtown Plymouth the risk to visitors from building
collapse has to be considered prior to allowing pedestrian access to zones not currently on the approved visit
schedule. Evidence of a potential roof collapse at the old W. H. Bramble Airport Control Tower, which was
covered in deposits from the 2010 partial dome collapse, confirms that this could happen without warning due
to existing voids, or further void creation after erosional activity such as subsurface movement of water (Figure
27: Photograph of the collapse pit left after the potential roof collapse at the old Control Tower at B.H. Bramble
Airport, Trant’s. The collapse scar measures approximately 5.6 x 4.2 x 1.7 m deep. A metal pipe, thought to have
previously been located on the roof of the old Control Tower can be seen at the NW corner of the collapse. The
depth of the collapse crater suggests that volume beneath the roof had been partially or fully filled with deposits.
Remnants of the concrete roof structure can be seen, along with some charred remnants of wooden cross beams.
These structural elements appear to match the most recent photographs of the Control Tower that exist prior to
being buried by the 2010 collapse.). A preliminary assessment of the collapse scar was undertaken using the UAV
(refer to Appendix D: New sinkhole in the Trant’s pyroclastic fan).

Figure 27: Photograph of the collapse pit left after the potential roof collapse at the old Control Tower at B.H. Bramble
Airport, Trant’s. The collapse scar measures approximately 5.6 x 4.2 x 1.7 m deep. A metal pipe, thought to have
previously been located on the roof of the old Control Tower can be seen at the NW corner of the collapse. The
depth of the collapse crater suggests that volume beneath the roof had been partially or fully filled with deposits.
Remnants of the concrete roof structure can be seen, along with some charred remnants of wooden cross beams.
These structural elements appear to match the most recent photographs of the Control Tower that exist prior to
being buried by the 2010 collapse.

MVO OFR 19-01: MVO Six Monthly Report

43

In order to evaluate the current and future risk from natural hazards on Montserrat, including hazards from the
volcano, activities broadly fall under three categories:
1. Volcanic hazard and risk assessment for Zone V
2. Probabilities from expert elicitation methods
3. Multi-hazard risk assessment for Montserrat
Current/ongoing activities under these categories can be summarized as follows:
1) Refined volcanic hazard and risk assessment for Zone V:










Stakeholder engagement on Montserrat in order to assess needs / requirements for future hazard maps
Establishment of a database of existing hazard modelling/assessment work undertaken on Montserrat
(to be made available to researchers – on-going)
Generation and updating of existing datasets for spatio-temporal occurrence of flow hazards e.g.,
pyroclastic flows and lahar
Hazard modelling (e.g. lahar, pyroclastic flows including collaboration on probabilistic lahar modelling
pending software purchase)
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 (during her C.O.R.E.
internship to establish GPS survey undertaken in July–August 2018). Ground control points have been
established for the Lover’s Lane site for testing of the photogrammetry DEM.
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. A pilot
study using the MVO UAV to image the collapse at the old Bramble Airport was undertaken to look at
the feasibility of detecting future collapse (Figure 28) and how this could be applied in the future to
periodically map other areas (refer to Appendix C for more details).
Development of spatio-temporal population modelling for exposure-based risk assessment in Zone V
(pending software purchase).

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



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.

3) 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 (pending outcome of funding proposal submitted to TWAS in
2018).
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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).

Figure 28: Photograph of the DJI Phantom 4 UAV being used to monitor a potential roof collapse at the old Control Tower at
Bramble Airport, Trant’s. Use of the drone minimises potential risk to MVO staff by avoiding the need to approach
to the unstable ground.

Equipment updates/ongoing issues:


During the reporting period computational hardware was purchased in order to support the hazard and
risk function (January 2019).



