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Appendix A: Further investigations on deposits and environmental effects of the 11 February 2010 

partial dome collapse. 

P. Cole, A. Stinton 

 

A1. General Stratigraphy 

Extensive fieldwork on the deposits of the pyroclastic density currents has been undertaken. The 

stratigraphy of these deposits is now well documented, particularly in the area to the north of the 

volcano from Streatham in the west to Harris in the east and into the Farm River/Bugby Hole area to the 

north. Less work has been undertaken on the main fans of block and ash flow deposits to the northeast 

as generally these have not been dissected and the internal structure is therefore largely unexposed. 

The area from Streatham village NW of the volcano to Harris in the NE and Farm River/Bugby Hole area 

was impacted by sustained pyroclastic density currents which formed a relatively fine grained deposit 

that is locally > 1m thick in places (in lower Streatham) and is composed of several layers. We interpret 

these layers as being the product of several pulses of pyroclastic density current. Contacts between the 

layers are typically gradational although locally in a few cases they are sharp. 

The lowermost deposits of the sequence found through most of the area are notably fine grained, grey, 

and typically massive, however local lamination/stratification is developed in this unit. The unit typically 

varies between 2 and 13 cm in thickness in most areas, although it is up to 30 cm thick in some locations 

in the Farm River. These lower fine grained deposits are overlain by coarser deposits that contain less 

fine ash and generally vary from 4 to 10 cm in thickness. In many sections a sequence of two coarser 

grained layers interbedded between finer ash-rich material is observed. This is best developed 

immediately north of the volcano some 3 km from the lava dome. A series of much coarser and thicker 

facies (up to 4 m) are present in Bugby Hole and the Farm River as isolated bodies of breccia (see Section 

A4). This coarser deposit is in turn overlain by finer grained material rich in fine ash and containing 

accretionary lapilli. 

In the northwestern area in the Streatham region the PDC deposits are characterised by a fines-poor, 

crystal-rich sandy layer (similar to a ground layer) at the base of the sequence. The unit is consistently 3 

cm thick even to the edge of the surge area. 

A distinctive red/orange layer is found about two thirds of the way up through the surge sequence and 

is present at almost every section dug through the deposits. This is probably a thermal coloration layer 

and similar layers have been observed in other pyroclastic density current deposits during the course of 

this eruption (Cole et al. 2002). 
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Figure A1:  Selected sections through the 11 February pyroclastic surge deposits to the north of the 

volcano. Scale bar next to each section represents 10 cm. Grainsize histograms are also shown for some 

sections. 

 

Cross-lamination and/or sandwave or dune-like structures in the 11 Feb deposits are rare. Where 

present, it occurs on the top of ridges in Harris or on the top of hills or associated with small scale 
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topographic irregularities such as trees or boulders. A similar rarity of cross-lamination has been 

observed in many other deposits during the course of this eruption.  

In the Farm River and on the ridge to the north of Farrell’s Plain, pumice boulders up to 2 m in diameter 

are found either isolated in trees or clustered around stumps and downed vegetation. Some of these 

boulders are found resting within the uppermost fine ash layer (see Section A5.2.). 

 

A2. Vegetation Damage  

Pyroclastic surges caused significant damage to large areas of vegetation, including in the previously 

unaffected areas of Bugby Hole, Farm River and Harris. Damage included singeing and burning, stripping 

of limbs, sandblasting, bending, felling and the complete removal of large trees, bushes and soil. In some 

cases trees as large as 1.8 m in diameter have been uprooted, and in others, coconut palms up to 0.8 m 

in diameter have been completely sheared off at the base leaving a small stump. 

The most severe damage has occurred in the Farm River valley and around Harris where there has been 

almost complete removal of the vegetation and soil in some areas. This is particularly evident on the 

leeside of the coll north of Margie Ghaut through which several pulses of surge passed into the Farm 

River Valley. This slope has had all vegetation and soil removed in a 200-m-wide swath indicating that 

the flows descending this slope became highly erosive. Towards the base of the slope, a thin (< 1 cm) 

layer of burned organic matter has been observed and is similar to the ‘tar layer’ observed after the 

1997 Boxing Day collapse. In the base of the Farm River valley, all vegetation has been removed from 

the lower valley slopes up to 50 m above the valley floor. Above this, trees are burned and stripped of 

their leaves, but mostly still standing. The transition from no vegetation to burned vegetation is 

remarkably sharp, particularly in the upper stretches of the valley. Further down the valley, the 

transition becomes more gradual with more trees felled in the direction of flow. At the mouth of the 

valley, a large pumice levee (see section on Pumice Flows) contains numerous burnt and smashed logs. 

These are likely the remains of trees uprooted from the lower slopes of the Farm River Valley and the 

slopes north of Harris and Harris Lookout where surges overtopped the ridge and entered the valley. 

In Bugby Hole (upper Farm River), there has been substantial burning and singeing of vegetation where 

pyroclastic surges ran up the slope after descending into the Farm River Valley (Fig. A2a). From the 

pattern of damage, it is possible to identify paths taken by the surges as they moved up and down slope. 

In general, the flows took an arcuate path across the slopes in Bugby Hole. This is indicated by singeing 

and burning of trees and bushes on the upflow side only, as well as the downing of trees in one direction 

only. However, there is evidence to suggest that in some areas, flows moved up and down the same 

slopes. This evidence is in the form of burning of trees on both the upslope and down sides and the 

downing of adjacent trees in opposite directions. The presence of neighbouring trees felled in opposite 

directions is a clear indication of the non-uniform behaviour of the surges as they traversed the slopes in 

Bugby Hole. The transition from burned and singed vegetation to untouched vegetation is very sharp at 

the highest elevations reached by the surges, being no more than one or two trees wide. 
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In Harris Village on the plain north of Paradise Ghaut, virtually all of the vegetation has been removed, 

save for a few large trees. In some cases, all that remains is a relatively flat topped stump. In the centre 

of the village, all that remains of three large coconut palm trees are stumps measuring 80 cm in 

diameter (Fig. A2b). These stumps suggest that the trees have been planed off at or just above the 

previous ground surface, which has been heavily eroded and scoured. The stumps are also burned, and 

the rest of the trunks of the palms must have been consumed by the surges as no large logs are found 

down flow. Based on the stump width, these coconut palms may have been 20-30 m tall. Some large 

trees have survived, albeit heavily damaged. At the E end of the village, just at the foot of the ridge , 

there is a large tree, 1.8 m in diameter, that has had all minor limbs removed, been severely burned and 

has had all remaining limbs polished smooth on the up flow side by sandblasting, all the way to the top. 

This tree is approximately 18 m high and clearly shows that the surges that moved through Harris were 

sustained and had enough momentum to sandblast vegetation to significant heights above the ground 

surface (Fig. A2d). Another, comparable sized tree has suffered similar damage, but has also been 

uprooted. On the slopes below Harris Lookout, a 1-2 cm thick mat of burned organic matter is visible 

across the slope for about 100 m. Again, this is similar to that observed in the Farm River and after the 

Boxing Day 1997 collapse. It is not observed anywhere else in Harris Village. 

