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                                                                       Introduction 

The Organizing Committee of VMSG 2012 warmly welcomes you to the 
historic city of Durham! 

 
We are very excited to be hosting VMSG 2012. Durham has a proud history of research into 
volcanic and magmatic processes, on which the Durham Volcanology Group strives to build. 
VMSG this year is 2.5 days long, which we hope will add to your conference experience. We 
have put in more time for discussion and chat around posters, while at the same time 
continuing to showcase UK volcanic and magmatic science and providing PhD students with 
an opportunity to present to the scientific community. This year, more than 180 delegates are 
attending VMSG and we hope that all of you enjoy your conference in our charming city. 

 

Durham City and Durham University 

Durham is a small, personable city with a long history. There has been a settlement in 
Durham for 4000 years, although the roots of the modern city can be traced back to 995 AD 
when monks from Lindisfarne chose to build a church on the prominent hill in the city. The 
construction of the cathedral, which dominates the city skyline, was started in 1080 AD. The 
cathedral is surrounded by steep wooded riverbanks and medieval buildings, most of the 
latter are now owned by Durham University. The city flourished during the 1500s and has 
been strategically important as a defensive outpost during times of unrest. Durham became 
one of England's leading centres of medieval scholarship, along with Oxford and Cambridge, 
and in 1832 Durham was endowed with the Castle and lands and granted degree-awarding 
powers by the king as England's third University.  

Today, the city forges ahead with a mixture of education, research, commerce and light 
industry. Durham’s rich history also makes it a major focal point for tourism in the region 
and you can find lots to occupy your time between the river and the cathedral and the narrow 
cobbled streets. Durham is especially pretty in winter and has many warm hostelries. We 
hope you enjoy your stay here. 

 

A Brief History of Earth Sciences at Durham 

Aspects of the Geological Sciences have been taught at Durham University since its 
founding, but it was not until 1924 that the Geology Department was created, with Dr (later 
Professor) Arthur Holmes appointed as its head. Holmes developed a strong department, 
which produced a succession of distinguished professional geologists. Holmes left the 
department in 1943, shortly before the publication of his groundbreaking textbook ‘Principles 
of Physical Geology’. Prof. Lawrence Wager was appointed Holmes’ successor, and oversaw 
growth of the department, recruiting Dr David Vincent (Geochemistry) and Dr Fred Stewart 
(Petrology), both of whom were later elected FRS.  

The department in its modern form began with the appointment of Prof. Kingsley Dunham 
FRS as Head in 1950. Dunham brought huge energy and vision to the role, overseeing a 
dramatic expansion in staff numbers. The Rookhope Borehole Project was perhaps the stand-
out scientific achievement of this period, and marked the rise of Geophysics in the 
department, led by Prof. Martin Bott FRS. Prof. Malcolm Brown FRS arrived in 1967, and 
shared HoD duties with Prof. Bott for the next twelve years; petrological, mineralogical and 
geochemical analysis of moon rocks, returned by the Apollo missions, was a highlight of this 
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period, and laid the foundations for the department’s pre-eminent status as a centre for 
Geochemistry.  

In 2003, we became the Department of Earth Sciences, and moved to our current home – the 
Arthur Holmes Building – which includes state-of-the-art laboratory facilities, and purpose-
built teaching rooms. The department now comprises 30 academic staff, 30 research staff, 70 
PhD students and around 250 undergraduates, and is known internationally as one of the top-
rated Earth Science departments in the country. 
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Conference Timetable 

 WEDNESDAY THURSDAY FRIDAY 

9:00 

Eruptions & Emissions 

Advances in Research 
on the British/Irish 

Palaeogene Volcanic 
Province 

9:15 
9:30 
9:45 

10:00 
10:15 
10:30 

Coffee/Posters 10:45 
Coffee/Posters 11:00 

11:15 

Volcanoes & Society 

11:30 Eruptions & Emissions 
cont. 11:45 

12:00 

Registration 

Research in Progress 12:15 
12:30 
12:45 
13:00 

Lunch & AGM 13:15 

Lunch & Student Forum 13:30 
13:45 Introduction 
14:00 

Sources & Reservoirs 
Research in Progress 

cont. 

14:15 

Magma in Motion 

14:30 
14:45 
15:00 
15:15 
15:30 

Coffee/Posters 15:45 
Coffee/Posters 16:00 

16:15 VMSG Award  Closing Remarks &       
Student Awards 16:30 

Sources & Reservoirs 
cont. 

VMSG Award Talk: 
John Gamble 16:45 

17:00 
17:15 

Reception/posters 

  
17:30 

Reception/posters 

17:45 
18:00 
18:15 
18:30 
18:45 
19:00 
19:30 Conference Dinner 
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                                                              Conference Logistics 

Registration 

Registration is at the south facing entrance of the Geography Department, please follow the signs. 
You will receive a welcome pack including useful maps and information about Durham and the local 
area, as well as this abstract volume. 

Lunch is not provided on Wednesday before the first oral session but can be bought from many 
restaurants and cafes in the town centre or from the cafes on the science site, located in the University 
Library or the Calman Learning Centre (please see map of Durham University on page 6 for details). 

 
Information for Presenters 

Oral Presentations 

Oral presentations will be held in the Applebey lecture theatre in the Geography Department. Keynote 
speakers have a 30 minute presentation slot (25 minutes + 5 minutes questions). All other speakers 
have a 15 minute presentation slot (12 minutes + 3 minutes questions). Speakers for the first session -
Sources and Reservoirs - please upload your presentation during the registration period. All other 
speakers should upload their presentation in the coffee/lunch break prior to their session. Speakers in 
the first morning sessions should upload their talks at the end of the last session of the previous day. 

Poster Presentations 

Poster sessions will be held on the second floor of the Earth Sciences Department. Please follow the 
signs and put up your poster during the registration period. Your poster will be displayed at all times 
throughout the conference, with dedicated time slots when you should be standing by your poster 
(please see session breakdown). 

 
Drinks Receptions & Canapés 

There will be two drinks receptions during VMSG 2012.  These are opportunities to view the posters 
and socialise over a drink.  Both receptions will take place in the poster exhibition rooms (TR1, TR2 
and TR3 in the Department of Earth Sciences).   

The first reception takes place at 17.30pm on the 4th and will feature wine, soft drinks and our unique 
‘Erta Ale’.  Immediately following this at 7.30pm we will gather at Durham Castle for the gala dinner.   

The second reception takes place at 17:15 on the 5th and will feature, in addition to drinks, a selection 
of canapés and other snacks.  For details of good restaurants and bars to visit during the evening, 
please refer to the list of recommendations compiled by the Durham Volcanology Group research 
students and staff (please see page 102).   

 
Gala Dinner 

The gala dinner will be held in the fabulous Great Hall of Durham Castle, a 15 minute walk from the 
Department of Earth Sciences. Durham Volcanology Group staff and students will be on hand to 
guide delegates to the Castle, aiming to assemble there at 19:30, with dinner served at 20:00 sharp.   

The Castle bar will be open before and after the dinner.  Following a short awards presentation by the 
Mineralogical Society, a local Ceildh band will be performing.   

Please inform the catering staff of any dietary requirements upon arrival at Gala Dinner. 
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Payment / accommodation / travel enquiries 

All enquiries should be directed to: Judith Aird, Event Durham Administration 

Event Durham 
Room GB22 
Mountjoy Research Centre Block 2 
Stockton Road 
Durham 
DH1 3UP 
 
Tel: +44 (0)191 334 2884   
Fax: +44 (0)191 334 2892   
    
E-mail: conferenceadministration.service@durham.ac.uk  

 
Accommodation 

Accommodation has been provided at two locations close to Durham University: 
  
Address: Collingwood College                                               Address: Durham Business School  

Durham University                                                                   Mill Hill Lane 
South Road                                                                               South Road 
Durham                                                                                     Durham 
DH1 3LT                                                                                           DH1 3LB 

 
Telephone: 0191 334500                                                         Telephone: 0191 334 5213 
 

Free parking is available at Collingwood College and the Durham Business School only. There is no 
parking available on the Science Site. Rooms are guaranteed to be ready by 14.00 hrs. The porters 
reception will be open from 09.00-17.00 hrs.  Outside these times, a porter will be available to show 
you to your room. Please use the internal telephone near to reception to call the porter if they are away 
from their post. Smoking is now prohibited in all enclosed public places in the UK. A designated 
outdoor smoking area is provided at both Collingwood College and the Durham Business School. 

 
Checkout and Luggage 

Checkout will be at 10:00, unless you are extending your visit and have made arrangements with 
Event Durham Administration Team directly.  Rooms at Collingwood College and the conference 
venue will be provided for the storage of luggage for participants checking out, however luggage left 
is at the owners risk. 

 
Internet facilities 

You will be allocated a user name and password at the conference registration for use at the 
conference venue. 

 
 
 
 



Map of Durham University 
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Map of Durham University 

Number  Building  Grid 
Reference  

27 Administration (University Office)  E3  
21 Advanced Study, Institute of D4 
41 Anthropology (Dawson Building) E6  
57 Applied Social Sciences - Sociology and Criminology F3  
36 Applied Social Sciences - Sport F3 
25 Applied Social Sciences - Social and Community & Youth Work  E3  
41 Archaeology (Dawson Building) E6  
46 Assembly Rooms  D3  
11 Biological and Biomedical Sciences  E7  
7 Botanic Garden  D9  

43 Calman Learning Centre E6/7 
26 Careers Advisory Service  E4  
15 Chemistry, Scarbrough Lecture Theatre  E6  
30 College of St Hild and St Bede  G2/H2  
46 Classics and Ancient History  D3  
6 Collingwood College  D8  

25 Combined Honours in Arts and Social Sciences E3 
25 Community and Youth Work Studies E3  
14 Computer Science  E7  
25 Counselling Service  E3  
56 Dryburn Court (Ustinov College)  n/a  
1 Durham Business School  A7/A8  

26 Durham Students' Union (Dunelm House)  E4  
43 Earth Sciences, e-Science Research Institute  E7  
39 Economics and Finance  F3  
29 Education  G2  
25 Elvet Riverside  E3  
14 Engineering  E7  
33 English Studies  E5  
35 Estates and Buildings  H4  
25 Faculty Office (Arts & Humanities) E3 
15 Faculty Office (Science) E6 
43 Faculty Office (Social Sciences & Health) E7 
40 Geography, Applebey Lecture Theatre  D6  

51 Government and International Affairs - South End House 
(Politics) C8 

5 Government and International Affairs - Al-Qasimi Building 
(Middle Eastern and Islamic Studies) B7 

8 Grey College and Holgate House  D8  
20 Hatfield College  D4  
37 Health Centre  G4  
14 Health and Safety Office  E7  
24 History  D3  
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http://www.dur.ac.uk/ias
http://www.dur.ac.uk/anthropology
http://www.dur.ac.uk/sass/soccrim/
http://www.dur.ac.uk/sass/sport/
http://www.dur.ac.uk/sass/
http://www.dur.ac.uk/archaeology
http://www.dur.ac.uk/biological.sciences/
http://www.dur.ac.uk/botanic.garden/
http://www.dur.ac.uk/careers-advice/
http://www.dur.ac.uk/chemistry/
http://www.dur.ac.uk/hild-bede/
http://www.dur.ac.uk/classics/
http://www.dur.ac.uk/collingwood/
http://www.dur.ac.uk/combined.honours
http://www.dur.ac.uk/sass/cayw/
http://www.dur.ac.uk/computer.science/
http://www.dur.ac.uk/counselling.service/
http://www.dur.ac.uk/ustinov.college/
http://www.dur.ac.uk/dbs/
http://www.dsu.org.uk/
http://www.dur.ac.uk/earth.sciences/
http://www.dur.ac.uk/economics.finance/
http://www.dur.ac.uk/education/
http://www.dur.ac.uk/engineering/
http://www.dur.ac.uk/english.studies/
http://www.dur.ac.uk/estates/
http://www.dur.ac.uk/arts.humanities/
http://www.dur.ac.uk/science.faculty/
http://www.dur.ac.uk/socialsciences.health/
http://www.dur.ac.uk/geography/
http://www.dur.ac.uk/sgia/politics/
http://www.dur.ac.uk/sgia/politics/
http://www.dur.ac.uk/sgia/imeis/
http://www.dur.ac.uk/sgia/imeis/
http://www.dur.ac.uk/grey.college/
http://www.dur.ac.uk/hatfield.college/
http://www.dur.ac.uk/health.centre/
http://www.dur.ac.uk/healthandsafety/
http://www.dur.ac.uk/history/
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3 House of Sport  B8  
15 Information Technology Service  E6  
55 Josephine Butler College  C10  
3 Lafcadio Hearn Centre, Teikyo University  B8  