It has not been possible to commence the analysis of exposure data (population modelling) for Zone V,
or the lahar hazard analysis due to a delay in acquiring the necessary GIS mapping software.
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5 MVO Operations
5.1 Staffing
Dr Patrick Smith left his position as MVO Seismologist in February 2019 after serving for 9 years. At the same
time, Mr Road Stewart stepped down as MVO Director to take up the position of MVO Seismologist. Currently,
MVO does not have a full time Director. Instead, while the position is being advertised and filled, MVO scientific
staff, along with three colleagues from Seismic Research Centre (Prof. Richie Robertson and Drs Graham Ryan
and Pat Joseph) are serving as Acting Director on 2-4 week rotations. This will continue until the new Director is
in place, which is expected by September or October 2019.
Dr Adam Stinton will be returning from his sabbatical at Bristol University at the beginning of May 2019. He will
overlap with Dr Stuart Hatter for one month, after which Dr Hatter will leave MVO.
Natalie Edgecombe has been on a 1-year unpaid-leave from MVO since January 2019, which could be extended
to 2 years. Dike Rostant, has been appointed to cover for the Outreach coordinator position and will begin on 3
June 2019.
Oswen Carty and TiVonne Howe continue to be employed at MVO. Oswen has been covering the vacant Outreach
position prior to the arrival of the Dike Rostant. TiVonne has been assisting Dr Thomas Christopher with the SO2
traverses.

5.2 Education and Outreach
5.2.1 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 in the last 6 months:


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



Draft stakeholder survey for postgraduate courses under development using SurveyMonkey.



Discussions with local entrepreneurs regarding physical training location



Input into the Montserrat Tourism Strategy for 2019-2023

5.2.2 Primary/Secondary Schools
Dr Victoria Miller, Oswen Carty and TiVonne Howe attended the DMCA Disaster Risk Reduction Expo in
November 2018.
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In December 2018 the MVO partnered with the Ministry of Education to organize a STEM education outreach
event for the various schools. The MVO donated batteries and a solar panel to students of the Secondary School
to help with one of their many projects for the event.
The MVO/UWI-SRC and the Disaster Management Coordination Agency (DMCA) collaborated on a week-long
Earthquake and Tsunami preparedness and awareness campaign in March. The campaign aimed to provide all
the students on island except pre-school students, with the necessary information on Montserrat’s vulnerability
to earthquakes and tsunamis and to help them understand and learn the correct responses to these natural
disasters. Dr Joan Latchman, Stacey Edwards, Thais Henry-Ramos represented UWI-SRC while Oswen Carty
represented the MVO.

5.2.3 Community Outreach
MVO held a community-based t-shirt competition where members of the Montserrat community were invited
to take part and submit their designs for a new t-shirt. The competition culminated in an interactive community
poll in which the community went on to the MVO Facebook page to cast their vote for what they viewed as the
best design. Over 200 voters participated in the online poll to decide a winner.

5.2.4 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. The five day conference will include four days
of presentations in the following themes: Science into disaster risk reduction, Learning from the past, Cultures
of communication, and Resources for future resilience.
Progress towards the conference in the last 6 months includes:


Confirmation of four ‘day-themes’ to shape the conference and the potential invited speakers



Contact and confirmation of attendance from most invited speakers



Publicity during volcano vibes



Scoping for a conference facilitator



Updates to SHV25 website (www.shv25.com) and email address (info@shv25.com)

5.3 Helicopter
Helicopter service was provided by Caribbean Helicopters Ltd from Antigua on a weekly basis. Unfortunately,
due to a combination of mechanical issues on all their helicopters, they have not been able to provide the service
since 12 March 2019. At present, it is unknown when they will return to service due to the serious nature of the
mechanical issues. Alternative sources of helicopter services are being investigated on a pay-as-you-go basis
should Caribbean Helicopters Ltd not return to service in the short term.
The contract with Caribbean Helicopters Ltd ended on 31 March 2019. New tender documents are currently
being prepared and will be published by the end of the summer.
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5.4 Volunteers / PhD students / Visitors
James Christie, from the University of East Anglia, carried out fieldwork in February 2019 for his Ph.D. on
modelling lahar hazard and landscape disturbance following volcanic eruption on the island of Montserrat.
Prof. Jenni Barclay and colleagues from University of East Anglia, also visited Montserrat in February 2019 to
collect material for their project “Disaster Passed” that aims to provide an outdoor exhibit about the impacts of
the eruption to the local population and the wider Montserratian diaspora.

5.5 Collaboration and External Projects
Dr David Macfarlane (University of St. Andrews) visited MVO from 25–29 March 2019 to perform repairs of the
AVTIS3, provide training to Dr Stuart Hatter and Carlisle Pyiko Williams on operating AVTIS3, and to officially
hand over the instrument to the MVO.
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

•

Development of a revised hazard map for Montserrat

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 IAVCEIDNN. 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 proposals submitted to IUGG, IAVCEI and UWI for financial support for attendees to the
workshop (successful).