Where vegetation has not been consumed or felled, it has still suffered significant burning and 

sandblasting (Fig. A2c). At the exit of the Farm River, vegetation has been burned and sandblasted by a 

low-concentration surge that also had enough momentum to bend limbs over in the direction of flow. 
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Figure A2: Vegetation Damage from 11 February partial dome collapse. (A) General view of the head of 

the Farm River and Bugby Hole area showing where complete removal of vegetation has occurred in the 

valley bottom and on the lee slope of Harris Ridge. Also clear is the singed vegetation at the margins of 

the surged area. Arrows indicate inferred flow directions. (B) Two large stumps of former coconut palms 

in Harris Village. Note how all vegetation is burned and stumps bent over in direction of flow. (C) Typical 

sandblasting damaged vegetation. (D) Largest standing tree in Harris village which has been sandblasted 

all the way to the top. Tree is approximately 18 m high and 1.8 m wide at base. 

 

A3. Building damage 

Pyroclastic surges have caused significant damage to buildings in the villages of Streatham and Harris, 

with more than 300 buildings affected. The majority are constructed of concrete block walls, reinforced 

concrete pillars and foundations with wooden roofs covered with either tar shingles or corrugated 

galvanised metal sheets or full reinforced concrete roofs. These were built to withstand hurricane 

strength winds. Other buildings were simple wooden shacks with corrugated galvanised metal sheet 

walls and roofs. The level of damage to buildings was mapped on the ground and classified according to 

the scale devised by Baxter et al., (2005) that ranges from 0 (no damage) to 4 (complete destruction). 
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The pattern of damage does not show a simple decrease with distance from the volcano, rather building 

construction and topography apparently influence the distribution strongly. In general, of the buildings 

that were not razed to their foundations, those built from concrete blocks/pillars and with concrete 

roofs remained largely intact with only doors and windows missing. Buildings with timber roofs 

however, suffered severe fire damage or had the roof complete blown off. 

 

Figure A3: Map of Streatham showing damage to buildings on a scale of 0 to 4 with 4 representing total 

destruction. Buildings damaged by surges from 8 January 2010 explosion are indicated by red hashes. 

Many of the buildings south of the large building labelled B were also damaged by surge on 25 June 

1997. 

 

In the Streatham area, although the general pattern is of decreasing damage with distance from the 

source, it is complicated by the fact that many of the buildings were previously impacted by surges on 

25 June 1997 and 8 January 2010. However, neither event caused as much damage as the surges on 11 

February 2010, which travelled up to 600 m further than those from the 25 June 1997. The 11 February 

2010 surges reached to the foot of Windy Hill and buildings here (label A, Figure A3) have suffered 

severe fire damage resulting in collapsed roofs and gutted interiors. Clearly, although the surges had lost 

significant forward momentum, they were still hot enough to cause significant damage to both buildings 

and vegetation. Of the previously affected buildings, a prominent two storey house in lower Streatham 



 
M o n t s e r r a t  V o l c a n o  O b s e r v a t o r y  

 
 

Page 10 

(label B, Figure A3; Figure A4) that had suffered only minor fire damage from the surge on 25 June 1997, 

had its roof ripped off, all doors and windows blown out and the upper storey walls on the N and E sides 

demolished by the surges on 11 February 2010. Interestingly, a garage built at the W and somewhat 

protected end of the building was completely removed, suggesting different materials where used in its 

construction. Flow direction indicators from building and vegetation damage shows that the surges hit 

this building from the E. South of this house, many of the buildings that suffered major fire damage on 

25 June 1997 where completely destroyed on 11 February 2010, leaving nothing but the foundations. 

The water tank that was moved by the 25 June 1997 surges to the eastern edge of the village has been 

transported a further 350 m to the WNW and torn apart. 

 

 

Figure A4: Photos of the large house labelled B on map in Figure A3. (A) House after the surge of 25 June 

1997. Photo taken from Baxter et al., 2005. (B) Same house after 11 February 2010 surges has impacted 

it. Large arrows indicate flow direction of the surges. 

 

The previously unaffected village of Harris has suffered the most damage with 226 buildings destroyed 

or damaged by surges. Approximately two thirds of the buildings were completely destroyed, having 

been reduced to nothing more than their concrete foundation or small piles of debris. The majority of 

these buildings are located in Harris Village on the flat plain north of Paradise Ghaut (referred here to as 

Lower Harris). The overall pattern of damage in Lower Harris clearly shows that the most intense (and 

likely sustained) flows travelled from SSW to ENE through the village and over the ridge north of Harris 

at its lowest point. Flow direction indicators show that the surges did not spill over northwards from 

Paradise Ghaut, but were likely sourced from flows travelling northward over Farrell’s Plain and in to the 

Farm River. The slope at the SSW end of the village has been heavily eroded and two buildings on top of 

the ridge here have steel rebar bent over towards the ENE. 
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Figure A5: Map of Harris showing damage to buildings on a scale of 0 to 4 with 4 representing total 

destruction. Black arrows indicate general flow direction of surges. Letters A-D indicates notable 

buildings. See text for explanation. 

There are some notable buildings in Harris that have suffered damage. Harris School (label A, Figure A5; 

Figure A6a) was located at the SSW end of Lower Harris. This was a large two storey reinforced concrete 

building that was almost completely destroyed. Up to 6 m of coarse debris with boulders up to 4 m has 

been deposited on the former school, with only a small piece of the concrete frame remaining. This is 

the largest building to have been destroyed and the presence of the coarse debris suggests the former 

school building was demolished by a significant dense flow. 

Harris Clinic (label B, Figure A5; Figure A6b), which survived Hurricane Hugo intact in 1989, is one of the 

few buildings in Lower Harris not to have been completely destroyed. Although it is surrounded by 

buildings that have been razed to their foundations, Harris Clinic has suffered only moderate structural 

damage to the NW ends of the NE and SW facing walls and had its roof removed. It is likely that two 

large windows in these sections of wall have contributed to level and pattern of damage to the building, 

which is constructed of reinforced concrete and faced with stone masonry. The NW and SE facing walls 

remain intact. A similar damage pattern is observed on an adjacent building to the SSW. Thicker walls 

and the sheltering effects of a large boulder upstream from the Clinic are likely to have contributed to 

the building’s survival. 

Of all the buildings in Lower Harris that have been damaged, there is one that stands out with 

remarkable preservation. A small concrete block house with concrete roof remains largely untouched 

(label C, Figure A5; Figure A6c), with only the doors and windows missing and thick ash deposits inside. 
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Buildings immediately upslope and downslope have suffered major structural damage or been 

completely destroyed. Based on direction indicators from the damaged buildings and vegetation, surges 

moved up, across and down a 50 m wide section of slope. To the SE of the remaining building is a rocky 

promontory that appears to split the surges into two, one that overtopped the ridge and a second that 

moved northwestwards across then drained back down the slope towards the volcano. The lack of 

structural damage to this building is likely due to slower moving flows, the construction style and the 

sheltering effects of the neighbouring buildings. 