25 Language Centre  E3  
24 Law (undergraduate) D3  
57 Law (postgraduate) F3 
29 Library (Education Section)  G2  
13 Library (Main Section)  E6 
22 Library (Palace Green Section)  C3  
32 Maiden Castle Sports Centre  I6/I7  
15 Mathematical Sciences  E6  
25 Modern Languages  E3  
45 Mountjoy Research Centre  E8  
22 Music  C3  
15 Natural Sciences E6 
53 Nursery  G2  
48 Observatory  A6 
18 Old Fulling Mill Museum of Archaeology  C4  
3 Oriental Museum  B8  

34 Palatine House  E5  
21 Pemberton Lecture Rooms  D4  
28 Philosophy  E3  
12 Physics (Ogden Centre for Fundamental Physics)  D7  
44 Psychology  E7  
31 Racecourse playing fields  H3  

49 Refounders House/ Fonteyn Court/ Parsons Field House & Court 
/Brooks House  G4  

15 Security Office  E6 
54 Services for Students with Disabilities (DUSSD)  G2  
50 Shoichi Hall / Etsuko Hall, Teikyo University  C7  
2 St Aidan's College and Lindisfarne Centre  A7/A8  

19 St Chad's College  D4  
16 St Cuthbert's Society  C5  
17 St John's College  D5  
10 St Mary's College  C6/C7  
21 Theology  D4  
9 Trevelyan College and Sir James Knott Hall  C7/C8  

21 Union Society  D4  
23 University College (Castle)  D3  
47 Ushaw College  n/a  
52 Ustinov College  B10/C10  
4 Van Mildert College  B8/C8  

42 Visitor Information Point  E6 
 

http://www.dur.ac.uk/its/
http://www.dur.ac.uk/butler.college/
http://www.dur.ac.uk/language.centre/
http://www.dur.ac.uk/law/
http://www.dur.ac.uk/law
http://www.dur.ac.uk/library/using/libraries/educationlibrary/
http://www.dur.ac.uk/library/
http://www.dur.ac.uk/library/using/libraries/pglibrary/
http://www.teamdurham.com/index.php
http://www.dur.ac.uk/mathematical.sciences/
http://www.dur.ac.uk/mlac/
http://www.dur.ac.uk/music/
http://www.dur.ac.uk/natural.sciences
http://www.dur.ac.uk/university.nursery/
http://www.dur.ac.uk/fulling.mill/
http://www.dur.ac.uk/oriental.museum/
http://www.dur.ac.uk/hatfield.college/
http://www.dur.ac.uk/philosophy/
http://www.dur.ac.uk/physics/
http://www.dur.ac.uk/psychology/
http://www.dur.ac.uk/st-cuthberts.society/
http://www.dur.ac.uk/st-cuthberts.society/
http://www.dur.ac.uk/dussd/
http://www.dur.ac.uk/st-aidans.college/
http://www.dur.ac.uk/StChads/
http://www.dur.ac.uk/st-cuthberts.society/
http://www.dur.ac.uk/st-johns.college/
http://www.dur.ac.uk/st-marys.college/
http://www.dur.ac.uk/theology.religion/
http://www.dur.ac.uk/trevelyan.college/
http://www.dus.org.uk/
http://www.dur.ac.uk/university.college/
http://www.ushaw.ac.uk/
http://www.dur.ac.uk/ustinov.college/
http://www.dur.ac.uk/van-mildert.college/


                                                                 Session Breakdown 

ORAL PRESENTATIONS 

All oral presentations are held in the Applebey lecture theatre, Department of Geography. 
Presentations should be uploaded in the break prior to you session. If you session is the first one of the 
day, please upload it at the end of the day before. 

 

Wednesday 4th January 

Presenters for Sources & Reservoirs please upload your presentations during registration. 

Sources & Reservoirs, 14:00 – 17:30 (including Coffee and Posters, 15:45 – 16:30) 

14:00 J.J. ARMITAGE 
Keynote: Beyond Hotspots: the importance of rift history for volcanic margin 
formation 

14:30 O. SHORTTLE & J. MACLENNAN 
Compositional trends of Icelandic basalts: Implications for short-length scale 
lithological heterogeneity in mantle plumes 

14:45 J. PRYTULAK,  S.G. NIELSEN, T. PLANK, M. BARKER & T. ELLIOTT 
Assessing the Utility of Thallium and Thallium Isotopes for Tracing Subduction 
Zone Inputs 

15:00 C.M. WILKINSON, S.P. KELLEY, S.C. SHERLOCK, B.L.A. CHARLIER & 
C.J.N. WILSON 
Degassing a rhyolite: are the old Ar-Ar ages real, inherited or excess? 

15:15 P.S. SAVAGE, R.B. GEORG, H.M.WILLIAMS, K.W. BURTON & A.N. 
HALLIDAY 
The behaviour of silicon isotopes in igneous processes 

15:30 J.M. CRUMMY, I.P. SAVOV, D.J. MORGAN, M. WILSON, C. NAVARRO-
OCHOA & S. LOUGHLIN 
Evolution of Arc Magmas: Alkaline and Calc-alkaline Magmas of the Colima 
Volcanic Complex, Mexico 

15:45 Coffee and Posters 
16:30 S.J.COLLINS, J.P.DAVIDSON, D.J.MORGAN & E.W.LLEWELLIN 

Vesiculation and enclave formation at Chaos Crags 
16:45 J.A.J. SCOTT, D.M. PYLE & T.A. MATHER 

Geochemistry and evolution of the Santiaguito volcanic dome, Guatemala 
17:00 C. L MCLEOD, J. P. DAVIDSON, G. M. NOWELL, S. L. DE SILVA & A. L. 

SCHMITT 
Compositional and age (U-Pb) constraints on the nature of the Central Andean 
continental crust 

17:15 F.C. MEADE, V.R. TROLL, M. MASOTTA, C. FREDA & B. DAHREN 
Partial melting of TTG Gneisses: crustal contamination and the production of 
granitic melts 

 
Presenters for Eruptions & Emissions please stay behind after Sources & Reservoirs to upload 
your presentations. 
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                                                                 Session Breakdown 

Thursday 5th January 

Eruptions & Emissions, 9:00 – 12:00 (including Coffee and Posters, 10:45 – 11:30) 

9:00 C.S. WITHAM 
Keynote: The eruption jigsaw: piecing together the ideal model 

9:30 R. E. BURDEN, J. C. PHILLIPS & R. S. J SPARKS  
Fluctuations in the Dynamics of Plinian Eruptions – Timescales Inferred from the 
Field 

9:45 J. OWEN, H. TUFFEN & D.W.MCGARVIE 
What controls the explosivity of subglacial rhyolitic eruptions in Iceland? 

10:00 C.S.L. HAYER, G.WADGE, M. EDMONDS & T. CHRISTOPHER 
Space- and ground-based measurements of sulphur dioxide from Soufrière Hills 
Volcano, Montserrat 

10:15 B.T.MCCORMICK, M. EDMONDS, T.A.MATHER & S.A. CARN 
First synoptic analysis of volcanic degassing in Papua New Guinea 

10:30 P.M. AYRIS, P. DELMELLE, A.F. LEE, K.WILSON & D.B. DINGWELL 
Diffusion-driven scavenging: a key supervolcanic sulphur sink 

10:45 Coffee and Posters 
11:30 M. E. NOLAN, M. C. SOLANA, C. KILBURN & E. BUTCHER  

Forecasting the Evolution of Lava Flow Fields 
11:45 I.A. YEO, R.C. SEARLE & K.L. ACHENBACH 

Building Oceanic Crust at Slow-Spreading Ridges: Remote Operated Vehicle 
Observations of the Mid-Altantic Ridge 45°N 

 
Presenters for Research in Progress please stay behind in the coffee break during Eruptions & 
Emissions to upload your presentations. 

Research in Progress, 12:00 – 15:30 (including Lunch and AGM, 13:00 – 14:00) 

12:00 R.J. BROWN, S.MANYA, I. BUISMAN, G. FONTANA, M. FIELD, C.MAC 
NIOCAILL, R.S.J. SPARKS & F.M. STUART 
Keynote: Diamond Dénouement: Lessons Learned from Holocene Kimberlite 
Volcanoes 

12:30 S.WATT & P. TALLING 
Records of edifice collapse and landslide emplacement processes offshore 
Montserrat 

12:45 K. PREECE, R.GERTISSER, J. BARCLAY & R. HERD 
Petrological, textural and chemical characteristics of the 2006 and 2010 eruptive 
products of Merapi volcano, Indonesia 

13:00 Lunch and AGM  
14:00 S.R. DEMPSEY, C.G.MACPHERSON & R. HALL 

Crustal contamination and basement in Java, Indonesia 
14:15 M. PLAIL, J. BARCLAY, M.EDMONDS, R.HERD, M.C.S HUMPHREYS & 

T.CHRISTOPHER 
Mafic enclave diversity at Soufrière Hills Volcano, Montserrat 

14:30 D.N. BARFOD & D.F.MARK 
The application of 40Ar/39Ar to establishing chronology of Pleistocene and 
Holocene volcanism 
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                                                                 Session Breakdown 

14:45 H.M. JOHNSON, M. F. THIRLWALL & C. J.MANNING 
Insights from olivine geochemistry into the petrogenesis of Lesser Antilles lavas 

15:00 M.M. PARKS, D.M. PYLE, J. BIGGS, T.A. MATHER, K. PALAMARTCHOUK, 
P. NOMIKOU, K. RAPTAKIS & S. EBMEIR 
Renewed activity beneath Nea Kameni, Santorini volcano (Greece), identified from 
InSAR and GPS measurements 

15:15 S. C. LOUGHLIN, R. S. J. SPARKS, S. CROSWELLER, W. P. ASPINALL, T. 
HINCKS,M. NAYEMBIL, J. LOWNDES, B. ARORA, D. DIAZ DOCE & MANY 
OTHERS  
Global Volcano Model 

 
Presenters for Advances in Research on the British/Irish Palaeogene Volcanic Province please 
stay behind after Research in Progress to upload your presentations. 

 

VMSG Award and Talk, 16:00 – 17:00 

16:15 J. GAMBLE, C. MCKENNA, R. ELLAM, R.G. FITTON; P. LYLE, P. RENNE 
Merging the cycles of early Palaeogene intrusive and flood basalt magmatism in 
N.E. Ireland 

 

Friday 6th January 

Advances in Research on the British/Irish Palaeogene Volcanic Province, 9:00 – 10:30 

9:00 V.R. TROLL, G.R. NICOLL, C.H. EMELEUS, C.H. DONALDSON & R. 
ELLAM 
Keynote: The Tertiary Rum Volcanic Centre: origin, evolution and death of a large 
central volcano 

9:30 S. J.CLARK, D.J.BROWN, R.J. BROWN & J. GLUYAS 
Evaluating the Hydrocarbon Potential of Volcaniclastic-Dominated Sequences (the 
Staffa Formation, Mull, NW Scotland) 

9:45 K.A.WRIGHT, R.J. DAVIES, R.J. BROWN, J. MORRIS & R. FLETCHER 
A Record of North Atlantic Volcanism: Development of Lava-fed Deltas in the 
Faroe-Shetland Basin 

10:00 J.MACLENNAN, O. SHORTTLE, S.M. JONES, N.J. WHITE & H. POORE 
The geochemical record of mantle flow and plume pulsing under the North Atlantic 

10:15 C. STEVENSON, C. YEOMANS, L. AYRES, D. REA & M.MULLER 
New magnetotelluric results from the Mourne Granites: does it support ‘laccolithic 
as opposed to cauldron subsidence’? 