•

Contact and confirmation of 25 participants from 22 countries to attend the workshop

•

Logistical arrangements for flights, visas, catering etc. for the workshop.

•

Development of a survey for distribution prior to the workshop to wider input and feedback for the
network
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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 January 2019, in 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
(Dublin Institute for Advanced Studies), Barry Voight (The Pennsylvania State University), Roderick Stewart (UWISRC):
•

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.”

Volcano-tectonic earthquake analysis
Collaboration with Charles Ammon (The Pennsylvania State University), Leo Peters (UWI-SRC), Patrick Smith
(Dublin Institute for Advanced Studies), Barry Voight (The Pennsylvania State University), Derek Elsworth (The
Pennsylvania State University), Silvio De Angelis (University of Liverpool):
•

Publication in preparation – “Characterising earthquakes at long-lived volcanic eruptions: volcanotectonic ‘strings’ on Montserrat and their relationship to volcanic activity.”

Collaborations for Dr 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 Dr 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)
Modeling and correction of the transient and seasonal variations at SHV continuous GPS time series:
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-present) using Finite Element and analytical modelling: collaboration with Prof.
J. Neuberg and Dr A. Collinson (University of Leeds, UK)
Isolation, using Finite Elements modeling, 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.
Investigating the decrease in inflation rate observed at Soufrière Hills volcano GPS stations during the
present pause in magma extrusion: physical properties of the crust vs magma influx variation:
collaboration with Dr J. Hickey (University of Exeter, UK), Dr N. Fournier (GNS, New Zealand) and Prof. J.
Gottsmann (University of Bristol, UK).
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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. Hammling and Dr N. Fournier (GNS, New
Zealand).

5.6 MVO Archive
Work on the MVO Archive continues slowly.

5.7 MVO Website
The MVO website is still under development. MVO uses Facebook as its main presence on the internet.
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Appendices
Appendix A: GPS Plots.
Appendix B: Long-term trends in FLIR-derived fumarole temperatures – An update.
Appendix C: Assessing the link between fumarole temperatures and atmospheric conditions.
Appendix D: New sinkhole in the Trant’s pyroclastic fan.
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Appendix A: GPS Plots
This appendix contains additional GPS plots referred to in the main text.

Figure A1: Tangential displacements recorded at campaign GPS sites during Pause 5 (Feb. 2010-30 March 2019). 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 (27
October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014, 27 July 2017, 31 January 2018, 31 January 2018, 13
November 2018 and 3 February 2019) have been highlighted (red dashed line). The distance separating the
gridlines corresponds to a displacement of 1 cm. See Figure 12 for radial and vertical components.
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Figure A2: Radial extension relative to the volcanic vent since Jan. 1998. The reporting period (1 October 2018 – 30 March
2019) 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 October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014, 27 July
2017, 31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019) have been highlighted (red
dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure A3: Tangential displacements relative to the volcanic vent since January 1998. The reporting period (1 October 201830 March 2019) 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 October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014,
27 July 2017, 31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019) have been highlighted
(red dashed line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure A4: Vertical displacements observed since January 1998. The reporting period (1 October 2018 – 30 March 2019) 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 October 2010, 9 July 2011, 22 Mar 2012, 8 March 2014, 27 July 2017,
31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019) have been highlighted (red dashed
line). The distance separating the gridlines corresponds to a displacement of 1 cm.
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Figure A5: MSCP, MSS1, MSUH ‘Spider’ Stations: Radial, tangential and vertical displacements relative to the volcanic vent
since MSUH, MSS1 and MSCP deployment (June 2014- 31 March 2019). FRGR and GERD displacements are also
shown for indication. The distance station-volcanic 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 (27 July 2017, 31 January 2018, 31 January 2018, 13 November 2018 and 3 February 2019)
have been highlighted (red dashed line). The distance separating the gridlines corresponds to a displacement of 1
cm.
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Appendix B: Long-term trends in FLIR-derived fumarole temperatures – An
update
B1. Introduction
MVO has been collecting thermal images of fumaroles, gas vents, and other thermal features on and around the
lava dome since 2013. The long-term trends in temperature data derived from these images were discussed in
Appendix C of MVO OFR 17-02, where an overall cooling trend was identified between 2013 and 2017. This
appendix provides an update to the observed long-term trends in temperature, based on data acquired in the
following 18-month period (from 1 October 2017 to 31 March 2019).