Concrete buildings on the ridge top north of Harris Village have suffered major structural damage with 

entire walls missing, though some buildings have been partially protected by their position below the 

ridge on the lee slope suffering mostly fire damage as a result. Elsewhere on the ridge, the main style of 

damage is fire-related with roofs burned and collapsed (e.g., Harris Lookout Church (building D, Figure 

A5; Figure A6d)). Some roofs have been blown off where surges began accelerating down the lee slope 

of the ridge in to the Farm River valley. 

The water storage tank located at the eastern end of Harris (building E, Figure A5), is the least damaged 

of all the buildings. The storage tank itself untouched by surges, with the only visible signs of damage 

present on the building adjacent to the tank. Here, a small area (<1 m2) of the SW corner of the roof has 

suffered fire damage. This clearly marks the limit of surges in this area, although significant ash fall 

deposits were observed in the area. 

Overall, the pattern and style of building damage, especially in Harris clearly shows that the pyroclastic 

surges that swept through these areas were both intense and sustained for significant periods of time. 

Further work on the building damage is being undertaken in order to understand better the timing and 

behaviour of the surges in Streatham and Harris. 
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Figure A6: Examples of damaged buildings in Harris. (A) The exposed concrete beam and rebar is all that 

can be seen of Harris School. Flow direction is towards camera as indicated by bent rebar. (B) Harris 

clinic (lower right corner) as seen from the helicopter. North is to bottom of image and volcano is off to 

upper right. Note NW section of wall missing and all neighbouring buildings that have been razed to 

their foundations. (C) Isolated house left remarkably undamaged except for missing doors and windows. 

(D) Interior of Harris Lookout Church showing collapsed galvanised sheet roof and burned timber 

supports. 

 

A4. Bugby Hole and Farm River Deposits 

Several pulses of pyroclastic density current overtopped the ridge to the west of Harris village, moved 

though Bugby hole and down the Farm River.  The deposit sequence indentified in more proximal 

locations is also present throughout the Bugby Hole/Farm River area demonstrating that it was not just 

the climax of the partial dome collapse event that sent PDCs in this direction but probably the PDCs 

were sustained for some time. 

In addition there are some local coarse breccias that have been deposited in the meandering Farm River 

(see Section A4.1. below). 
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At the exit of the Far River very little deposit can be recognised however short trees and bushes have 

been pushed over and charred on the up current side. Directions of these bent over bushes indicates 

that a hot, but dilute surge exited the Farm River valley. This may be associated with either the pumice 

boulder flow (See section A5.2.) or the density current that formed the coarse breccia deposits (See 

section A4.1.). 

 

A4.1. Breccias in the Farm River 

Field investigations of the deposits in the Farm River Valley has revealed a series of six isolated bodies of 

coarse-grained material, here referred to as coarse lithic breccias (CLBs). The CLBs are found in a 1 km 

stretch of the valley beginning about 4.3 km downstream from the volcano. 

 

Figure A7: Map showing the position of the coarse lithic breccias in the Farm River Valley. Light pink 

colour indicates distribution of associated fine grained pyroclastic density current deposits. Background 

to map is the full feature version of the July 2010 LiDAR DEM. 
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Each of the CLBs has an asymmetrical, curved ridge-like morphology, is up to 100 m long, 30 m wide and 

4 m thick, with the larger CLBs consisting of 2 or 3 lobes. With the exception of CLB-01, they are located 

on the inside of, but slightly downstream from the apex of channel bends. CLB-01 is deposited on the 

valley side, approximately 10 m above the floor of a straight section of valley. The deposits are largely 

massive. However, CLB-02 appears to have crude stratigraphy with two possible layers, each with poorly 

developed normal grading. The layering reflects the probable onlapping relationship between individual 

lobes within the CLB body. The CLBs transition sharply along the upstream and lateral margins into fine 

grained ash-rich PDC deposits up to 1 m thick, containing abundant degassing pipes. Some lateral 

transitions show intercalation with finer grained ash-rich deposits along lateral valley slopes. Extensive 

finer grained deposits are found plastered to lower valley slopes and on the channel floor. Deposits on 

valley slopes pinch out at variable heights, but are typically highest on the outside of bends, opposite 

the CLB bodies. 

 

Figure A8: Photos of features of the CLBs in the Farm River. (A) Photograph of CLB-06 showing the 

general morphology of the breccias. CLB-06 is 30 m wide and appears to consist of at least 3 

lobes/ridges, of which two are visible in the photograph. (B) General view of CLB-06 looking upstream 

showing the position of the breccia on the inside of the channel bend. (C) View of CLB-02 showing the 

coarse nature of the deposit. Large boulder on right measures approximately 1 m. (D) View of the 

upstream end of CLB-02 showing the rapid transition from the fine-grained pyroclastic flow deposit (left) 

to the coarse grained breccia (right). Dashed vertical line marks the approximate boundary between the 
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two units which has been eroded out by post-deposition rainfall. Arrow indicates downstream (and 

therefore flow) direction. 

 

Visually, the breccias contain blocks in a clast-supported framework with occasional boulders as large as 

2 m (CLB-02 & -06) located mainly at base. Sieved matrix samples show strong positive skewness to the 

coarse grain sizes. The clasts are a variety of lithologies, including fresh dome rock; dark, platy andesite; 

and rounded lithics. Components of 50 coarse clasts (5-20 cm) displays a downstream decrease in the 

proportion of dome rock from CLB-01 to CLB-05 and a complementary increase in the proportion of 

accidental lithics. The sudden increase in dome rock in CLB-06, the furthest downstream, can be 

explained by its close proximity to where pyroclastic surges overtopped Harris Ridge. The accidental 

lithics have been sourced primarily from the lee slope of the dividing ridge between Farrell’s Plain and 

the Farm River Valley. This slope has been heavily eroded and scoured to below the soil. 

Some of the CLBs are capped by a layer up to 20 cm thick of finer grained PDC deposit with a 5-10 cm 

thick layer of fine ash fall containing accretionary lapilli overlying this. Where the finer grained deposit is 

not present the fine ash lies directly on the breccias. CLB-06 also has decimetre scale, semi-pumiceous 

blocks that are from the late-stage pumice flow (see Section A5.2.). 

In addition, there is a large CLB deposited at the foot of the slope at the West end of Harris Village, in 

the area around the former Harris School. This deposit has very similar characteristics to the CLBs in the 

Farm River, though it is much larger (240 x 200 m, 6 m thick) and contains larger boulders (up to 4 m). As 

with the Farm River CLBs, the breccia displays abrupt lateral contacts with finer grained PDC deposits 

with numerous degassing pipes. However, with distance away from the slope, there is a noticeable 

decrease in the average size of lithic clasts. 