 
Presenters for Volcanoes and Society please stay behind after Advances in Research on the 
British/Irish Palaeogene Volcanic Province to upload your presentations. 

Volcanoes & Society, 11:15 – 13:15 
11:15 I.M.WATSON & THE SPICE PROJECT TEAM  

Keynote: The sky's the limit: volcanoes as analogues for climate engineering 
11:45 A. HICKS,  J. BARCLAY, P. SIMMONS , S. LOUGHLIN , D.MARK &W. 

ASPINALL 
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An interdisciplinary approach to volcanic risk reduction: a case study of Tristan da 
Cunha 

12:00 P.W.WEBLEY & J. DEHN 
Thermal infrared remote sensing alarm detection system for volcanic eruptions 

12:15 W.D. AUSTIN-GIDDINGS, D.R. TAPPIN, & W.J. MCGUIRE 
Tsunami deposits at Agaete, Gran Canaria: evidence for mega-tsunami generation 
from the lateral collapse of an ocean island volcano 

12:30 M.R. AUKER, R.S.J.SPARKS & L. SIEBERT 
Analysis of Historic Data on Fatalities from Volcanic Eruptions 

12:45 S.A.K.MICHNOWICZ & C.J. HORWELL  
A comparative assessment of the potential respiratory health hazard of quarried 
volcanic deposits and volcanic ash 

13:00 D.E. DAMBY, K. DONALDSON & C.J. HORWELL 
Respiratory health hazard of volcanic ash: a comparative study from mineralogy to 
toxicology 

 
Presenters for Magma in Motion please stay behind after Volcanoes & Society to upload your 
presentations. 

Magma in Motion, 14:15 – 16:15 

14:15 J.W. Neuberg 
Keynote: What seismology can achieve on a volcano - an overview 

14:45 S.BLAKE & L.S.GUNN 
Dynamics of basaltic plumbing systems: a theoretical model of eruptive output and 
timescales 

15:00 R. LATYPOV & S. CHISTYAKOVA 
An insight into operation of basaltic magma conduits from a single dyke apophysis 

15:15 L.J.APPLEGARTH, M.R. JAMES, H. PINKERTON & T. FRYER 
Quantifying degassing-driven crystal growth in basaltic lavas 

15:30 I. MCINTOSH, E. LLEWELLIN, M. HUMPHREYS, A. BURGISSER, I. 
SCHIPPER & C. HORWELL 
(Mis)understanding bubble growth in magma: Evidence from preserved volatile 
concentrations in glass 

15:45 S. MUELLER, E.W. LLEWELLIN & H.M. MADER 
The effect of particle shape on suspension rheology and implications for magmatic 
flows 

16:00 N. PETFORD, R. WILLIAMS & R. ENGLISH 
Rheometry of crystal bearing magmatic slurries: old problems and new insights 
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POSTER PRESENTATIONS 

All posters have been arranged alphabetically and assigned a number. Please note this number as it 
refers to your location in the poster hall.  

The poster session for Sources & Reservoirs and Eruptions & Emissions is to be held from 17:30 – 
19:00 on Wednesday 4th Jan. The poster session for Research in Progress, Advances in Research on 
the British/Irish Palaeogene Volcanic Province, Volcanoes & Society and Magma in Motion is to be 
held from 17:15 – 19:00 on Thursday 5th Jan.  

Please note which day you poster session is in order to stand by your poster during the 
appropriate evening reception. Your poster will stay up throughout the conference and can be taken 
down at the end of lunch on the final day of the conference. 

 
Wednesday 4th January 

Sources & Reservoirs 

P02 M.B. ALLEN, I. NEILL, M. KHEIRKHAH, J. VAN HUNEN, J. DAVIDSON, K. 
MELIKSETIAN & M.H. EMAMI 
Exploring the complex origins of orogenic plateau magmatism 

P05 A. BARKER, D. NILSSON, V. TROLL, T. HANSTEEN & A. KLÜGEL 
Magmatic evolution at Cape Verde; a comparison of mafic and felsic volcanic centres 

P06 J. BERGER, H. DIOT & K. LO 
Relationship between magma emplacement and differentiation in a Neoarchean mafic 
intrusion (West African Craton, Mauritania) 

P09 D.A. BUDD, V.R. TROLL, E.M. JOLIS, F.M. DEEGAN, V.C. SMITH, M.J. 
WHITEHOUSE, C. HARRIS, C. FREDA, D.R. HILTON & D S.A. HALLDORSSON 
How to make a big explosion: Probing the Toba super-eruption 

P10 D. S. BULLEN & M. FOWLER 
Geochemistry and Petrogenesis of Late Caledonian Plutons from Western Shetland 

P11 K.W. BURTON, C.W. DALE, C.L. VYE  & A. GANNOUN 
Tracing basaltic melt evolution using rhenium-osmium isotopes 

P14 J. CROSS, V. SMITH, E. TOMLINSON, G.GIORDANO, J. ROBERGE, A.A. 
BENEDETTI & M. MENZIES 
Diverse melt compositions erupted from Albano Maar, Italy: insights into magma 
processes 

P20 N. ENNIH & J. BERGER 
Exterme incompatible elements enrichment and fractionation during the differentiation 
of a Cenozoic undersaturated nephelinite-phonolite suite (Anti-Atlas, Morocco) 

P22 G. FITTON, R. WILLIAMS & EXPEDITION 330 SCIENTISTS  
Temporal variation in basalt composition in the Louisville seamount trail: some 
preliminary results from IODP Expedition 330 

P24 S.A. GIBSON, D. GEIST, J.A.DAY & C.W.DALE  
The transition from plume-driven upwelling to lateral mantle flow: Geochemical 
evidence from Isla Santiago, Galápagos 

P25 K. GOLUCHOWSKA, A. BARKER, J. MAJKA, M. MANECKI & J. CZERNY 
Geochemistry and Sr, Nd isotopes of late Neoproterozoic metavolcanites in SW 
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Svalbard 
P34 E. HUNT, B. O’DRISCOLL, C.H. DONALDSON & J.M.D. DAY 

Processes of sintering of Cr-spinel crystals within layered intrusions 
P38 O.A. KAMEL & E.A. NIAZY 

New Contribution to the Mineralogy and Petrogenesis of the Diamond-Bearing REE-
Gold-Silver Mineralization at Kasr El-Bassel Area, South El-Fayoum, Upper Egypt 

P45 R. LATYPOV & V. EGOROVA 
Plagioclase composition against formation of mafic sills by gravity-induced crystal 
settling 

P54 S. C. MCMAHON, K. BAILEY & M. J. WALTER 
Carbonate Globules in Calatrava Tuffs: Melts or Solids? 

P56 A.J. MILES, C.M. GRAHAM, M.G. GILLESPIE, C.J. HAWKESWORTH & R.W. 
HINTON 
Using Apatite and Zircon REE Patterns to Track Silicic Magma Evolution 

P57 D.J.MORGAN 
Reconstructing magmatic pulses of the 2010 Eyjafjallajökull eruption 

P61 D.A. NEAVE, J. MACLENNAN, E. PASSMORE, T. THORDARSON & G. FITTON 
Magmatic mushes and the record of deep crystallisation in the AD 1783 Laki eruption, 
Iceland 

P64 D. NILSSON, A. BARKER, V. TROLL, T. HANSTEEN & A. KLÜGEL 
Cape Verde xenoliths, a study of magma-crust interaction 

P67 N.J.POTTS & D.J.MORGAN 
Timescales of magma recharge during the build up to the Campanian Ignimbrite eruption 

P75 N.M.W ROBERTS, T.SLAGSTAD, R.R. PARRISH, M.J. NORRY, M. MARKER, 
M.S.A. HORSTWOOD & D. CONDON 
Sedimentary recycling in arc magmas; the Mesoproterozoic Suldal Arc, SW Norway 

P78 J.S. SHIPMAN, P.E. IZBEKOV & M.G. GAVRILENKO 
Petrologic Insights into Magma System Response to Edifice Collapse 

P79 C.C. STAMPER, J.D. BLUNDY , E. MELEKHOVA & R.J. ARCULUS 
Experimental determination of the hydrous basalt liquidus: The Grenadan perspective 

P80 N.A. STARKEY, J.G. FITTON, F.M. STUART & L.M. LARSEN  
Olivine-hosted melt inclusions in high-3He/4He lavas: linking helium isotopes directly 
to melt compositions 

P86 P.M.E. TOLLAN, J. HERMANN, J.P. DAVIDSON & R.J. ARCULUS 
Dry, oxidised sub-arc mantle? Evidence from the IR spectra of arc mantle olivines 

P90 R.L. WALTERS, S.M. JONES & J. MACLENNAN 
Renewed Melting at the Abandoned Húnafloí, Northern Iceland, caused by Plume 
Pulsing 

P91 R.L. WALTERS, M.R. PERFIT, W.I. RIDLEY & J. MACLENNAN 
Modelling major element variation at 9-10oN of the East Pacific Rise 

P93 S.M. WEATHERLEY & D R.F. KATZ 
Is channelized magmatic flow a consequence of mantle heterogeneity? 

P96 D.J. WILKINSON, J.G. FITTON & S.L. HARLEY 
Eclogite in the subducted slab and its control on the geochemistry of subduction-related 
magmatism 
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Eruptions & Emissions 

P04 L.J. APPLEGARTH, H. TUFFEN, M.R. JAMES, K. CASHMAN & H. PINKERTON 
Quantifying degassing-driven crystal growth in basaltic lavas 

P07 K. BERLO, D PYLE, T. MATHER, H. TUFFIN & J. CASTRO 
Metal concentrations in volcanic glass record magma degassing 

P08 M. BRANNEY, M. REICHOW, T. KNOTT, D. CUNNINGHAM, R. COE, D. FINN, 
M. MCCURRY & B. BONNICHSEN 

P16 J.K. CUNNINGHAM 
The source of the accretionary lapilli found on ‘Eua, Tonga, the processes by which they 
were transported to a pelagic resting place and the local, regional and wider implications 
of their occurrence 

P18 K.J. DOBSON, D.J. BROWN & S.M. DRAKE 
Quantifying the internal structures in ignimbrites: new insights from X-ray micro 
computed tomography 

P23 A.E.S FORBES, S. BLAKE, H. TUFFEN & D. MCGARVIE 
Pseudopillow fracture systems: Insights into cooling mechanisms and environments from 
lava flow fractures 

P26 L.S. GUNN, S. BLAKE, C. JONES & H. RYMER  
The Duration of Icelandic Volcanic Eruptions 

P29 A. HICKS, J. BARCLAY, D. MARK & S. LOUGHLIN 
Tristan da Cunha: informing future eruption scenarios using high-precision Ar/Ar dating 

P30 K. HICKS, C. OPPENHEIMER & N. VARLEY  
Monitoring of Volcán de Colima, México, Using Ultraviolet Cameras 

P42 P. KOKELAAR 
When the levee breaks: new views on well known bands 

P46 D. MACFARLANE , G. WADGE, H. ODBERT, A. STINTON, D. ROBERTSON, M. 
JAMES & H. PINKERTON 
Lava dome growth measured by ground-based radar at Soufrière Hills Volcano, 
Montserrat  

P47 C.G. MACPHERSON, J.T CAULFIED, C.W DALE, P.G. BURNARD & A.J BOYCE 
Volatile diffusion and fractionation during contamination and degassing of Tonga Arc 
basaltic glasses  

P50 C. MARTEL 
Deciphering between highly-explosive surges and block-and-ash flows from 
decompression experiments: example of Mt Pelée (Martinique, F.W.I) 

P52 N.E. MATTHEWS, A. COSTA, V.C. SMITH, D.M. PYLE & A.J. DURANT  
Ultra-distal tephra deposits from supereruptions: examples from Toba, Indonesia and 
Taupo Volcanic Zone, New Zealand  

P53 E.M. MCGOWAN & M.J. BRANNEY 
So, how do ash aggregates form during tuff ring eruptions?... 