B2. Data Acquisition
All temperature data was acquired from thermal images taken using a FLIR T650sc thermal camera, which were
corrected for air temperature, relative humidity, and distance to fumarole. Multiple images were taken of each
feature, and only the maximum temperature obtained for each feature is reported.

B3. Results
FLIR-derived temperature data collected from December 2017 to January 2019 (i.e. since MVO_OFR_17-02) is
presented in Table B1 and Figure B1. Only temperatures from Gas Vent, 23 March Crater, Headwall 1 & 2, Tar
River Cliff, and Tar River Summit are included, as these are the most frequently measured fumaroles. South crater
outer rim and summit crater were included in Appendix C of MVO OFR 17-02, but have been excluded here as
they were each only measured once in the past 18 months.
Table B1: FLIR-derived temperature data (in °C) for fumaroles on the lava dome, measured between October 2017 and March
2019.
Date

Gas Vent

23 March
Crater

Headwall 1

Headwall 2

Tar River Cliff

Tar River
Summit

13 Dec 2017

358

-

-

-

222

-

26 Feb 2018

357

52

260

244

180

-

27 March 2018

427

51

337

305

-

-

28 March 2018

-

-

-

-

-

457

06 June 2018

-

-

-

-

-

-

13 June 2018

-

-

-

-

-

-

21 June 2018

360

-

-

-

185

-

27 June 2018

353

-

414

301

236

-

03 Oct 2018

332

-

437

327

329

551

26 Oct 2018

372

68

469

324

254

-

21 Dec 2018

350

-

-

-

278

-

11 Jan 2019

371

-

342

215

302

-

25 Jan 2019

372

-

368

274

272

-
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b

c

Figure B1: FLIR-derived temperature data for the (a) Gas Vent, (b) 23 March Crater, (c) Headwall 1, (d) Headwall 2, (e) Tar
River Cliff, and (f) Tar River Summit fumaroles on the lava dome, measured between June 2013 and March 2019.
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d

e

f

Figure B1. Continued.
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B4. Discussion
Temperature data from May 2013 to September 2017 was analysed in Appendix C of MVO OFR 17-02, and an
overall cooling trend was identified, with decreases in fumarole temperatures of up to 49% for Gas Vent and
Headwall 1, and up to 40% for Tar River Cliff. Whilst there continues to be a large variation in temperatures
recorded for individual fumaroles in the 18 months following that period, the data reveal an overall levelling-off
of temperatures, which appear to have maintained a near-constant range of values since around mid-2016. All
temperatures recorded in the past 18 months fall within the range of values recorded in mid-2016 to mid-2017,
with no new record-low values measured in the past 18 months (Figure B1). Headwall 1 is a slight exception to
this trend, which recorded three temperature values greater than during mid-2016 to mid-2017 (414, 437, 469
°C; Table B1); values which have not been recorded since 12 November 2015 (Figure B1c). This appears to have
been just a temporary increase, however, as temperatures measured in January 2019 returned to lower values
(342, 368 °C; Table B1).
In MVO OFR 17-02 it was considered that the trend of decreasing fumarole temperatures was caused by either
a cooling of the magmatic system, or more likely, by the establishment of a shallow groundwater/hydrothermal
system cooling the gas, or by some combination of the two. If the trend was primarily caused by a cooling of the
magmatic system, then it would be expected to continue until either the system shuts down, or a new heat
source (i.e. injection of new magma) disrupts the cooling trend. There has been no evidence for the injection of
new magma into the magmatic system (e.g. no periods of elevated seismicity), suggesting that the long-term
FLIR-derived fumarole temperature trend is not controlled by a cooling of the magmatic system. Instead, we
hypothesise that the cooling trend was indeed most likely formed from the establishment of a shallow
groundwater/hydrothermal system cooling the gas, and that the more recent trend of fumaroles maintaining a
steady range of temperatures represents the system reaching an equilibrium state.
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Appendix C: Assessing the link between fumarole temperatures and
atmospheric conditions
C1. Introduction
Atmospheric pressure and rainfall have been shown to have significant, short-term effects on fumarole
temperatures (e.g. Connor et al. 1993). In this appendix, we compare data from the older MVOWx (MVO helipad)
weather station with data from the recently installed GALWx station (Galway’s Saddle), to determine if data from
the former is representative of weather conditions at the latter. We then assess the link between Galway’s Saddle
fumarole temperatures and atmospheric conditions by comparing the fumarole data with the atmospheric
pressure and rainfall data.