Similar deposits to those in the Farm River Valley have been documented in PDC deposits at Laacher See 

(Freundt and Schmincke, 1985) and Lascar (Calder et al., 2000), while the Harris Village CLB bears a 

strong resemblance to local breccias formed by pyroclastic flows during the eruption of 1982 El Chichón 

(Macias et al., 1998). 

 

A5. Explosion related products of 11 February 2010 

The explosions which occurred 84 and 87 minutes after the onset of the dome collapse, toward the end 

and climax of the event, generated three different products, all of which contained pumiceous material.  

These are: 

1. Pumice flows,  

2. A enigmatic ‘Pumice boulder flow’ and  

3. Pumice fallout  
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The density of samples of randomly collected clasts from each of these three components is shown in 

Figure A9. 

 

Figure A9: Density plots for the three pumice components of the explosions. 

 

A5.1. Pumice flows 

Deposits of pumice flows with narrow sinuous flow lobes and levees were formed (presumably by 

column collapse) in the Belham valley (two generations of lobes), ponded on Farrell’s plain, in White’s 

Bottom Ghaut, and in the Trant’s region.  

At the mouth of the Farm River where the valley widens markedly there is a clear ridge about 1 m high, 

oriented crudely north south of coarse grained pumiceous material and numerous charred tree remains. 

This feature is best described as a pumice levee (although blocks range widely in density/vesicularity). 

Downstream from this area remnants of pumice flows were identified in a number of places in the lower 

Farm River and Trant’s region. This feature is important as it the demonstrates the flow direction 
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indicating that the Trant’s pumice flow deposits were derived from currents that travelled first to the 

north of the volcano, moved into Bugby Hole and then eastwards down the Farm River. 

In a couple of locations on coastal fans to the east of Trant’s, near the old airport thin veneers of 

pumice-flow like material was observed i.e. extensive pumiceous boulders can be discerned.  

 

A5.2. Pumice Boulder flow 

Across a broad region north of the volcano from Streatham in the NW to Harris in the NE and north into 

the Farm River scattered coarse boulders, many of which are pumiceous, occur are notable. These 

blocks are evident within the uppermost part of the surge deposit such that many blocks protrude from 

the upper surface of the finer grained deposits. The boulders are scattered and do not form a 

continuous surface.  

The maximum size of these pumiceous boulders (mean spherical diameter were measured at 35 

localities to the north of the volcano) show that they do not vary systematically with distance from the 

volcano or down the Farm River valley. 

 

Figure A10: Mean Spherical diameter (in mm) of largest pumiceous boulders at any one location. The 

area covered by the pumiceous boulders is shown in light blue. 

A number of lines of evidence shed light on the origin of these boulders:  

 The blocks are distinctly rounded and are rarely fractured but are completely intact.  
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 In many locations the blocks have come to rest against vertical objects such as trees, 

 some have entered through windows of concrete roofed houses in Streatham 

In the Farm River valley the blocks: 

 are stranded on the valley sides up to heights of 50 m, although heights of 10 - 15 m from the 

valley floor are more typical.  

 occur in small clusters against downed trees  and in a few examples the blocks have remained 

stranded in branches of  trees a few metres above the valley. 

 Are deposited at increased elevations at bends, but gradually the upper limit of boulders 

decreases in height toward the end of the narrow part of the Farm River valley 

 disappear where the Farm River valley widens dramatically  
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Figure A11: Examples of the isolated and stranded pumice blocks in the Farm River and Upper 

Streatham. Spade indicates direction of flow. 

This evidence suggests that these pumiceous boulders were deposited from a pyroclastic density 

current.  A ballistic origin seems unlikely as the boulders are intact (not shattered), rounded and always 

occur at the top of the fine grained surge deposits. Ballistically emplaced blocks would likely have cut 

down through the uncompacted deposits and impact craters/structures of some form would be 

expected.  

Interestingly there appears to be no fine grained deposit rich in pumiceous material associated with 

these boulders, although investigations are continuing. 

 

A5.3. Pumice fallout  

Abundant angular pumice fallout was dispersed in a broad sector to the north through to the east and 

southeast.  This pumice fallout is embedded within the ashfall, which locally occurs on top of the PDC 

deposits in proximal locations. This pumice fallout has now been sampled at more than one hundred 

locations around the volcano.  

A detailed isopleth map (Fig. A12) shows a distinct bilobate dispersal pattern to the pumice fallout with 

a strong and narrow lobe directed to the north and another broader lobe dispersed in an east northeast 

direction.  
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Figure A12: Pumice isopleths map of mean spherical diameter of the 5 largest pumice clasts from the 

explosion plume on 11 February 2010. 

 

Radiosonde data from Guadeloupe airport some 80 km to the south east provides useful information on 

the wind directions.  This data shows that wind directions above 7.5 km were initially from the north 

northwest (12 pm) then from the west (12 am on the 12 February). These wind directions explain well 

the easterly dispersal of tephra from this event (including its dispersal across the eastern Caribbean 

island of Antigua, Guadeloupe, Dominica and Martinique.   The northerly dispersed lobe of the pumice 

fallout cannot however be readily explained by the regional wind directions.  

 

A6. Preliminary conclusions from this work 

The dome collapse involved a complex series of pyroclastic density currents. The initial surges to impact 

the Streatham and Harris area were particularly fine grained and represented early less energetic PDCs. 

In the principle axis (north of the volcano) and in Harris, two coarser layers are evident that represent 

two particularly energetic pulses of PDC, one of which may have been responsible for destroying the 

seismic and GPS stations in Harris Lookout. 

A similar crudely layered stratigraphy continues into the Farm River to the north, suggesting that a series 

of pulsatory PDCs impacted most of the area. This stratigraphy includes the coarse breccia deposits 

found in the mid section of the Farm River Valley. 
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Vegetation damage including severe abrasion of trees, is consistent with sustained PDCs overtopping 

the ridge to the West of Harris and moving through Bugby Hole and eastwards into the Farm River. In 

Harris, extensive vegetation and building damage suggest a significant sustained PDC moved through the 

village and overtopped the ridge to the North and entered the lower stretches of the Farm River Valley. 

The coarse breccias were likely formed from a significant turbulent and violent pyroclastic density 

current that was capable of carrying metre-sized boulders several kilometres from the volcano and 

causing significant erosion on steep lee slopes in Harris and the Farm River. The fines-poor nature of the 

breccias and fines-rich nature of associated deposits suggests strong particle segregation occurred in the 

dense, but highly fluidised parent density current. The particle segregation may have led to the partial 

detachment of a dilute ash cloud from a denser basal flow resulting in the deposition of coarse material 

on the inside of channel bends and fine grained PDC deposits on the outside of bends and lower valley 

slopes. The lobes within some of the breccias in the Farm River indicate deposition occurred from a 

series of flow pulses in the valley. 

Explosions toward the end of the collapse event generated pumiceous pyroclastic flows both typical 

sinuous flows and a more enigmatic pumice boulder flow. A large component of this flow moved to the 

north and into the Farm River. The pumice flow deposits at Trant’s were derived from flows that moved 

down the Farm River. 

