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Abstract 

The aims of this project were to investigate the long-term ground deformation of Mt Etna.  

More specifically, loan 898 was to measure the ground deformation in the wake of the 2008-9 

eruption to see if gravitational spreading had resumed, and also to extend back the record of Etna’s 

ground deformation to include pre-GPS trilateration data by making GPS and geodetic measurements 

at the same points.  The latter aim was carried out by a different method from that planned for 16 

stations across the volcano.   

The location of the field area is shown in Fig. 1.  Mt Etna, Sicily, had completed its longest 

flank eruption in 17 years (13
th

 May 2008 – 6
th

 July 2009) two months before the trip started.  Like the 

eruptions of 2004 and 2006 October, the main eruptive vents were associated with the Southeast 

Crater, and were situated in the upper reaches of the Valle del Leone in its southern part.  The lavas 

from these three eruptions have covered much of the lower part of the Valle del Leone, and the central 

Valle del Bove.   

All three ground deformation networks: levelling, dry tilt and GPS, were measured.  The 

movements recorded in 2008 after the start of the eruption had showed large horizontal movements of 

50 cm or more. The disposition of these vectors indicated the presence of a dyke injected NW-SE 

between the summit and the eruption site.  However, an unusual feature of this eruption was the fact 

that the lower flank stations showed no evidence of gravitational spreading, suggesting that this event 

might have been driven by magma pressure rather than depressurisation caused by spreading, so the 

2009 results were awaited with particular interest to see if spreading was still arrested.  The movement 

vectors conclusively show that spreading had resumed at about an average annual rate of non-eruptive 

periods of 2-4 cm.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 
Location of Mt Etna GPS survey network 

 

Background 

This loan was requested for a long-term project to investigate temporal and secular ground 

deformation at Mt Etna. The overall aim of the project is to determine how Mt Etna volcano functions, 

and what controls the times, frequencies and intensities of eruptions.  This study forms part of a 

number of inter-related investigations into the deformation and eruptive activity of volcanoes, 

including those now being investigated on other planets.  The work includes analogue and numerical 

modelling of the observed horizontal and vertical deformation, in order to detect changes in the 

volcano’s magmatic plumbing system and thereby to elucidate its eruptive mechanism, with the 

ultimate aim of facilitating the prediction of eruptions.  
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The P.I. began ground deformation measurements (precise levelling and Dry Tilt) in 1975, and 

three-dimensional measurements in the 1980s (trilateration with total stations, and later the first 

rudimentary GPS survey in 1989).  These networks comprise more than 90 dual-frequency GPS 

stations, 235 precise levelling benchmarks (of which 54 were added this trip) which yield precisions 

of <1mm per km, and 27 dry tilt stations at widely scattered locations around the summit and flanks of 

the volcano, which measure changes in ground tilt to ~5µ.  The present whole-volcano GPS network 

measures 37 km E-W by 34 km N-S (see fig.1), and was set up in 1995, since when it has been totally 

or partially occupied 15 times.     

 

Volcanic activity 

During the trip, there was little sign of activity in September apart from quiet degassing from 

the Chasm, Northeast & Southeast craters and the Bocca Nuova.  During visits to the summit, no 

noises could be heard from the Chasm on October 6
th

 or 9
th

, but over a period of 2½ hours on October 

9
th

, four roaring episodes at the Northeast Crater were heard from the road and from the Chasm edge 

between about 11h 15m and 13h 45m, indicating gas pulses probably associated with deep 

strombolian activity.   

 

Personnel 

The measurements were carried out by the following volunteer assistants: 
 

Ralf Gertisser, University of Keele.     

Rowena Gunn, University of Glasgow 

Heléna Moretti, Open University 

John B.Murray, Open University 

Andrew Pitty, University College London 

Anne Peterson, Open University 

Georgina Sawyer, CNRS, France.   

 

Survey procedure 

Altogether, seven Leica 530 kits were taken to Etna, five from the Open University plus the 

two loaned by NERC GEF.  Where travel time and distance allowed, all 7 GPS kits were 

simultaneously deployed to 7 stations in the network for periods of up to 31 hours, enabling 21 lines 

to be measured at one time.  In the summit region, where stations were close together and shorter 

occupation times possible, five or six instruments were set up as first or second-order stations and one 

or two kits were carried to successive third order stations (up to 7 in one day).  60% of the points were 

repeat measured, eight were measured five or more times and 21 stations more than twice.  One kit 

was always installed at Station 3, usually the first to be set running and the last to be taken down, to 

act as a common base station for all observations.  A complete chronological list of times and lengths 

of each station occupation is shown in fig. 2. 

 

Data quality 

The overall data quality is excellent (see fig. 3) and there were very few problems encountered.  

In the final adjustment, 87% of Northings and Eastings had to be adjusted by less than 2.5 mm, and 

96% by less than 5 mm.  The equivalent values for height were 58% & 84%.  There were two stations 

for which unusually high corrections were necessary. Station 49 had adjustments of 30 mm in Easting 

and 66 mm in Northing.  This station was observed only once, for 24 minutes, and with measured 

lines up to 20 km long this is a much shorter time than recommended.  Since it is a witness station for 

station 34, the resulting movements could be dropped from the later analysis.  Station 37 was adjusted 

by 54 mm in height, but is one of the stations which is included in the precise levelling traverse, so 

much more reliable height change data 2008-9 is available for this point.   

 The levelling traverse was extended a further 4 km to the northeast as far as the Piano della 

Concazze, adding 23 stations to this line, and 6 km to the south as far as the Rifugio Sapienza, 31 

stations being added here.   