C2. Data Acquisition
Fumarole temperature data discussed here was generated from a Gemini TinyTag Plus 2 logger with a high
temperature PT100 probe installed at Galway’s Saddle. A temperature probe has been installed at Galway’s
Saddle intermittently since 24 February 2017.
Weather data was collected from Onset weather stations using HOBO U30 data loggers, installed at the MVO
helipad (MVOWx) since 8 September 2017, and at Galway’s Saddle (GALWx) since 3 October 2018.

C3. Comparing Weather Data/Stations
MVOWx has been recording weather data for longer than GALWx, but there is uncertainty over how
representative data from MVOWx is of weather conditions at Galway’s Saddle, which is located at ~780 m
elevation. Here we address this issue by comparing data from the two weather stations.
Comparing data from MVOWx with GALWx over the period of 3 October to 21 December 2018 (the only period
with data from both stations) shows a strong positive correlation for atmospheric pressure between the two
stations (R2 = 0.95), with MVOWx recording values 58.5 ± 1.2 (2σ) mbar higher than GALWx (Figure C1a). When
comparing weather data with fumarole temperature data we are looking for relative changes, so the matching
patterns in atmospheric pressure (Figure C1a) suggests that the data from MVOWx is suitable for analysing the
effects of atmospheric pressure on fumarole temperatures.
For rainfall data, however, there is no correlation between the two stations (R2 = 0.31), with GALWx recording
more rainfall over the comparison period than MVOWx. Furthermore, while both sites typically record rainfall
on the same days, there is a significant difference in the intensity of rainfall between them (Figure C1b, c). For
example, during the comparison period, MVOWx recorded maximum rainfall of >15 mm/hr on three separate
days: 6, 9 and 12 November 2018. Of these three days, GALWx only recorded rainfall >15 mm/hr on one of them,
during which it recorded a maximum of 95.2 mm/hr (c.f. maximum 19.6 mm/hr for MVOWx for the same day;
(Figure C1b, c). This indicates that rainfall data from MVOWx may not be suitable for analysing the effects of
rainfall on Galway’s Saddle fumarole temperatures.
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a
b

c

Figure C1: Weather data for the period 3 November to 21 December 2018. a) Rainfall data from MVOWx. b) Rainfall data
from GALWx. c) Atmospheric pressure data from MVOWx and GALWx.
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C4. Effect of weather conditions on fumarole temperatures
Comparing atmospheric pressure from MVOWx with Galway’s Saddle fumarole temperatures for the period 13
December 2017 to 23 January 2019 shows that overall there is no clear correlation between the two, as there
are periods where atmospheric pressure changes while fumarole temperatures remain stable, and vice versa
(Figure C2a). For example, there was an increase in atmospheric pressure from ~985 to 996 mbar over 9
November to 15 December 2018, yet fumarole temperatures remained stable over this period. One exception
to this, however, is a rapid drop in atmospheric pressure from 994.7 mbar on 21 February 2018 to 982.6 mbar
on 4 March, which is concomitant with an increase in fumarole temperatures from 85.7 to 95.6 °C over the same
period, followed by rapid increase in atmospheric pressure to 992.5 mbar and decrease in fumarole temperature
to 87.7 °C on 11 March 2018 (Figure C2a). This suggests that the temperature of Galway’s Saddle fumarole may
be influenced by rapid changes in atmospheric pressure, but not by gradual background changes. This
relationship will be assessed further once more data has been collected.
Comparing rainfall data from GALWx with Galway’s Saddle fumarole temperatures for the period 26 October
2018 to 23 January 2019 indicates that there is no significant relationship between the two (Figure C2b).
Following the most intense period of rainfall, of 95.21 mm/hr on 12 November 2018, there is only a minor overall
decrease in temperature of 0.4 °C over the following 17 hours, which is not necessarily related since variations
on the order of 0.4 °C are common, and often not associated with periods of heavy rainfall.
This data, however, does not take into account factors such as ground permeability and saturation, which may
affect the effects of rainfall on fumarole temperatures. For example, Zimmer et al. (2017) showed that hightemperature (>250 °C) fumaroles of Lastarria volcano, Chile, were significantly affected by rainfall, ranging from
decreases of ~40 °C after 3.1 mm of rainfall in 2 h (with effects lasting for up to 28 hours), to decreases of ~175
°C following 50 mm of rainfall in 32 h (with effects lasting up to 19 days). Lastarria volcano is situated within an
arid environment where rainfall is scarce, so dry background conditions mean that rainfall significantly changes
the ground conditions of the fumarole vents. Galway’s Saddle, in contrast, receives regular rainfall – for the 88day period 27 October 2018 to 22 January 2019 (which is within the dry season), on only four days was no rainfall
recorded. Thus, it is hypothesised that the wet background ground conditions for the Galway’s Saddle fumarole
site mean that periods of heavy rainfall do not significantly change the ground conditions of the fumarole vents,
and so do not consequently lower fumarole temperatures.
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Figure C2: Comparing Galway’s Saddle fumarole temperatures with a) rainfall recorded by GALWx over the period 26
November 2018 to 21 January 2019, and b) atmospheric pressure recorded by MVOWx over the period 13
December 2017 to 21 January 2019.