P63 E.J. NICHOLSON, T.A. MATHER, D.M. PYLE, H.M. ODBERT & T. 
CHRISTOPHER 
Timeseries Analysis of Gas Fluxes from Soufrière Hills Volcano 

P68 G.S. PRATA, R. CAS & P. HAYMAN 
Cyclical behaviour in fluctuating phreatomagmatic and magmatic eruptive styles in the 
35 ka Tower Hill Volcanic Complex, southeast Australia 

P71 H.J.RAWCLIFFE, D.M.HODGSON, R.L.BRUNT & A.WEISLOGEL 
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Late-Permian Volcanism of Southern Gondwana as recorded by tuffs of the Tierberg 
Formation, South Africa 

P73 M. REICHOW, D. FINN, T. KNOTT, R. COE, M. MCCURRY, B. BONNICHSEN, D. 
CUNNINGHAM & M. BRANNEY 
Using palaeomagnetism to distinguish and correlate pyroclastic eruption-units: a case-
study from the Yellowstone hot-spot track 

P77 A.D. SAUNDERS, M.J. LENG & C.H. VANE 
Effects of sill emplacement on organic rich mudstones from the Isle of Skye, Scotland 

P81 J.A. STEVENSON, S.C. LOUGHLIN, C. RAE, A. MACLEOD & T. THORDARSON 
Deposition in the UK of Tephra from Recent Icelandic Eruptions 

P88 C.L. VYE, K.B. SMITH, B. NAPIER, S. MEDYNSKI, T.W. WRIGHT 
Spatial distribution of volcanic vents and their products in the Manda-Hararo rift 
segment, Afar, Ethiopia  
 

P92 T. J. WATTON, D.A. JERRAM,  T. THORDARSON & R.J. BROWN 
The Geology and Evolution of the Hjörleifshöfði Outlier: A 3D Exposure of a Surtseyan 
Volcano? 

P95 M. WIDDOWSON, D. MURPHY, N. CLARK, B. GRAY & P. MARSHALL 
Petrogenesis, chemostratigraphy, and evolution of the Kalkarindji CFBP, Waterloo, NT, 
Australia 

P97 D. C. WOODCOCK, S.J. LANE & J.S. GILBERT 
Particle-water heat transfer during subglacial explosive eruptions 

 

Thursday 5th January 

Research in Progress 

P03 P. ANDERSON, J. INMAN, D. CONDON, Q. CROWLEY, C. HURLEY, I. 
MEIGHAN, R. ELLAM, J. REAVY, C. STEVENSON & M.COOPER 
Implications of new structural and geochemical data on the emplacement mechanism of 
the Late Caledonian Newry Igneous Complex, Northern Ireland 

P13 E.L. CRAMER, S.C. SHERLOCK, S. BLAKE, T.L. BARRY, A.M. HALTON, D.W. 
JOLLEY & S.P. KELLEY 
Understanding 40Ar/39Ar age variations in basaltic lava flows 

P17 P.J. DEMONTE, J.W. NEUBERG & P.J. SMITH 
Determining the depth of seismic events at Soufrière Hills Volcano, Montserrat 

P19 S.K. EBMEIER, J.BIGGS, T.A.MATHER, J.R. ELLIOTT, G.WADGE & F. 
AMELUNG 
Measuring large topographic change with InSAR: Santiaguito Volcano, Guatemala 

P21 P. FAWDON, C.L. VYE, M.R. BALME, K.M.C. SMITH & D.A. ROTHERY 
Characterisation of volcano evolution on Earth and Mars 

P31 H.S.R. HUGHES, K.M.GOODENOUGH, A.WALTERS & A.G. GUNN 
The importance of magmatic processes in concentrating the critical metals: a Scottish 
case study 

P33 M.C.S. HUMPHREYS, M. EDMONDS, J. BARCLAY, M. PLAIL, D. PARKES & T. 
CHRISTOPHER 
Supply of mafic components to a hybrid andesite 
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P35 J. INMAN, P. ANDERSON, M. COOPER, D. CONDON, Q. CROWLEY, I. 
MEIGHAN & C. STEVENSON 
New insights into the emplacement of the Intermediate-ultramafic Seeconnell Complex 
within the Newry Igneous Complex, Northern Ireland 

P36 M.R. JAMES, S. ROBSON & N.VARLEY 
Straightforward reconstruction of 3d surfaces or DEMs from photos 

P43 S.M. LACHOWYCZ, D.M. PYLE & T.A. MATHER 
Holocene tephrostratigraphy of ‘Chiloé Continental’, southern Chile 

P44 L.M. LARSEN & A.K. PEDERSEN 
New radiometric dating of lavas and intrusions in NE Greenland: Eocene to Miocene 
igneous activity on the continental margin 

P48 B.M. MANTON, J.A. CARTWRIGHT & A.C. KERR 
Understanding sill propagation through venting and feeding relationships, using 3D 
seismic data from the Norwegian Sea 

P49 P.E. MARSHALL, D.J. MORGAN, J.M.D.DAY & J. HILL 
Crystal size distributions in altered lavas of Piton de la Fournaise volcano – implications 
for the origin of olivine 

P51 A.A. MASOUD, F.M. STUART & D.F MARK 
The origin and age of the Garian volcanic province, Libya 

P58 H. MORTON & A.H. DIJKSTRA 
High-Mg augite in Macquarie Island gabbros: a melt-rock reaction origin 

P65 A.L. PARKER, J. BIGGS & T. WRIGHT 
Volcano Monitoring using InSAR: Cascade Volcanoes 

P72 H.J. RAWCLIFFE & D.J. BROWN 
Lithofacies architecture of vent proximal pyroclastic deposits and ’a’a lavas from a 
fissure eruption: Port a’ Chroinn, Kerrera, NW Scotland 

P74 P. REYNOLDS, R.J. BROWN, E.W. LLEWELLIN, T. THORDASON & K. 
FIELDING 
Dissected Basaltic Vents in the 6 Ma Ice Harbour Lava Flows, Columbia River, U.S 

P76 C. SATOW, E. TOMLINSON, P. ALBERT, K. GRANT, M. BAR MATTHEWS, S. 
WULF, L. OTTOLINI, E. ROHLING, M. MENZIES, S. BLOCKLEY, V. SMITH, C. 
MANNING & J. LOWE 
New Tephra Geochemistry and a Volcanic Chronology for the Eastern Mediterranean 
Sea 

P82 M.J. STOCK, R.N. TAYLOR & T.M. GERNON 
Major Plinian eruptions on Tenerife: An insight into driving mechanisms from cumulate 
nodules 

P87 J. TRUBY, R. KATZ & D. PYLE 
Degassing of silicic magma chambers: laboratory analogue experiments 

P89 R.J. WALL, C.R.J. KILBURN, P.G. MEREDITH, A. BRACATO, S. ALPARONE & 
A. URSINO 
Seismic Precursors to Eruptions at Volcanoes in Extensional Stress Fields 

P94 E.B.WEBB, D.M.PYLE, T.A.MATHER & N.R.VARLEY 
Characterisation of persistent explosive activity of Volcán de Colima, by thermal 
analysis 
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Advances in Research on the British/Irish Palaeogene Volcanic Province 

P37 D.A. JERRAM, C.E. NELSON & R.W. HOBBS 
Understanding the volcanic stratigraphy and facies architecture within flood basalts, 
volcanic margins and associated basins 

P62 P. NICHOLLS, D.J. BROWN & R.C. DYMOCK  
Lithostratigraphy and structure of the Loch Ba Caldera, Isle of Mull, NW Scotland 

P83 T. STONE, C. MAGEE, B. O’DRISCOLL, M. PETRONIS & C. T. STEVENSON 
The emplacement of cone sheet intrusions of Ardnamurchan, Scotland: Insights from 
high-resolution anisotropy of magnetic susceptibility 

 

Volcanoes & Society 

P15 S. CROSWELLER, J. BARCLAY, P.SIMMONS, I. LORENZONI & R.ROBERTSON 
The importance of understanding local social and cultural contexts in reducing risky 
beliefs and encouraging risk-reducing behaviours 

P40 S. P. KELLEY, A. G. TINDLE, D.MORGAN & P. C. WHALLEY 
The Virtual Microscope – a tool for Education and Research and Outreach? 

P69 G.S. PRATA & A.J. PRATA 
Transport of fine ash in the southern hemisphere 

P70 J.J. RATNER 
Assessing volcanic risks in Ecuador: Taking a multi-disciplinary approach to Cotopaxi 
and Guagua Pichincha 

P84 J. STONE, J. BARCLAY & P. SIMMONS 
Investigating the Social Response to Evacuations and Crisis Management as a Result of 
Volcanic Activity, Montserrat, West Indies 

 

Magma in Motion 

P01 M.W. AIREY, S. TYSON, S.J. LANE, J.S. GILBERT & L.WILSON 
Magma-cryosphere interactions on Mars 

P12 A BURTON-JOHNSON & C.G.MACPHERSON 
Mt Kinabalu, Borneo: Structure and multi-phase emplacement of a post-collisional I-
Type Granite 

P27 J.B. HANSON, Y. LAVALLÉE, F. GOLDSTEIN, K. UWE HESS, U. KUEPPERS & 
D.B. DINGWELL 
Magma Rheology at Tungurahua 

P28 J.M. HICKEY & J. GOTTSMANN 
Ground Deformation At Uturuncu Volcano, Bolivia: Insights From Finite Element 
Analysis 

P32 S. HUGHES, H. RYMER, & S. BLAKE 
A Bouguer Gravity Survey Across the Spreading Rift in Iceland’s Northern Volcanic 
Zone 

P39 S. KARL & J. NEUBERG 
The sound of volcanoes: what can we learn from moment tensor inversions of low-
frequency seismic events? 

P41 C.R.J. KILBURN 
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Reliable short-term forecasts of volcanic eruptions 
P55 I.G.MEIGHAN 

Larvikites of the Permian Oslo Province: A Fresh Appraisal 
P59 L.M.MURDOCH, D. J. BROWN & F.C.MEADE 

How do you emplace a ring-dyke? 
P60 O. NAMUR, M.C.S. HUMPHREYS; M.B. HOLNESS  

Origin of colloform banding in the Skaergaard Marginal Border Series 
P66 K. PASCAL, J. NEUBERG & E. RIVALTA 

Checking the validity of superimposing analytical deformation models and implications 
for numerical modelling of dykes and magma chambers 

P85 M.E. THOMAS & J. NEUBERG  
What makes a volcano tick? 
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Beyond Hotspots: the importance of 
rift history for volcanic margin 

formation 
J.J. ARMITAGE*1 

1Dynamique de Fluids Geologiqués, Institute de 
Physique du Globe de Paris, 1 rue Jussieu, 75328, 
Paris Cedex 5, France (*armitage@ipgp.fr) 

 
Largely on the basis of detailed observations from 

the North Atlantic Ocean, mantle temperature has been 
identified as the primary factor controlling magmatic 
production during rifting, with observed variations in 
volcanic activity at rifted margins explained in terms of 
the mantle temperature at the time of break-up. 

However, as more detailed observations have been 
made at other rifted margins worldwide, the validity of 
this interpretation and the importance of other factors 
in controlling the style of break-up have been much 
debated. One such observation is from the northwest 
Indian Ocean, where, despite an unequivocal link 
between an onshore flood basalt province, continental 
break-up and a hot-spot track leading to an active 
ocean island volcano, the associated continental 
margins show little magmatism. 