Pumice fallout generated by the explosions shows a bilobate isopleths dispersal. The Easterly directed 

lobe is explicable by regional winds measured at the time, however a northerly directed lobe cannot be 

explained by regional winds. Instead, this may be explained by an inclined explosion plume as evident by 

the presence of a 80-m deep notch in the northern rim of the explosion crater in the summit of the 

dome (See Fig. 1.5.1 in the MVO Main Report). 
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Appendix B: Pyroclastic flow modelling in the Belham Valley using Titan2D 

A. Stinton, P. Cole, S. Ogburn (UB) 

B1. Introduction 

Following the significant topographic changes on the northern flank of the Soufrière Hills Volcano during 

Phase 5, MVO has undertaken an assessment of the potential hazards in the Belham Valley from 

pyroclastic flows (PFs) derived from dome collapses occurring on the N and NNW sectors of the lava 

dome. The digital terrain used in this assessment was acquired in June 2010 with a 1 m horizontal 

spacing and a vertical accuracy of 15 cm. A modified version of the Titan2D geophysical mass flow model 

(Patra et al., 2005) has been used to simulate dome collapse PFs. 

 

B2.Methodology 

B2.1 Titan2D model and Dome Slicing Tool 

The Titan2D geophysical mass flow model (Patra et al., 2005) is a numerical code for the simulation of 

dry granular avalanches, such as the dense basal avalanche part of a typical block-and-ash flow. 

Typically, a number of input parameters are required to run simulations, including pile dimensions 

(height, width and length), starting coordinates, and internal and basal friction values. Information on 

topography is read from a DEM. The normal procedure when starting a simulation is to define a pile that 

sits directly on top of the topography at the starting coordinates. If the pile is too high, it can cause 

material from the pile to collapse in unwanted or unexpected directions. In addition, placing a pile of 

material on pre-existing topography is not always appropriate. In order to produce more realistic 

simulations, Ogburn (2008) used a ‘Dome Slicing’ tool before running Titan2D. The dome slicing tool 

works by allowing the user to ‘slice’ the pre-existing topography along a user-defined failure plane that 

is controlled by the volume of material to be used in the simulation. The dimensions of the dome above 

the failure plane then form the pile input parameters in Titan2D. Slicing a pre-existing dome in this way 

produces a more controlled (and probably more realistic) collapse of the initial pile. 

 

B2.2 Digital Elevation Model 

In June 2010, a LiDAR survey of the SHV generated a DEM of the volcano below 750 m as the summit of 

the dome was covered with cloud at the time of survey. Consequently, the dome has been rebuilt to 

approximate that which existed just prior to the partial collapse on 11 February 2010. The original DEM 

was supplied with a horizontal spacing of 1 m. All the simulations have been run on a lower resolution 

DEM with a horizontal spacing or 10 m. This was done in order to directly compare results with 

simulations run over the older 2007 DEM which had a 10 m spacing. The implications of running on a 

lower resolution DEM are discussed below. 
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B2.3 Hazard Assessment Strategy 

The key objectives of this hazard assessment are to determine how much material could be introduced 

into the Belham Valley and how far down the valley PFs could reach. Consequently, a number of 

scenarios were considered. Dome collapses with volumes in the range of 10 million to 100 million were 

simulated (Table B2.1) from locations starting on the N and NNW sectors of the dome. N directed 

collapses are similar to the 25 June 1997 and 11 February partial dome collapse events, while 

simulations on the NNW sector send material directly towards the Belham Valley, and is considered to 

be the ‘worst case scenario’. The range of volumes used includes previous partial dome collapse events 

at SHV, such as the 25 June 1997 (6.4 million m3), 21 September 1997 (14.3 million m3), and 11 February 

2010 (40-50 million m3) events (all bulk volumes). 

The Titan2D model requires a number of input parameters including (collapse) volume and basal friction 

(see Patra et al., 2005 for a description of the model). The basal friction parameter is key to the 

simulations in Titan2D, having a significant influence of the mobility of the simulated flows. The mobility 

of the PFs in the Belham valley is a key issue and this was examined by using a range of values for the 

basal friction. Previous exercises using Titan2D to simulate PFs in the Belham Valley (Ogburn 2008; SAC 

2007) had found that the appropriate values of basal friction were between 5 and 7° and a similar range 

was adopted for this assessment. Table B2.1 lists the range of values for all key parameters used. 

Parameter Values 

(Collapse) volume 10,20,50,100 million m3 

Basal friction 5,6,7° 

Direction N and NNW 

Table B2.1: Ranges of values for the key input parameters in Titan2D. 

A set of simulations were also run on both the older 2007 DEM and the new June 2010 DEM in order to 

assess the effect of the changes in topography on the simulations. Two simulations were run from each 

of two different starting locations; one at the head of the Belham Valley and one higher up on the dome. 

All of the Titan2D input parameters were the same for the pairs of simulations. Table B2.1 lists details of 

each starting location. 

Location 
Elevation 

2007 2010 

Head of 
Belham Valley 

496 544 

Dome 604 734 

Table B2.2: Elevation differences between the same location in the 2007 and 2010 DEM from which 

simulations were run. 

B3. Results 

With the range of parameter values listed in Table B2.1, a total of 24 simulations were completed; 12 N 

directed collapses and 12 NNW directed collapses. Tables B3.1 and B3.2 list data from the dome collapse 

simulations, while figures B3.1-B3.5 show maps of the areas affected by the simulated flows and 
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resulting deposits for NNW directed simulations. No maps are shown for the N directed collapses as the 

NNW collapses are considered the worst case scenarios. Data on these simulations is available in Table 

B3.1 below. 

Basal 
Friction (°) 

Collapse Volume 
(x 106 m3) 

Runout 
(km) 

Volume in 
Belham* 
(x 106 m3) 

% of 
Collapse 
volume 

Max Deposit 
Thickness (m) 

5 

10 7.6 (sea) 1.9 19 6.7 

20 7.6 (sea) 4.0 20 9.0 

50 7.6 (sea) 10.4 21 13.3 

100 7.6 (sea) 19.4 19 16.6 

6 

10 6.4 2.4 24 7.2 

20 6.5 4.8 24 10.4 

50 6.9 11.8 24 12.9 

100 7.1 22.5 23 16.0 

7 

10 5.9 2.4 24 8.5 

20 6.1 4.9 24 11.0 

50 6.4 12.2 24 12.6 

100 6.5 24.4 24 17.7 
*based on a minimum thickness of 0.3 m. 

Table B3.1: Results of simulations for N directed partial dome collapse with volumes from 10 to 100 

million m3. 