MVO OFR 19-01: MVO Six Monthly Report

64

Appendix D: New sinkhole in the Trant’s pyroclastic fan
D1. Introduction
In early January 2019, a sinkhole was discovered in the northern part of Trant’s pyroclastic fan (Figure D1), in
deposits from the 2010 partial dome collapse. The deposits from this collapse event buried the terminal building
and control tower for the old W. H. Bramble airport. This appendix documents the new sinkhole and the survey
methods used to monitor it.

Figure D1: Orthomosaic of the new sinkhole in the 2010 dome collapse deposits, in the northern part of the Trant’s pyroclastic
fan. Orthomosaic is from the 10 m above ground level aerial survey.
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D2. Survey Methods
A UAV was deployed on 11 January 2019 to take close-up images of the inside of the sink hole, and to collect
aerial photographs for photogrammetry. These images were processed using Agisoft Photoscan Professional
v1.4.1, to create a digital elevation model and orthomosaic (Figure D1).
Two photogrammetry surveys were performed: one of the sinkhole and the surrounding ~15 m of deposits, flown
at 10 m above ground level; and one covering the area of the control tower and terminal building of the W. H.
Bramble airport, flown at 60 m above ground level. The 10 m survey provides higher resolution of the collapse
scar features, while the 60 m survey, combined with repeated surveys in the future, with aid detection and
monitoring of any further collapse or associated deformation in the area.

D3. Survey Results & Discussion
The sink hole is approximately 5.6 x 4.2 m in size, and up to 1.7 m deep, with fractures clearly visible within the
surrounding deposit around the edges of the sinkhole (Figure D1 and Figure D2a). Remnants of a building can be
seen within the sinkhole, with a wall visible in the north-western face (Figure D2b), and charcoal of what is
presumed to be old roof beams are visible in the south-western face (Figure D2c). Based on these observations
and the sinkhole’s location, it can be confidently concluded that the sinkhole has opened up in the W. H. Bramble
airport control tower.
The sinkhole is likely to have resulted from surficial collapse into an underlying cavity, but it is not clear how this
cavity formed. One possibility is that the upper floor of the control tower was never fully infilled during
deposition, and so this sinkhole formed from collapse of the roof (and overlying deposit) into this underlying
cavity. However, photos of the control tower from before the 2010 dome collapse show that the upper level was
open, with no walls to block/prevent deposition beneath the roof (Figure D2d). An alternative possibility is that
the cavity formed slowly over time due to groundwater flow, but this is difficult to test.
MVO will continue to monitor this sinkhole and the surrounding deposit for any signs of further collapse.
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c

d

Figure D2: Photographs of the new sinkhole and former airport control tower: (a) fractures around the edge of the sinkhole,
(b) remnants of the W. H. Bramble airport control tower in the north-western wall of the sinkhole, (c) burnt roof
beams in the south-western face of the sink hole, and (d) the airport control tower on 6 April 2006.
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