Not all rift succeeds in break-up and sea-floor 
spreading and it is this rift history that is key. I will 
show that the volume of rift-related magmatism 
generated, both in the northwest Indian Ocean and at 
the better-known North Atlantic margins, depends not 
only on the mantle temperature but, to a similar degree, 
on rift history. The inherited extensional history causes 
break-up to go with a bang or a whimper. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Compositional trends of Icelandic 
basalts: Implications for short-

lengthscale lithological heterogeneity 
in mantle plumes 

O. SHORTTLE*1 & J. MACLENNAN1 
1Dept. Earth Sciences, University of Cambridge, 

Downing Street, Cambridge, UK. CB2 3EQ 
(*os258@cam.ac.uk) 

 
Lithological variations in the mantle source regions 

under mid-ocean ridges and ocean islands have been 
proposed to play a key role in controlling melt 
generation and basalt composition.  Here we combine 
compositional observations from Icelandic basalts and 
modelling of melting of a bi-lithologic peridotite-
pyroxenite mantle to demonstrate that, while short-
lengthscale major element variation is present in the 
mantle under Iceland, source heterogeneity does not 
make an important contribution to excess melt 
production.   
 By identifying the major element characteristics of 
endmember Icelandic melts, we find enriched melts to 
be characterised by low SiO2 and CaO, but high FeO.  
We quantitatively compare endmember compositions 
to experimental partial melts generated from a range of 
lithologies, pressures and melt fractions.  This 
comparison indicates that a single source composition 
cannot account for all the major element variation; 
depleted Icelandic melts can be produced by depleted 
peridotite melting, but the major element composition 
of enriched melts is best matched by melting of mantle 
sources that have been refertilised by the addition of up 
to 40% mid-ocean ridge basalt.  The enriched source 
beneath Iceland is more fusible than the source of 
depleted melts, and as such will be over--represented in 
accumulated melts compared with its abundance in the 
source.  
 Modelling of peridotite-pyroxenite melting, 
combined with our observational constraints on the 
composition of the Icelandic mantle, indicates that 
crustal thickness variations in the North Atlantic must 
be primarily due to mantle temperature and flow field 
variations.  
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Assessing the Utility of Thallium and 
Thallium Isotopes for Tracing 

Subduction Zone Inputs 
J. PRYTULAK*1,2, S.G. NIELSEN1,3, T. PLANK4, M. 

BARKER1 & T. ELLIOTT5 
1Dept. Earth Sciences, Univ. of  Oxford, OX1 3AN 
2Dept. Earth Sci & Eng, Imperial College, London, 

SW7 2AZ (*j.prytulak@imperial.ac.uk) 
3Dept. Of Geology and Geophysics, Woods Hole 

Oceanographic Institute, USA 
4LDEO, Columbia University, USA 
5Dept. Earth Sciences, Univ. of Bristol, BS8 1RJ 
 

Subduction zones are a critical interface for the 
incorporation of surface materials into arc lavas and the 
deeper mantle. The presence of sediment, altered 
oceanic crust (AOC) and fluid derived from both in the 
source of arc lavas provides constraints on elemental 
fluxes from slab to arc and deeper mantle.  Traditional 
studies using long-lived isotopes can yield somewhat 
ambiguous results; for example a small contribution of 
sediment is difficult to distinguish from larger amounts 
of altered mafic crust in the 87Sr/86Sr of a Sr-rich fluid. 
Stable isotopes may provide a clearer picture. 

Thallium (Tl) is a volatile, highly incompatible 
trace metal that is concentrated in the continental crust, 
metaliferous sediments, and low temperature AOC. 
Thallium has two stable isotopes (203Tl ~ 29.5%; 205Tl 
~ 70.5%) and variations are reported as ε205Tl. 
Thallium presents some key advantages compared to 
previously employed isotope systems i) a large 
concentration contrast between mantle-derived melts, 
sediment and AOC [e.g., 1] ii) an invariant mantle 
isotope composition (ε205Tl ~ -2 [1]) and iii) a large 
isotopic contrast between pelagic sediments (ε205Tl ~ 
+10 [e.g., 2]) and low temperature AOC (ε205Tl ~ 15 
[1]). Therefore, in principle, ε205Tl is well-suited to 
distinguish between contributions of sediment and 
AOC to arc lavas.  

Here we present a case study of the Mariana arc, 
whose lavas display evidence of both fluid and 
sediment contributions (e.g, [3]). We discuss the 
unexpectedly limited range of ε205Tl in lavas (-1.8 to 
+1.2) in the context of new ε205Tl data for sediment 
and AOC inputs directly outboard of the Mariana 
trench. 
 
[1] Nielsen et al., 2006. EPSL, 251, 120-133 
[2] Rehkamper et al., 2004. EPSL, 219, 77-91 
[3] Elliott et al. 1997. JGR, 102, 14991-15019 
 
 
 
 
 
 
 
 
 
 
 
 

Degassing a rhyolite: are the old 
Ar-Ar ages real, inherited or excess? 

 
C.M. WILKINSON*1, S.P. KELLEY1, S.C. 

SHERLOCK1, B.L.A. CHARLIER1 & C.J.N. WILSON2 

 
1Department of Environment, Earth & Ecosystems, 

The Open University, Milton Keynes, MK7 6AA, 
UK (*c.m.wilkinson@open.ac.uk) 

2School of Geography, Geology and Environmental 
Science, University of Auckland, New Zealand 
 
The aim of this project is to test the resolution of 

Ar-Ar dating and understand some of the minor 
anomalies that can affect the fidelity of resulting 
eruption ages. Few reliable age data exist for post-
caldera rhyolitic lavas and domes of the Snake River 
Plain, USA. The Sheridan Reservoir dome (SRD) has 
previously been dated by U-Pb geochronology and the 
published age (~2.07 Ma [1]) overlaps with the 
generally accepted age of the Huckleberry Ridge Tuff 
(HRT) (~2.05 Ma [2]). New 40Ar/39Ar age data has 
uncovered possible contamination and higher than 
expected Ar-Ar apparent ages in feldspar crystals. The 
SRD post-dates the HRT (C. Wilson, 2011 pers. 
comm.), but new Ar-Ar ages are older than both the 
existing U-Pb age for the dome and the generally 
accepted Ar-Ar age of the HRT. 

Artificially elevated ages may either reflect, 1. 
argon accumulation in pheno- or xenocrysts (by 
radioactive decay of parent 40K), 2. excess argon 
(40ArE) incorporated into a mineral during 
crystallisation (via diffusion into the mineral lattice or 
hosted within inclusions) or 3. inherited radiogenic 
argon (sourced from a component older than the age of 
eruption) [3]. 

To further our understanding of possible 40ArE 
contamination of the SRD phenocrysts, we carried out 
40Ar/39Ar single-grain fusion dating of feldspar and 
volcanic glass. Here we present new age data, where 
initial results show feldspar ages to be variable and too 
old, whereas 40Ar/39Ar ages obtained from volcanic 
glass are less affected.  The model we develop for this 
involved preferential degassing and retention in the 
different phases. Careful petrography observations can 
alleviate this issue and offers insight into the evolution 
of the magma chamber and eruption phases. 

 
[1] Bindeman et al., (2007) Geology, 35, 1019-1022.  
[2] Christiansen, R. (2001) USGS Special Publication.  
[3] Kelley, S. (2002) Chemical Geology, 188, 1-22. 
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Interest in the application of silicon (Si) isotopes to 

high-temperature systems has increased significantly 
over the last five years. This has been encouraged by 
both improvements in analytical techniques [1] and 
significant results regarding the non-chondritic Si 
isotopic composition of Bulk Silicate Earth (BSE) [2].  

Here we present the results of a study into the effect 
that igneous processes have on Si isotopes. A 
representative set of over 100 samples have been 
analysed, using a HF-free alkali fusion technique and 
high-resolution MC-ICP-MS [1]. These results allow 
us to investigate how important geological processes, 
specifically: (i) mantle melting; (ii) magmatic 
differentiation, and; (iii) crustal anatexis and the 
formation of granitoid rocks, can affect Si isotopes. 

Ultramafic and mafic lithologies define a very 
limited range of Si isotopic compositions. This 
indicates that insignificant fractionation takes place 
during mantle melting, and BSE can be regarded as 
homogeneous with a δ30Si of -0.29 ± 0.08 ‰ [3]. In 
contrast, resolvable isotopic fractionation occurs as a 
result of magmatic differentiation, with Si isotopes 
displaying a strong positive correlation with SiO2. This 
relationship appears to be a fundamental property of 
the isotope system, such that the δ30Si of a purely 
igneous sample can be predicted [4].  

This relationship should be perturbed by melting or 
assimilation of pelitic sediments. These are, typically, 
isotopically light [e.g. 5], so should impart a lighter 
δ30Si than predicted from differentiation alone. 
Analyses of S-type granites generally support this 
hypothesis, but, because of significant overlap with 
data from ”igneous” granites, it appears that Si isotopes 
do not differentiate between such samples as 
conclusively as other isotope systems (e.g. δ18O).  

Ultimately, this study provides a robust framework 
within which subsequent Si isotopic data can be 
interpreted. 

 
[1] Georg et al. (2006) Chem. Geol. 235 (1-2), 95-104.  
[2] Georg et al. (2007) Nature 447, 1102-1106. 
[3] Savage et al., (2010) Earth Planet. Sci. Lett. 295, 139-146.  
[4] Savage et al. (2011) Geochim. Cosmochim. Acta 75, 6124-6139. 
[5] Ziegler et al. (2005) Geology, 33 (10), 817-820. 
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Alkaline magmas were erupted as cinder cones and 
lava flows in the Colima graben contemporaneously 
with the formation of the  calc-alkaline Nevado de 
Colima stratovolcano between 450,000 and 60,000 
years ago[1].  These alkaline cinder cone magmas are 
all potassic basanites to minettes (47.6 – 49.5 wt.% 
SiO2, 9.8 – 15.2 wt.% MgO & 2.5 – 4.3 wt.% K2O)[2]. 
In contrast, Volcán de Colima pyroclastic fall deposits 
range in composition from calc-alkaline basalts to 
high-Silica andesites (48.3 – 60.3 wt.% SiO2, 1.5 – 
11.5 wt.% MgO & 0.65 – 2.4 wt.% K2O). 

The co-variation of alkalis and SiO2 across a suite 
of pre-historic pyroclastic units reveal three scoria fall 
deposits that lie on a possible mixing trend between the 
alkaline and calc-alkaline magmas.  Although much 
younger (7,000, 12,000 and 13,000 yrs B.P.) than the 
alkaline cinder cones, these eruptions have trace 
element signatures that show significant similarity to 
the alkaline cinder cone magmas.   

We present here the result of our investigation into 
the relationship between calc-alkaline and alkaline 
magmas in arc settings applicable to the Western 
Mexican Volcanic Belt.  Drawing on petrological and 
geochemical evidence, we present a model of the 
plumbing system feeding magmatism in the Colima 
graben that, integrrated with geophysical constraints, 
can explain the complexity of erupted magmas at the 
Colima Volcanic Complex. 
 
[1] Carmichael et al. 2006, Bull. Volc. V. 68, p. 407-419. 
[2] Luhr & Carmichael, 1981, Contrib. Mineral. Petrol. V.76 , p.127-
147. 
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Observations from Chaos Crags, Lassen Peak 

national park indicate that enclave formation is an 
important stage in the magma mingling process. There 
is general agreement that enclave formation is related 
to vesiculation and the generation of density 
instabilities as a more mafic magma comes into contact 
with a cooler, more differentiated magma in a magma 
reservoir. In addition the evidence for exchange of 
crystals during mingling in these systems is 
overwhelming. At Chaos Crags, mafic enclaves in a 
dacite host contain crystals of biotite and sodic 
plagioclase which clearly originated in the dacite. In 
addition microlites which originated in both the host 
and the inclusion and which crystallized in response to 
quenching and volatile exsolution have been 
exchanged between the magmas prior to ascent and 
eruption. Less clear is how the crystals are transferred 
before and/or during the enclave formation process and 
how this relates to the vesiculation process.  

We have quantified major element, trace element 
and H2O contents of the magmas involved during 
magma mingling using EMP and SIMS analysis of 
olivine, feldspar, amphibole and quartz hosted melt 
inclusions and matrix glass in both the host lava and 
enclave. H2O contents range up to 5.06 wt% with the 
highest H2O contents being found in quartz hosted melt 
inclusions with ~74wt% SiO2. Only olivine hosted melt 
inclusions have more primitive melts at 66wt% SiO2 
but these contain significantly less H2O. Quenched 
matrix glass from the enclave shows higher and more 
variable H2O contents than quenched matrix glass in 
the dacite host.  