Basal 
Friction (°) 

Collapse Volume 
(x 106 m3) 

Runout 
(km) 

Volume in 
Belham* 
(x 106 m3) 

% of 
Collapse 
volume 

Max Deposit 
Thickness (m) 

5 

10 7.6 (sea) 2.7 27 7.5 

20 7.6 (sea) 5.6 28 10.9 

50 7.6 (sea) 14.9 30 14.5 

100 7.6 (sea) 30.0 30 18.77 

6 

10 6.4 3.3 33 8.54 

20 6.6 6.6 33 11.6 

50 6.9 16.7 33 13.3 

100 7.1 34.3 34 19.9 

7 

10 5.9 3.4 34 10.5 

20 6.1 6.8 34 14.5 

50 6.3 17.2 34 15.6 

100 6.4 36.0 36 24.6 
*based on a minimum thickness of 0.3 m. 

Table B3.2: Results of simulations for NNW directed partial dome collapses with volumes from 10 to 100 

million m3. 
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Figure B3.1: Map showing the area inundated on the northern flank by a simulated collapse of 10 million 

m3 directed to the NNW. Inundation areas for 7, 6 and 5° basal friction are shown in shades of grey. The 

deposit thickness map for the simulation run with 7° basal friction is shown in a colour scale. The volume 

of deposit in the Belham Valley is 3.4 million m3. 

 

Figure B3.2: Inundation areas for 7, 6 and 5° basal friction and deposit thickness map for NNW directed 

simulations involving 10 million m3. The deposit shown is for the simulation run with 7° basal friction 

which introduces 3.4 million m3 into the Belham Valley. 
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Figure B3.3: Inundation areas for 7, 6 and 5° basal friction and deposit thickness map for NNW directed 

simulations involving 20 million m3. The deposit shown is for the simulation run with 7° basal friction 

which introduces 6.8 million m3 into the Belham Valley. 

 

Figure B3.4: Inundation areas for 7, 6 and 5° basal friction and deposit thickness map for NNW directed 

simulations involving 50 million m3. The deposit shown is for the simulation run with 7° basal friction 

which introduces 17.2 million m3 into the Belham Valley. 
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Figure B3.5: Inundation areas for 7, 6 and 5° basal friction and deposit thickness map for NNW directed 

simulations involving 100 million m3. The deposit shown is for the simulation run with 7° basal friction 

which introduces 36 million m3 into the Belham Valley. 

The results from the same simulations run over the two DEMs from 2007 and 2010 are shown in Figure 

B3.6 while Figure B3.7 shows the results of running the same simulation over the 2010 DEM at two 

different resolutions of 10 m and 5 m. 
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Figure B3.6: Comparisons between simulations run over the 2007 and 2010 Dem with the same initial 

conditions from higher up on the dome (L) and from the head of the Belham Valley (R). 

 

Figure B3.7: Comparison the deposit area from a 50 M m3 NNW-directed simulation run over a 10-m 

(and 5-m resolution DEM. Numbers in parentheses are the volume of material in the Belham Valley. 



 
M o n t s e r r a t  V o l c a n o  O b s e r v a t o r y  

 
 

Page 31 

B4. Discussion 

Figure B3.1 shows the area affected by a moderate collapse of 10 million m3 directed to the NNW. As 

can be clearly seen on all of the maps in Figures B3.2–B3.5, using the lowest basal friction of 5°, it is 

possible to get PFs to reach the sea down the Belham Valley. The smallest amount of material that 

reaches the sea is just 2.7 million m3 from a collapse of 10 Million m3. This equates to approximately 27 

% of the original collapse volume. For the other simulated collapses that reach the sea, approximately 

30 % of the original collapse volume (up to 30 million m3) reaches the sea. The area inundated by the 

flows, identified in each of the maps as grey shaded areas, shows that the flows from a 10 million m3 

collapse approach the 70 m contour that approximately defines the boundary between Zones A and B in 

Old Towne and Olveston. Flows from a 100 million collapse actually travel a short distance into Zone A. 

Further to the east, all of the flows cross the Zone A-B and V-A boundaries SE of MVO. Regardless of the 

volume in the Belham Valley, the simulated flows cover virtually the entire valley floor all the way to the 

sea. 

For simulations run with basal frictions of 6 and 7°, all flows stop at least 500 m short of the sea, but still 

reach up to 7.1 km down the Belham Valley. The higher basal friction makes it harder for flows of the 

same volume to travel further down the valley, but seems to introduce more material into the valley, 

with up to 36 million m3 (36 % of collapse volume) entering the valley. As can be seen in Figures B3.2-

B3.5, only the simulated flows from collapses of more than 50 million m3 approach the Zone A-B 

boundary in the area of Old Towne and Olveston. Again, further to the east, all flows cross the Zones A-B 

and V-A boundaries SE of MVO. 

By way of examining the mobility of the flows that enter the Belham Valley a range of basal frictions and 

volumes were used. Figures B4.1 – B4.3 compare the deposit volumes (i.e. the volume of material in the 

Belham Valley at the end of each simulation) for each collapse volume at the different basal frictions. 

These maps show that the simulations are more sensitive to the friction values used than the initial 

volumes. 
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Figure B4.1: Area covered by deposits in the Belham Valley from simulated collapse volumes of 10, 20, 

50 and 100 M m3 with a basal friction of 5°. Number in parentheses indicates volume of material in the 

Belham Valley. 

 

Figure B4.2: Area covered by deposits in the Belham Valley from simulated collapse volumes of 10, 20, 

50 and 100 M m3 with a basal friction of 6°. Number in parentheses indicates volume of material in the 

Belham Valley. 
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Figure B4.3: Area covered by deposits in the Belham Valley from simulated collapse volumes of 10, 20, 

50 and 100 M m3 with a basal friction of 7°. Number in parentheses indicates volume of material in the 

Belham Valley. 

 

It should also be noted that all the volumes discussed above are based on a minimum thickness of 0.3 m. 

This minimum is based on observations of the deposits from the 11 February partial dome collapse. 

However, in the interests of completeness, the effect of using different minimum thickness was 

examined. Figure B4.4 shows the results of this on the area of deposit from a 50 million m3 collapse. As 

can be seen, the effect of the area of the deposit is negligible when considering minimum thickness of 

0.1, 0.3 and 0.5 m. In terms of the volume involved, the difference is only 9 % (11.2 vs 12.3 million m3). 



 
M o n t s e r r a t  V o l c a n o  O b s e r v a t o r y  

 
 

Page 34 

 

Figure B4.4: Effect of using different minimum thicknesses to define the volume of material in the 

Belham Valley for a collapse volume of 50 million m3. 

The results from the same simulations run over the two DEMs from 2007 and 2010 are shown in Figure 

B4.5. The simulations run over the newer topography travel further down the Belham Valley, by up to 

700 m, and cover more area on the northern flanks. This is a direct result of the topographic changes 

that occurred during Phase 5 with the infilling of Tyre’s Ghaut and the upper Belham Valley making it 

easier for flows to travel and spread out further. There are two types of topographic change, increase in 

height of the northern flank and Figure B4.6 shows the results of running the same simulation over the 

2010 DEM at two different resolutions of 10 m and 5 m. Simulations run over the lower resolution DEM 

travel about 500 m further than those over the higher resolution. This suggests that the higher 

roughness in the higher resolution DEM reduces flow mobility slightly. However, the flows still cross the 

Zone A/B boundary in the area of Lower Frith and Happy Hill. 