NERC Geophysical Equipment Facility - View more reports on our website at http://gef.nerc.ac.uk/reports.php
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Fig. 3. Histograms of residuals to network  

adjustment in mm  for Eastings (above),  

Northings (top right) and Height (right).    

The vertical axis is the number of stations  

with the correction value after network  

adjustment. 

 

 

 

 

Processing & modelling 

Processing was carried out using Leica GeoOffice software.  The data quality of the fully 

adjusted network is shown in Fig. 3 in the form of histograms of the station residuals after network 

adjustment.  There was little volcanic activity apart from normal degassing throughout the period of 

measurements, and the corrections after adjustment are generally small, suggesting that no significant 

deformation occurred during the 30 days between the first and last measurement.   

 

Preliminary findings 

The results of earlier GPS measurements have shown a marked difference in behaviour 

between the east side of the volcano and the west.  Those stations on the east side have shown 

cumulative movements towards the sea (mainly easterly or southeasterly) of more than 2 metres in 

some cases, i.e. an average of 10 cm per year, though the rate of movement has varied greatly from 

year to year.  Those on the west, on the other hand, have shown radial outward movements about one 

third of the magnitude of those on the east.  On the western lower flanks they have been 

comparatively stable, showing movement of about 1 cm per year or less.  The dividing line between 

the two halves is marked by the northeast rift, continuing into the Pernicana fault to the north, and by 

the southern rift to the south, with other discontinuities within the unstable sector. 

The movements  2007-2008 were rather different.  Although the upper parts of the volcanic 

edifice showed large horizontal movements of around 50 cm indicating the presence of a dyke injected 

NW-SE between the summit and the eruption site, the lower flanks did not show distinct signs of 

radial outward spreading, with many vectors pointing tangentially or towards the summit, as well as 

away from it.   

The movements 2008-2009 however, shown below in fig. 4, show that spreading has resumed, 

though the movement is only consistently radial in the southern and eastern parts of the edifice.  The 

five most northerly stations, lying more than 8 km from the summit outside the Pernicana fault, have 

shown no significant movement.  

 

Interpretation to date 
The 2007-8 movements suggested that contrary to evidence for previous eruptions, magma 

injection at the summit was the principal cause of the eruption (Neri et al. 2009) rather than 

gravitational spreading (Borgia et al 1992).  If this was the case, then we would expect the large 

summit movements 2007-8 to transfer downslope, causing increased spreading 2008-9.  Looking at 

NERC Geophysical Equipment Facility - View more reports on our website at http://gef.nerc.ac.uk/reports.php
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fig. 4, spreading has certainly resumed in the northeast, southeast & southwest sectors, but no stations 

have shown any spreading towards the north or northwest, suggesting a barrier to movement here, 

possibly a combination of the Peloritan mountains, that would tend to block movement here, and the 

general southeasterly slope of the surroundings of the volcano, which would impede northwesterly 

upslope spreading.   

  

 

 
Fig. 4: Vectors of horizontal movement 2008-2009, derived from GPS values at 96 stations 

 

Measurement of the geoid at Mt Etna 

A principal aim of the 2008 fieldwork was to extend back the record of three-dimensional 

deformation measurements to earlier epochs by accurately determining the vertical at GPS points 

across Mt Etna.  This would be the most accurate way of measuring the geoid, and therefore GPS-

geodetic height differences, which would enable pre-1995 trilateration geodetic coordinates to be 

transformed into ellipsoidal GPS coordinates, so that earlier data could be linked in to the more recent 

post-1994 values.  This was planned to have been done using theodolite measurement of around 50 

star positions at each point to determine the local deviation from the vertical.  Unfortunately, two 

things made this impracticable.  Firstly, access into the Corpo Forestale territory after dark was 

denied, so that two-thirds of the flank stations could not be accessed, and secondly battery failure 

NERC Geophysical Equipment Facility - View more reports on our website at http://gef.nerc.ac.uk/reports.php
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meant that the theodolite was usable for about 5-20 minutes only, not sufficient to make the required 

star observations. 

 It was therefore decided to tie in as many GPS stations as possible to the precise levelling 

network to measure the relative GPS-geodetic height difference.  16 stations were tied in, and this 

work was extended considerably in 2009 and 2010, when a further 5 and 16 GPS stations were 

levelled, making 32 in all.  This means that we now have knowledge of the geoid within an area 

measuring about 14 x 11 km around the summit, to an accuracy of better than a centimetre for most 

stations.   

 

Publications 

Two studies which use the measurements made at Etna to inform fundamental studies of 

volcano functioning were published in 2009 and 2010.  The first, published in late 2009 (Murray et al. 

2009), used the direct measurement of spreading at Mt Etna as evidence of the difference between the 

crustal structure and dynamic behaviour of volcanoes on Earth and Mars.  The second paper appeared 

in 2010 (Borgia & Murray 2010) and consisted of a comparative study of the topology and structural 

elements of Mt Etna and the Tharsis Rise, Mars.  Using basic physical premises, a set of 

dimensionless parameters were developed for the dynamic evolution of both Etna & Tharsis, and used 

to demonstrate that both volcanoes are part of a continuum of gravity-driven processes that exists over 

many orders of magnitude in space and time.  This paper attracted considerable media interest, 

including both the National Geographic and the student version of Time Magazine in the U.S.A., as 

well as featuring in NERC’s own “Planet Earth”.  Both publications acknowledge NERC, but I’m 

afraid that I had missed the stipulation that GEF loans should acknowledge NERC GEF specifically, 

so GEF has unfortunately not been mentioned.  I will ensure that this does not happen in the future. 
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