By combining textural information of the crystals 
with compositional data we have been able to 
determine the relative timing of vesiculation and 
crystal transfer at Chaos Crags.  
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The silicic dome complex of Santiaguito, 

Guatemala, has been erupting continuously since 1922. 
Over this time, the SiO2 content of Santiaguito lava has 
decreased from ~66 to ~62 wt%. The earliest erupted 
Santiaguito lavas are chemically and mineralogically 
identical to the dacitic pumice erupted by the parent 
stratocone, Santa Maria, in 1902. Geochemical 
modelling suggests that this highly evolved magma 
was derived by 50 to 60% fractional crystallization of 
the basaltic andesite which forms much of the Santa 
Maria cone. The geochemistry of plagioclase 
phenocrysts suggests that magma mixing may not be 
responsible for the decrease in silica content of 
Santiaguito lava. However, the change in SiO2 may be 
explained by a 5 to 15% decrease in the extent of 
fractional crystallization.  

Magma in the Santa Maria / Santiaguito system 
fractionates during slow ascent through a lower crust 
fractionation zone [1]; this zone is by nature stratified, 
and was, by 1902, following ~35 ka of quiescence [2], 
capped by a highly evolved dacite [3]. Changes in the 
mineralogy of extruded lava suggests that all this 
highly evolved dacite was erupted during the 1902 
event and the early dome-forming cycles (1922 to the 
1940s). As extrusion continued at Santiaguito, magma 
ascending from the fractionation zone became 
progressively less evolved. Since Santiaguito magma 
ascends directly from a large, deep fractionation zone, 
we suggest that exhaustion of the magma supply is 
unlikely, although the decrease in silica may continue.  
 
[1] Scott et al, in review, J.Volc.Geo.Res. 
[2] Escobar-Wolf et al, 2010, Geol.Soc.Am.Bull., 122, 757-771. 
[3] Rose, 1987, J.Volc.Geo.Res., 33, 109-129. 
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  Understanding partial melting of ancient gneiss 
terranes is crucial when considering crustal 
contamination in volcanic systems, as these rocks are 
unlikely to melt completely at magmatic temperatures 
(1000-1200 °C) and crustal pressures (<500 MPa). 
Variations in the bulk composition of the gneiss, 
magma temperature, pressure and the composition and 
abundance of any fluids present will produce a variety 
of melt compositions, from partial melts enriched in 
incompatible elements to more complete melts, nearing 
the bulk chemistry of the parent gneiss.  

The composition of the continental crust is a crucial 
influence on the petrogenesis of mantle-derived 
magmas at continental arcs. Investigating the evolution 
of continental arc magmas is, however, hampered by 
our limited knowledge of, and poor constraints on, the 
nature of the underlying crustal basement. 

We report results from a whole rock geochemical 
and in-situ geochronological study of a suite of crustal 
xenoliths from the Bolvian Altiplano, Central Andes. 
Sampled xenoliths are hosted in Plio-Pleistocene 
trachyandesitic/dacitic lavas which erupted from 
monogenetic volcanic centres during an episode of 
recent mafic volcanic activity in the Andean back-arc 
region. Samples are diverse with both igneous and 
metamorphic lithologies including diorite, 
microgranite, quartzite, gneiss, granulite, quartzite and 
garnet-mica schist. 

We have used piston cylinder experiments to 
simulate partial melting in a suite of 12 gneisses from 
NW Scotland and Eastern Greenland at magma 
chamber temperatures and pressures (P= 200 MPa, 
T=975 °C). These gneisses form the basement to much 
of the North Atlantic Igneous Province, where crustal 
contamination was commonplace but the composition 
of the crustal partial melts are poorly constrained.  The isotopic heterogeneity exhibited by the 

xenolith suite is extreme with 87Sr/86Sr values 
extending to 0.7368 which is significantly more 
radiogenic than any Sr-isotopic signature exhibited by 
the recent volcanic record. Pb isotopic signatures 
(particularly 206Pb/204Pb) reflect the crustal domains 
previously constrained from scattered exposures of 
crustal basement rocks and sampled volcanic and ore 
rocks throughout the Central Andes. P-T estimates 
from THERMOCALC modelling indicate their 
derivation from the upper Andean crust at ~23 km 
since the continental crust here is >70km thick. This 
agrees with geochemical signatures from several of the 
xenoliths, which are charcareristic of the upper crust 
e.g. Eu/Eu*<1. 

The experiments produced partial melts in all 12 
samples (Fig. 1). Electron microprobe analyses of the 
glasses indicate they are compositionally 
heterogeneous and are significantly different from the 
whole rock chemistry of the parent gneisses. The melts 
are typically trachy-dacitic to rhyolitic in composition. 

This integrated petrological, experimental and in-
situ geochemical approach allows quantification of the 
processes of partial melting of TTG gneiss in a 
volcanic context, providing accurate geochemical end-
members for modeling crustal contamination.  
 

 

Fig. 1: EDS scan of 
SiO2. Partially melted 
quartz and feldspar 
are surrounded by 
melt channels, which 
are more silica rich 
near the quartz. Mafic 
minerals (e.g. biotite) 
have completely 
melted. 

In-situ U-Pb dating of cores and rims from zircon 
separates from two of the sampled xenoliths reveal 
predominant age peaks during the Palaeoproterozoic 
(1.7-1.9 Ga; population 1), Late Mesoproteroizc (1.0-
1.2 Ga; population 2) and the Early Phanerozoic (495-
380 Ma; population 3). Populations 2 and 3 are well 
documented throughout the Andes and correspond to 
periods of supercontinent formation. Population 1 is, 
however, poorly represented in the zircon record of the 
Andes but may record geological events inherent to the 
construction of the Archean-Palaeoproteroizc 
Amazonian craton. 
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In a perfect world we would have a perfect 
computer model that would include all of the physics 
and dynamics of a volcanic eruption, from the magma 
chamber to the vent and into atmosphere. Traditionally 
these different aspects of an eruption have been 
considered and modelled separately, but as we improve 
our understanding it is increasingly clear that they must 
not be considered in isolation.   

To understand and model the whole eruption 
sequence from intrusion to emissions and transport, we 
must appreciate not only how each of these aspects 
works, but how they fit together and influence each 
other.   

  In this talk we will look at some of the recent 
developments in understanding of both ash and gas 
emissions, and consider the limitations of our current 
understanding for modelling. We will take the 
approach of looking from an emergency response 
perspective, where there are demands on information 
providers from civil protection, governments and 
aviation bodies to deliver answers and advice in near 
real-time. Using the recent Icelandic eruptions as a 
primary case study, we will consider: 

(a) what information is needed to effectively model 
the eruption column; 

(b) what data would be required to model the 
deposition and transport of ash in the eruption plume 
and what proxies might exist for determining some of 
the key parameters; 

(c) how full atmospheric plume chemistry could be 
modelled and what inputs and measurements would be 
needed in near real-time to enable this to have a 
practical application.  

We will see that many of the inputs required are not 
currently available and that there are significant 
challenges associated with obtaining them. 

However, we will also see that the complexity of 
the representation of a particular part of the eruption 
jigsaw depends to some extent on the answers we 
require. We may not have to consider things at their 
full complexity and mathematics in all cases. The 
challenge for modellers is to identify which parts of the 
system can be represented by parameterisations (i.e. 
large jigsaw pieces) and which parts need to be fully 
resolved (i.e. many small complex jigsaw pieces).  We 
will see that an “idealised” model may be achievable, 
but that it will require input and real-time information 
from all strands of volcanology. 
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Plinian eruptions are intense, sustained, open vent 

volcanic activity that form well-sorted pumice fall 
deposits.  The deposits from these eruptions often 
appear homogeneous in grain size throughout their 
thickness, leading to the assumption that the dynamics 
of the eruption is steady state. Models used to recreate 
the dynamics of palaeo eruptions are normally based 
on this steady state assumption. However, many 
Plinian deposits show graded bedding and small-scale 
internal bedding defined by variations in grain size.  
This suggests that there are variations and fluctuations 
in the dynamics during these eruptions. 

The range of scales over which these variations 
occur indicates that a variety of processes can be 
responsible for these changes.  On large scales inverse 
grading is seen across the thickness of a deposit and is 
attributed to an increase in the plume height. Processes 
that cause these variations on smaller scales may be 
changes in source conditions, changes in the properties 
of the eruption column or eddies within the umbrella 
cloud.  However, the way these processes are recorded 
in field deposits is less well understood. 

This research focuses on small-scale fluctuations, 
as seen in the fall deposit of the Fogo A Plinian fall 
deposit of Sao Miguel, Azores.  5 cm thick, fine 
grained layers are seen within thicker, 1.2 m, and 
coarser homogeneous layers of the fall deposits.  To 
determine the processes that cause these layers the 
timescales over which they were formed must be 
known.  Here we have used a Lagrangian approach to 
model the minimum time required for the largest clast 
in each layer of an outcrop to have travelled there from 
the vent, via transport in the eruption column and 
umbrella cloud.  Following the method of Koyaguchi 
[1], the ratio of the grain size distributions from two 
outcrops at different distances from the vent has been 
used to determine the volumetric flow rate of the 
umbrella cloud and the plume height for each layer.  
These constraints on the physical characteristics of the 
eruption can then be used to determine the minimum 
time required for each layer to form.  

This presentation will include the detailed 
reconstructions of the dynamics of this palaeo eruption, 
and inferences about volcanic processes that can be 
directly constrained from this type of field and 
modelling interpretation.   

 
[1] T. Koyaguchi. Grain-size variation of tephra derived from 
volcanic umbrella clouds. Bulletin of volcanology, 56(1):1–9, 1994 
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Eruptions from subglacial and ice-capped 

volcanoes can produce jökulhlaups (glacial floods) and 
large amounts of volcanic ash. Ash from such 
eruptions is damaging to both natural and socio-
economic environments, as demonstrated by the 
explosive 2010 Eyjafjallajökull eruption which cost the 
aviation industry $250 million per day. However, 
subglacial eruptions can demonstrate a wide variety of 
eruption styles from highly explosive to effusive. The 
controls on subglacial eruption styles are currently 
poorly understood, with magma composition, eruption 
rate, volatile content, degree of magma-water 
interaction, confining pressure, and ice thickness all 
being possible competing and contributing factors. 

In this presentation I will explore the relationship 
between volatile degassing and the style of subglacial 
rhyolitic eruptions at Torfajökull in south Iceland. 
Samples from a variety of eruptions ranging from 
large-volume explosive events to small-volume 
effusive events have been explored. Additionally 
dissolved volatile contents allow reconstruction of 
palaeo-ice thicknesses and syn-eruptive pressure 
changes; results show a clear difference between 
volatile degassing in effusive and explosive regimes, 
and reveal interesting parallels with subaerial rhyolitic 
eruptions. 
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Soufrière Hills Volcano has been erupting for the 
past 16 years, with phases of lava extrusion 
interspersed with periods of low activity and quiescent 
degassing. Sulphur dioxide (SO2) has been monitored 
by ground-based instruments: correlation 
spectrometers (COSPEC) and since 2002, differential 
optical absorption spectrometers (DOAS), since the 
beginning of the unrest in 1995. According to these 
measurements, the SO2 emission rate has been 
approximately constant, on a decadal time scale, 
despite changes in the lava extrusion rate. Another 
method of monitoring the SO2 emission rate is using 
satellite instruments, including the Ozone Monitoring 
Instrument (OMI) which is flying on the NASA-Aura 
satellite. 

During the fourth phase of the eruption (December 
2008 – January 2009), the DOAS system and OMI 
were functional and the relationship between the two 
data sets for this period is investigated. However, 
during the fifth phase of lava extrusion, the DOAS 
monitoring system was not functional and so satellite 
instruments, principally OMI, were used to estimate 
the amount of SO2 being emitted by the volcano. There 
were significantly more SO2 signals observed by OMI 
during lava extrusion compared to periods of non-
extrusion: OMI detected SO2 on 58% of days during 
Phase 5, compared to 10% of days in the four months 
of non-extrusion before and after. Two physical 
mechanisms are suggested to explain this: (1) an 
increase in the volatile content of the magma at depth 
would increase the amount of SO2 released at the 
surface; (2) lofting of the SO2 higher in the 
atmosphere, making the plume easier to observe from 
space. The latter is thought to be caused by three main 
processes: Vulcanian or explosive eruptions; co-
ignimbrite plumes; and thermal plumes rising from the 
hot lava dome. The altitude ranges expected from each 
of these mechanisms has been investigated using 
observational evidence and models. 