 



 
M o n t s e r r a t  V o l c a n o  O b s e r v a t o r y  

 
 

Page 35 

 

Figure B4.5: Comparisons between simulations run over the 2007 and 2010 Dem with the same initial 

conditions from higher up on the dome (L) and from the head of the Belham Valley (R). 

 

Figure B4.6: Comparison the deposit area from a 50 M m3 NNW-directed simulation run over a 10-m 

(and 5-m resolution DEM. Numbers in parentheses are the volume of material in the Belham Valley. 
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B5. Summary 

Modelling PFs in the Belham valley using the Titan2D numerical model has shown the following: 

1. For dome collapses directed northwards the volume of material into the Belham valley varies from 

19% to 24% of the total collapse, whereas those directed NNW (the worst case direction) vary from 

27 to 36 % of the total collapse. 

2. The Titan 2D computer model is more sensitive to basal friction angle than volume in terms of 

runout of PFs. As a result using a basal friction angle of 5° a PF in the Belham valley with a volume of 

2.7 M m3 will reach the sea. However using a friction angle of 6° a PF in the Belham with a volume of 

34 M m3 stops just short of the coast. 

3. It is unclear which friction angle is most appropriate for future PFs in the Belham valley, although 

the 5 to 7° range probably gives the appropriate range of scenarios. 

4. The Titan 2D model does not consider the pyroclastic surge. However using a flow thickness of only 

0.3 m means that particularly mobile PFs crudely equivalent to the surge are considered. 

Comparisons with maps of the extent of pyroclastic surges with known events shows that these runs 

are broadly comparable. 

5. In relation to the hazard zone boundaries, the simulated flows in the lower part of the Belham near 

the coastline seem conservative for even the largest PFs, i.e. they do not approach the A/B 

boundary in the lower Belham valley in the Old Towne Region. However in the area of Lower Friths 

and Happy Hill the larger flows cross this boundary and it therefore seems less conservative in this 

region. 

6. Simulations run on the 2010 DEM travel up to 700 m down further down the Belham Valley and 

cover a significantly greater area of the northern flanks when compared to simulations run over the 

2007 DEM with the same input parameters. This is a result of both the addition of material (increase 

in height) to the northern flank and the filling of the Tyers Ghaut /Belham Valley. 

7. Simulations run on a 5 m resolution DEM have approximately 500 m shorter runout for the 50 M m3 

collapse than for the 10 m resolution DEM for the same parameters. 
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Appendix C - Pumice contents of explosion derived and dome collapse pyroclastic flow deposits  

P.D. Cole 

Vulcanian explosions at Soufriere Hills volcano have generated abundant vesicular pumiceous andesite 

both forming  pumice flows and pumice fallout in 1997 (Druitt et al 2002;  Cole et al 2002) and at several 

other times during the eruption in July 2008 and January 2009 (Komorowski et al. 2010).  Pumice has 

also been observed in smaller quantities in dome collapse derived block and ash flow deposits at other 

times, including the most recent Phase 5 of activity in 2009 including Vulcanian explosions in January 

and February 2010, as well as associated with more enigmatic /and or less well observed events in 

January 2007 (De Angelis et al; 2008; Loughlin et al; 2010). 

This brief summary reports on work done to quantify the pumice content of pyroclastic flows reported 

as containing some pumice in an attempt to throw light on the mechanism of generation of both the 

pumice and their host pyroclastic flows.  

C1. Pyroclastic flow forming events 

The pumice content of pyroclastic flow deposits examined includes the following events: 

C1.1. 8 January 2007 

The 8 January events were not well observed, however eyewitnesses reported at least three audible 

explosions (Louglin et al 2010). DeAngelis et al (2008) based on seismic evidence reported the event as a 

dome collapse. However there were two flow lobes one which travelled north east coming to rest below 

Harris and another larger one which travelled down Tyers Ghaut into the Belham valley. Such a pattern 

with more than one lobe is unusual for dome collapses. In addition samples from the flow terminus in 

the Belham Valley below Cork Hill showed that some pumice was present and two samples of the matrix 

were from the MVO rock collection were analysed. 

C1.2. 28 July 2008  

This Vulcanian explosion generated sinuous pumice flow deposits in several different valleys. This 

suggests a radial fountain collapse mechanism for these flows. The samples analysed here were 

collected from Gages just below St Georges Hill.  

 

C1.3. 8 January and 5 February 2010 Vulcanian explosions  

Of the five Vulcanian explosions that occurred in January and February 2010, two were sampled 

extensively: the 8 January and 5 February events.  The 8 January event was the larger of the two having 

a volume of ~ 3 M m3 DRE while the 5 February event was around 1 M m3. Neither of these events 

generated sinuous, lobate pumice flows however pumice was notable in both these pyroclastic flow 

deposits. Measurements of the densities of a representative range of coarse clasts from these 
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pyroclastic flows are shown in Figure B1. These show that the 8 January 2010 pyroclastic flow deposits 

contained more pumice than the 5 February ones.  

 

Figure C1 Density of clasts > 5 cm in size randomly sampled from pyroclastic flows formed by vulcanian 

explosions on 8 January 2010 and 5 February 2010. 

 

C1.4. 11 February 2010 vulcanian explosions associated with the partial dome collapse 

Pumice flow deposits were formed by pyroclastic flows generated by vulcanian explosions towards the 

end of the partial dome collapse on 11 February 2010. (for further details see Appendix A) 

 

C2. The pumice content  

We define pumice as vesicular juvenile andesite with a density of  < 1500 Kg/m3. Clearly these 

pyroclastic flow deposits contain a whole spectrum of material with a range of vesicularities (See Figure 

B1). The most important points from figure B2 are: 

 The pumice content of the- 4 (16 mm), -3 (8 mm) and -2 phi (4 mm) sieve splits of a range of 

pyroclastic flow deposits is shown in Figure 2. Almost all samples contain the highest quantity of 

pumice in the coarsest fraction (> 16 mm), and this decreases with finer grainsizes (8 and 4 mm).  

 

 True ‘pumice flows’ (i.e. 28 July 2008 and 11 February 2010) contain considerably more pumice 

(>80 wt% in -4 phi fractions) than other types of pyroclastic flows analysed. All other types of 

pyroclastic flow deposit contain typically <5 % pumice in the -2 phi fraction. The same size 

fraction of pumice flows from (25 to 80 wt%). It is of note that Block and ash flows formed in 

November 2009 and 11 February 2010 both contain small amounts of pumice (<5 wt%).  

 

 Pyroclastic flows form by the 8 January 2007 event and the Vulcanian explosion on the 8 January 

2010 both contain similar pumice quantities.  
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Figure C2 wt% pumice content in the -4 (16 mm), -3 (8 mm) and -2 phi (4 mm) size fractions of different 

pyroclastic flows formed over the last few years at Soufriere Hills volcano. 

 

C3 Origin of pumice in pumice-poor pyroclastic flow deposits 

Pumice flows generated by Vulcanian explosions such as those on 28 July and others on 11 February 

2010 clearly formed abundant juvenile pumice. However the origin of pumice in the other types of flows 

is more enigmatic. In addition Block and Ash flows generated during Phase 5 activity also contain a small 

amount of pumice (Nov ’09 BAF).   

 

C3.1. Juvenile origin 

The origin of the pumice within these pyroclastic flows deposits could juvenile. The marked decrease in 

pumice content with grainsize however needs to be explained.  This could be caused by the manner in 

which these deposits were sampled, which was generally done in the days immediately after the events 
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before they were either cool or dissected by fluvial action. Therefore the reason for the enrichment in 

pumice in the coarser grainsizes might be that these samples include pumice which has been 

preferentially segregated to the top and /or margin of the flow. It is thus likely that the true amount of 

pumice in these pyroclastic flows and in the explosion itself is lower and is represented by the finer grain 

sizes (e.g. 4 mm and finer).  Samples of the (sub millimetre) matrix of these deposits have yet to be 

studied in detail. 

An interesting point from the 11 Feb 2010 event relates to the pumice boulder deposit that occurred 

associated with the explosive activity toward the end of the event. This deposit is formed by coarse 

pumiceous material but there appears to be no fine grained component associated with it. 

 

C3.2. Lithic Origin 

An alternative possibility is that the pumice is derived from older deposits. Pumice was observed with 

the 21 September 2007 dome collapse pyroclastic flow deposits in the Trants region. The pumice within 

these block and ash flows was concentrated in the margins of flow lobes forming diffuse levees. These 

pumices were interpreted by Cole et al (2002) to be picked-up /derived from pumice flows formed 

earlier in August 1997 over which the dome collapse block and ash flows travelled. 

One possibility for the origin of the pumice that is present in small quantities in some pyroclastic flows is 

that this is derived from either pumiceous deposits formed earlier during the eruption or from 

prehistoric pumiceous pyroclastic flow deposits. Clearly abundant loose pumice lies on the floor of 

Ghauts and in the walls of Ghauts in the form of Prehistoric deposits. However if the pumiceous material 

is derived from old deposits it is unclear why this should selectively include pumice in the coarser 

fractions, rather than more evenly through the grainsizes. 

 

C4 Preliminary conclusions 

Although this work is ongoing some very preliminary conclusions can be drawn: 

Pumice-rich Vulcanian explosions such as those that occurred on 28 July 2008 and also at the end of the 

partial dome collapse on 11 February 2010 contain abundant pumice throughout the grain sizes. Other 

explosions and dome collapse derived contain only minor quantities of pumice in comparison (>5 wt%  

in the 4 mm fraction) 

Pumice-poor Vulcanian explosions have taken place a number of times at Soufriere Hills Volcano. The 8 

January and 5 February 2010 explosions were examples of such, but it is quite possible that similar 

events have also occurred at other times. The similarity of the 8 January 2007 pyroclastic flow deposits 

with those of Vulcanian explosion of 8 January 2010 might imply a similar eruption mechanism.  The 

Vulcanian explosion that occurred on 3 December 2008 might also be similar (Stewart et al. 2009). 
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Appendix D: Ground Deformation 

H. Odbert 

 

D1 cGPS 

 

Figure D1.1 shows the availability of data from cGPS stations at the time of writing. Long outages of 

MVO stations Harris and Hermitage resulted from destruction and damage to the sites, respectively, 

during Phase 5. Other, shorter outages early in the year were mostly related to power loss caused by 

ash-covered solar panels. Power loss at Hermitage followed the passing of Hurricane Earl, which flipped 

the solar panels over. A major issue with telemetry at Trants has resulted in no data availability since 29 

August. This problem should be rectified in the near future.  

 

 

Figure D1.1 2010 Availability of raw GPS data from Montserrat stations. 

 

D2 Processing 

Development of the cGPS acquisition and processing routines is ongoing. Analysis suggests that a 

dominant source of noise at local stations could be signal delays from tropospheric water. Though this 

cannot be removed it may be possible to mitigate effects further by more detailed delay modelling 

during processing. This can be achieved within GAMIT/GLOBK using the GPS data alone or, when data 

become available, by incorporating local meteorological datasets into processing routines.  

 

Further refinement of MVO’s approach to cGPS processing will be assisted further by testing and 

incorporating ideas and methodologies discussed at a recent GAMIT/GLOBK workshop, attended by H. 

Odbert. 
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D3 Modelling – H Rawson & H Odbert 

MVO recently obtained a trial licensed copy of the COMSOL Multiphysics 4.0 modelling packaged, 

following a workshop hosted at UWI and attended remotely. Volunteer Harriet Rawson (U.Cambridge) 

subsequently undertook a short project to test the capabilities of COMSOL for ground deformation 

modelling applications. A 3D model was generated with a geometry based on that proposed by Costa et 

al (2007). The deforming country rock was represented by a finite layered volume with an andesite 

basement topped by 2 km of ignimbrite; structural properties were taken from Kulhawy (1975) and 

boundary loads for the deformation source were taken from Costal et al. (2006) and Melnik and Sparks 

(1999), including variation of magma density with depth (Melnik and Sparks, 2005). Figure D3.1 shows 

screenshots of the 3D visualisation of the deformation model and the resulting deformation field. 

 

a  

b  
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Figure D3.1 Screenshots from COMSOL Multiphysics 4.0 showing (a) 3D model geometry and (b) 

absolute ground deformation distribution (red is maximum offset). 

 

Source parameters were chosen to represent a deflating reservoir/ dyke and results were compared to 

cGPS deformation measurements recorded during Phase 5. Generally, the model proved significantly 

more sensitive to pressurisation than frictional forces at the source boundary. The RMS misfit between 

the modelled and observed displacements was calculated while varying the orientation of the dyke 

structure (Figure D3.2). The best-fit model suggests a dyke oriented at about 010º, although there 

appears to be a significant sensitivity to the relative weighting of cGPS observations..  

While it appears that COMSOL is a powerful modelling tool for engineering applications, the modelling 

exercise summarised here exposed several limitations when used for geophysical scenarios. For 

example, forming complex geometries is awkward or impossible and, despite significant effort, we were 

unable to import a surface DEM. Additionally, the definition of material and dynamic properties were 

found to be rather prescriptive. More effort would be required to overcome these problems but were 

beyond the scope of what could be achieved during our trial period with the software. The more recent 

release of COMSOL has improved on these weakness and, combined with proper software training, 

might yield a useful modelling capability. Future efforts will be focussed on forward and inverse 

deformation modelling using the mixed boundary elements method. 

 

 

Figure D2.2 RMS Misfit between modelled and observed (Phase 5) 3D ground displacements. 
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