 

 

 

 



Oral Abstracts - Eruptions and Emissions 
 

28 
 

First synoptic analysis of volcanic 
degassing in Papua New Guinea 

B.T. MCCORMICK*1, M. EDMONDS1, T.A. MATHER2 & 
S.A. CARN3 

1COMET+, National Centre for Earth Observation,  
Dept. of Earth Sciences, University of Cambridge, 
Cambridge, CB2 3EQ, UK (*btm26@cam.ac.uk) 

2COMET+, National Centre for Earth Observation, 
Dept. of Earth Sciences, University of Oxford, 
Oxford, OX1 3AN, UK 

3Dept. of Geological and Mining Engineering and 
Sciences, Michigan Technological  University, 
Houghton, MI, USA 

 
We report the first dedicated satellite-based survey 

of sulphur dioxide (SO2) degassing from volcanoes in 
Papua New Guinea. We present SO2 data from the 
satellite-based Ozone Monitoring Instrument (OMI) for 
2005-2008. The good spatial resolution and low 
detection limits of OMI mean that even low-level 
passive degassing can be detected. These observations 
are of use for volcano monitoring, hazard assessment 
(particularly with regard to aviation hazard) and 
assessment of arc-scale geochemical budgets and are of 
immense value in remote regions with little ground-
based instrumentation, such as Papua New Guinea. 

We identify Manam, Langila, Ulawun, Rabaul and 
Bagana as the active sources of volcanic SO2 in Papua 
New Guinea, with Bagana being the single largest 
source. Our OMI time series shows that ~1.8 × 109 kg 
SO2 was degassed from the region's volcanoes during 
2005-2008, of which 23% was released during major 
eruption events at Manam (January 2005) and Rabaul 
(October 2006) and 25% was released by degassing at 
Bagana alone. Averaged over the past century 
however, we find that major explosive eruptions 
contribute <5% of the long-term arc-scale SO2 
emission budget. Ground-based measurements of SO2 
at five of Papua New Guinea's volcanoes are compared 
with our satellite-based observations. We find a 
discrepancy between the datasets which is consistent 
with published studies for other volcanic arc settings. 
Uncertainties in our estimate of regional SO2 output 
include the effect of in-plume chemical processing and 
dilution of SO2 prior to the satellite overpass and the 
limitations to OMI's visualisation of low-levels of SO2 
emitted into the planetary boundary layer rather than 
the free troposphere, as well as interference by 
meteorological clouds and aerosols. 
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The geologic record is punctuated with 

supervolcanic eruptions, many of which have resulted 
in dramatic climatic cooling effects from large 
stratospheric SO2 injections. The transmission of SO2 
from source to stratosphere is not 100% efficient due to 
scavenging by silicate ash surfaces. The extent of this 
scavenging is uncertain which limits efforts to 
constrain the climatic impacts of such eruptions. Here 
we argue that a brief high temperature (600-900ºC) 
exposure offers optimal conditions for scavenging, and 
is a significant sink for supervolcanic SO2 emissions. 
Based on experimental results, we constrain and model 
a high temperature diffusion-driven mechanism for 
SO2 adsorption on silicate glass particles, in which the 
key controlling variables are; the duration of high 
temperature exposure, silicate melt composition and 
particle size distribution. Based upon this experimental 
research, we suggest that post fragmentation in-conduit 
scavenging may be a substantial sink for both SO2 and 
H2S generated in supervolcanic eruptions. 
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Lava flows are the most common volcanic feature on 
Earth and pose a constant threat to human life and 
infrastructure. Aa flows are characterised by the 
formation of channel levees which strongly influence 
overall flow field morphology. The formation, 
overflow, breach and collapse of lava levees can 
result in the restructuring of channels within a lava 
flow field and therefore have many implications for 
lava hazard management. In addition to topography, 
there are several parameters which control the 
formation of channels such as effusion rate, volume 
and rheology. The degree to which these parameters 
control the development of levees can vary with each 
eruption. A series of experiments using paraffin wax 
as an analogue for lava have been designed to 
investigate the parameters influencing the formation 
and collapse of levees. Initial experiments 
consistently reproduced morphologies commonly seen 
in natural systems such as new channel formation, 
lateral migration of levees and overflows. The 
experiments showed that, similarly to flow fields, wax 
flow fields reach their maximum extension within the 
early stages of effusion and that flow field growth 
after that time is restricted to lateral spreading through 
overtopping or breach of levees. However, it was 
observed that increasing the angle of slope and/or 
effusion rates delayed the occurrence of overtopping 
or breakouts to the latter stages of the effusion and at 
greater distances from the vent.  
This behaviour is indicative of the effect of cooling 
rates on overall flow-field morphology. A reduction in 
the down-slope progression of a flow in which 
material continues to be effused can be related to the 
retarding effect of solidified crust and the up channel 
accumulation of lava once the flow front has become 
immobile, leading to the formation of breaches and 
lateral extension of the flow field – a process 
observed both in the field and during experimentation. 

  
  
 
 
 

Building Oceanic Crust at Slow-
Spreading Ridges: Remote Operated 

Vehicle Observations of the Mid-
Altantic Ridge 45°N 

I.A. YEO*1, R.C. SEARLE1  & K.L. ACHENBACH1 
1Dept. Earth Sciences, Durham University Science 

Labs, South Road, DH1 3LE, UK 
(*i.a.yeo@durham.ac.uk) 

 
High resolution observations of the seafloor are 

vital to understand the processes which build oceanic 
crust.   Huge advances in the understanding of mid-
ocean ridge processes have been made using 
combinations of low resolution shipboard bathymetry, 
sidescan sonar and submersible or towed camera data, 
however few studies have focussed specifically on 
Axial Volcanic Ridges (AVRs), large composite 
volcanoes found on most slow-spreading ridge 
segments.  

In this study we use the Remotely Operated Vehicle 
(ROV) Isis (operated by the National Oceanograpic 
Centre, Southampton) to comprehensively map the 
seafloor at a typical slow-spreading ridge segment with 
a defined AVR in order to quantitively examine the 
relative proportions of eruptive products, their 
locations and their role in oceanic crustal construction. 

We find that the AVR is built of thousands of 
small, monogenetic hummocks, composed 
predominantly of pillow lavas, while the seafloor 
around the AVR is covered by flat, higher-effusion rate 
sheeted and lobate flows, which appear to only be 
formed on seafloor with a dip < 10°. We examine the 
nature of several flat-topped seamounts in the area and 
find similar high effusion rate morphologies on their 
summits, which also have slopes of less than 10°. 

Pillow lavas were found to be by far the most 
common eruptive product observed on 81% of the 
seafloor area covered. Pillow lavas were observed 
forming purely pillow flows, as well as in assosciation 
with higher efusion rate morphologies around the 
AVR. The sheeted flows were observed for only 6 - 14 
% of the surveyed seafloor, however are probably 
slightly under represented as they are buried so easily 
by sediment.  Lobate flows are also observed less 
frequently than the pillows, covering 13 – 39 % of the 
observed seafloor.   

Using sediment cover as a proxy for age we 
examine the relative ages of lava flows on and around 
the AVR and find that the youngest eruptive products 
lie to the south of the segment centre. We also suggest 
that the flat-topped seamounts are the oldest features 
observed and that the flat seafloor and hummocky 
terrain which forms the AVR may be erupted at the 
same time. 

Finally we note that the predominant dip of all the 
sheeted flows and lobate flows around the AVR is 
towards the rifge axis, suggesting the weight of the 
AVR is causing subsidence at the centre of the 
segment. 
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Four decades of research into the volcanology of 
kimberlite volcanoes has almost entirely focussed on 
deposits contained within volcanic conduits, because 
mostly this is what remains preserved in the geological 
record. While this has provided arguably the largest 
body of work on any type of volcanic conduit (bar 
dykes), it has been at the expense of investigations into 
surface deposits. The kimberlite Igwisi Hills volcanoes 
(IHV), Tanzania, uniquely preserve extra-crater lavas 
and pyroclastic edifices. They provide critical insights 
into the eruptive behaviour of kimberlite. The 
volcanoes are comparable in size to small monogenetic 
basaltic volcanoes. Pyroclastic cones consist of bedded 
and stratified pyroclastic fall deposits comprised of 
scoriaceous, pelletal and dense juvenile pyroclasts. 
Pyroclastic deposit characteristics, (absence of ballistic 
clasts; dominantly scoriaceous clasts), indicate 
relatively weak Strombolian-type explosive activity at 
depth in a conduit. Lava features indicate unexpectedly 
high viscosities (estimated >102 to 103 Pa s) for 
kimberlite, likely a consequence of degassing and in-
vent cooling. Each volcano is the result of a small-
volume, short-lived monogenetic eruption. The 
eruptive pathways of each volcano are similar and 
consist of: (1) fallout of lithic-bearing pyroclastic rocks 
during explosive excavation (2) fallout of juvenile 
lapilli from unsteady eruption columns and the 
construction of pyroclastic edifices around the vent; 
and (3) effusion of degassed viscous magma. This is 
broadly consistent with models of pressure evolution 
within growing conduits developed through study of 
ancient kimberlite pipes, and is similar to the eruption 
pathways of other magmatic eruptions. 
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Most of the material erupted in volcanic island arcs 

is ultimately deposited as marine sediment. The marine 
sedimentary record therefore provides an archive of 
volcanic events, which may include deposits from 
pyroclastic density currents, tephra fallout and flank 
collapse. The voumetrically largest events preserved in 
the marine record are landslides associated with 
volcanic edifice collapse. Such events are among the 
largest mass movements known on the Earth’s surface. 
For example, deposits off Dominica, south of 
Montserrat, cover an area of 3500 km2, far exceeding 
the largest known subaerial volcanic debris avalanche 
deposit (from Mount Shasta, with an area of 675 km2). 
Volcanic island landslides may generate devastating 
tsunamis. However, accurate assessments of tsunami 
hazard rely on a full understanding of landslide failure 
processes and emplacement dynamics. 

We have used geophysical data to investigate the 
record of large landslide deposits offshore Montserrat, 
exploring internal deposit structures and landslide 
deposit relationships. Our high-resolution data is 
among the most detailed yet collected over submarine 
volcanic landslide deposits, and has been interpreted in 
preparation for drilling of these deposits during IODP 
Leg 340, planned for February-March 2012. 

Our results show that the largest landslide deposits 
(maximum volumes  of 20 km3) include a dominant 
component of seafloor sediment, and occurred in 
multiple stages. Both these factors imply a reduced 
potential for tsunami generation. Similar failure 
dynamics are implied by deposit morphologies further 
south in the Lesser Antilles, offshore Dominica, 
Martinique and St Lucia, The triggering of widespread 
seafloor sediment failure by volcanic debris avalanche 
emplacement may be a widespread process. At 
Montserrat, landslides were initiated by deep-seated 
volcanic edifice collapse. Deposits contain individual 
blocks with volumes >107 m3. The frequency of the 
largest failures corresponds to the development of 
individual volcanic centres on the island: one deposit is 
of Soufrière Hills age; the previous one of Centre Hills 
age. Following these largest failures, other smaller 
flank collapse deposits occur, interbedded with 
extensive pyroclastic fans. However, there have been 
prolonged periods during the history of Montserrat 
characterised by low levels of marine volcaniclastic 
input, reflecting long-term cycles of edifice growth and 
destruction. 
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Over the last century, activity at Merapi has been 
dominated by the extrusion of basaltic andesite lava 
domes and their subsequent gravitational collapse, to 
produce block-and-ash flows (BAFs), as observed 
during the 2006 eruption. In contrast, the most recent 
eruption began explosively on 26th Oct. 2010, with the 
extrusion of a new lava dome not occurring until early 
November, with continued ensuing explosions. 

Juvenile products from the 2006 BAF deposits 
consist of grey scoria and prismatically jointed blocks 
with a narrow range of bulk compostions (55.2- 56.1 
wt.% SiO2). Juvenile components in the 2010 deposits 
are more varied, consisting of dark dense and 
scoriaceous dome fragments and white pumice (54.1- 
55.7 wt.% SiO2), as well as slightly less evolved light 
grey blocks (52.6- 54.3 wt.% SiO2). Ash from surges 
generated early in the eruptive episode ranges in 
composition from 54.7 to 58.1 wt.% SiO2. 

CSD analysis of feldspar microlites reveal 
differences in crystal population density between 
different phases of the 2006 eruption, inferred to be 
due to differing extrusion rates and dome residence 
times. Feldspar microlites from both eruptions disply 
similar compositions, ranging from An27Ab61Or12 to 
An70Ab29Or1. Amphiboles in the 2006 products are 
surrounded by reaction rims, formed during relatively 
slow magma ascent. Amphiboles in the 2010 products 
may have rims or may be pristine and unaltered, 
suggesting mixing of rapidly ascending magma with 
magma that has been temporarily stored outside the 
amphibole stability field. Amphibole thermobarometry 
suggests a magma storage region at between ~9-20 km 
depth. Ti-magnetites from different phases of the 2006 
eruption display varying degrees of “ilmenite” 
exsolution, with products from 2010 showing no 
obvious exsolution lamellae. 

Further petrological, textural and chemical analyses 
of the products from these two eruptions will help to 
expound the processes that enable persistent and long-
lived (dome-forming) activity and to identify the 
parameters that may drive changes from effusive to 
explosive behaviour. 
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Isotopic variations along the Sunda Arc from West 

Java to Bali record variations in both the arc 
lithosphere and the sediment which enters the trench. 
While many recent studies have focused on the 
subduction component, frequently advocating a 
minimal role for upper crustal processes such as 
assimilation and fractional crystallisation (AFC), this 
study shows that contamination has a significant 
impact on the chemistry of arc lavas. Those lavas with 
isotopic ratios most displaced from mantle values are 
found to have acquired these signatures during 
differentiation. Sumbing volcano (central Java) and 
Kelut volcano (east Java) provide excellent case 
studies of volcanoes where some magma has 
experienced and some has escaped contaminated by arc 
crust. This provides strong constraints upon 
compositions of both the contaminants and the mantle 
sources 

At Sumbing, all pyroclastic rocks show negative 
correlation of SiO2 with Sr/Nb, 87Sr/86Sr, 206Pb/204Pb, 
207Pb/204Pb and 208Pb/204Pb. Lavas, however, possess 
constant, lower values for these ratios over a range of 
SiO2. Modelling demonstrates that assimilation of local 
calc-silicate xenoliths or calcareous upper crust at 
shallow depth could produce the variation in 
pyroclastic rocks from a lava recursor melt. This 
reinforces conclusions from Sumbing’s neighbours 
Merapi and Merbabu that carbonate assimilation 
selectively influences magma chemistry in central 
Java. 

Radiogenic isotope ratios of Kelut lavas are lower 
than Sumbing, which has previously been attributed to 
along arc changes in either the composition of arc 
lithosphere or the pelagic content of sediment entering 
the Sunda trench. Elevations in concentrations of most 
incompatible elements and radiogenic isotopes ratios at 
Kelut occur in a suite of lavas for which AFC was the 
primary control. In contrast to central Java, these 
variations can be attributed to small contributions from 
a silicic contaminant, such as the widespread, local, 
quartz-rich sediment. Near-mantle values of 
143Nd/144Nd, 176Hf/177Hf and 206Pb/204Pb in 
uncontaminated lavas from Kelut provide some of the 
best examples of a pre-subduction mantle source, 
which can be compared with uncontaminated suites 
from other volcanoes, including Sumbing. 
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The andesitic Soufrière Hills Volcano, Montserrat 

has been active since 1995, with five phases of dome 
growth to date. Mafic enclaves are ubiquitous, and 
supply of mafic magma is interpreted as the main 
driver for the current eruption. Recent (Phases IV to V)  
activity has changed from longer periods of dome 
growth to shorter more intensive episodes. This is 
coincident with an increase in the abundance and 
heterogeneity of mafic enclaves, implying that the 
changes in activity may reflect differences within the 
magmatic system.  

The intense Phase V episode lasted ~18 weeks, 
culminating in the energetic collapse of Feb. 11th 2010. 
Within these deposits three distinct mafic enclave types 
have been identified using textural and geochemical 
variations: (A) Weakly porphyritic basaltic enclaves; 
with chilled margins and inherited phenocryst 
proportions of < 8%. (B) Medium to highly porphyritic 
basaltic-andesite enclaves; with diffuse margins and 
inherited phenocryst proportions of 16-25%. (C) 
Composite; a mixture of types A and B indicating two-
stage mixing. Textural and petrological variations also 
includes differences in: vesicularity, modal mineral 
assemblages, glass abundance, groundmass size and 
distribution. Inherited phenocrysts show petrological 
and geochemical characteristics consistent with late 
stage heating and inheritance from the andesite. Bulk 
XRF analyses of Phase V enclaves shows a wide 
compositional range of 48-58wt% SiO2. An observed 
SiO2 compositional gap between the mafic enclaves 
and host andesite in the earlier eruptive phases is no 
longer present, reflecting increasing hybridisation of 
the mafic enclaves. The majority of enclaves also have 
some geochemical characteristics distinctive from the 
earlier phase enclaves, e.g. higher MgO and lower FeO 
values.  

Successive replenishments of mafic magma have 
led to a more complex mixing regime as observed in 
the composite enclaves. The overall evolution of the 
geochemistry, coupled with increased textural 
variability across enclave types implies a correlation 
with the change in activity in the latter phases.  
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Continuing advances in the hardware, software, 
sample preparation and theoretical understanding of 
40Ar/39Ar techniques are leading to improvements in 
the precision and accuracy of obtainable age 
information, permitting ever more detailed questions 
about geological processes.  Currently achievable 
analytical precision for high quality samples (e.g. 
pristine sanidine) of 100 ka is <1%, 10 ka <3% and 1 
ka <10%, indicating that the 40Ar/39Ar technique can be 
meaningfully applied to late Pleistocene and Holocene 
problems, and gives results comparable to 14C at 50 ka 
(precision of ~1% for both methods). 

Improvements in laser heating methods permit 
younger, smaller and/or K-poor samples to be 
analysed.  We have dated middle Pleistocene single-
crystal plagioclase for deposits in the Los Humeros 
caldera (Mexico) to a precision of <10% (140±12 ka, 
MSWD=1.11, p=0.24, N=83).  Although much less 
precise than the limits listed above, this is to be 
expected for a phase with at least 10 times less K than 
sanidine.  Laser step-heating of large (10’s to 100’s 
mg) samples using a digitally controlled scanner offers 
significant improvement over furnace methods, as the 
scanning laser gives lower and more uniform analytical 
blanks and faster throughput permitting less material 
and/or younger rocks to be dated.  The example below 
is a laser step-heated basanite (1.24 wt% K2O) from the 
island of São Tomé, West Africa, evidence of shield 
building activity on the island in the Pleistocene 
(990±40 ka, MSWD=0.6, p=0.76, n=9). 
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Olivine crystals in high Mg/Fe melts have the 

potential to provide an insight into the early 
petrogenetic history of lavas as they comprise the first 
fractionating phase; high forsterite olivines may even 
be able to provide information regarding the source 
compositions of the melts. 

LA-ICP-MS analysis of olivine crystals from seven 
islands throughout the Lesser Antilles arc has 
demonstrated evidence of heterogeneities throughout 
the arc, most visibly in a distinct bimodality in the CaO 
concentrations. A group of ‘low calcium olivines’ 
(LCO) are observed in lavas from across the arc, 
occurring concurrently with olivines which do not 
show CaO depletion. The LCO have unusually low 
contents of CaO (0.024 ppm to 0.110 ppm) at a given 
forsterite content when compared to other olivines 
analysed (0.116 ppm to 0.237 ppm), even those from 
the same samples. The low calcium olivines show Fo88-

82 and also low Cr contents at a given forsterite content 
compared to the other analysed olivines.  

Low CaO contents coupled with relatively high 
forsterite contents could be suggestive of mantle 
xenocrysts, but low Cr concentrations rule this out. 
Generating low CaO olivines requires a melt with a 
lower CaO content, therefore bimodality of CaO 
contents could be a function of co-existing, differing 
melt compositions [1]. Elemental diffusion rates vary 
within olivines, with Fe and Mg diffusing rapidly, 
allowing forsterite content to re-equilibrate with the 
host magma more rapidly than Ca and Cr 
concentrations [2]. Therefore, the CaO bimodality 
could reflect antecryst olivine, potentially of mantle 
origin, having been resident in a higher CaO melt over 
an insufficient period of time to diffusively re-
equilibrate olivine CaO contents. 

In addition there are numerous olivines with Fo>90 
which are high for arc derived olivines and provide a 
rare opportunity to study potentially more primitive 
source compositions of arc lavas and give a further 
insight into the origin of the Lesser Antilles lavas. 

 
[1] Kamenetsky et al. (2006).  Chemical Geology, 233, 346-357. 
[2] Jurewicz and Watson (1988). Contributions to Mineralogy and 
Petrology, 99, 176-185. 
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As part of an ongoing study, we have undertaken a 

programme of deformation monitoring at Santorini 
volcano incorporating satellite data from 1993-2011 
and GPS measurements from 2004-2011. We recently 
detected a change in deformation measurements, which 
coincide with an ongoing cluster of small earthquakes 
beneath the volcanic islands of Nea Kameni and Palea 
Kameni. We believe our results indicate a new phase of 
unrest at Santorini volcano, which has been quiescent 
since the last eruption in 1950. 

We have combined InSAR and GPS measurements, 
to better understand the nature of this system over the 
past 18 years. C-band (5.65 cm wavelength), L-band 
(23.6 cm) and X-band (3.1 cm) radar data acquired 
between 1993 and 2011 constrain deformation rates at 
Santorini, along with campaign and continuous GPS 
measurements from 2004-2011. Our preliminary 
findings show a dramatic switch from an extended 
period of slow subsidence (at ~0.6 cm/yr) at Nea 
Kameni from 1993-2010, to an episode of inflation 
which commenced in early 2011, and is continuing at a 
rate of ~1 cm per month. Source modelling was 
undertaken to determine the optimal parameters for the 
source of the deformation observed and comparisons 
made between deformation measurements and 
seismicity to better constrain the physical processes 
involved. These changes may be the first precursory 
events in the lead up to an eruption, but it is also 
possible that activity may cease without an eruption. 
Whatever the outcome of this unrest, we have a rare 
opportunity to capture the changes in the deformation 
field associated with a shallow crustal disturbance at a 
quiescent but potentially dangerous volcano. 
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Over 600 million people live close enough to active 
volcanoes to be affected when they erupt. Volcanic 
eruptions cause loss of life, significant economic losses 
and severe disruption to people’s lives, as highlighted 
by the recent eruption of Mount Merapi in Indonesia. 
The eruption of Eyjafjallajökull, Iceland in 2010 
illustrated the potential of even small eruptions to have 
major impact on the modern world through disruption 
of complex critical infrastructure and business. The 
effects in the developing world on economic growth 
and development can be severe. There is evidence that 
large eruptions can cause a change in the earth’s 
climate for several years afterwards. Aside from 
meteor impact and possibly an extreme solar event, 
very large magnitude explosive volcanic eruptions may 
be the only natural hazard that could cause a global 
catastrophe. 

GVM is a growing international collaboration that 
aims to create a sustainable, accessible information 
platform on volcanic hazard and risk. We are designing 
and developing an integrated database system of 
volcanic hazards, vulnerability and exposure with 
internationally agreed metadata standards. GVM will 
establish methodologies for analysis of the data (eg 
vulnerability indices) to inform risk assessment, 
develop complementary hazards models and create 
relevant hazards and risk assessment tools. GVM will 
develop the capability to anticipate future volcanism 
and its consequences. NERC is funding the start-up of 
this initiative for three years from November 2011. 

GVM builds directly on the VOGRIPA project 
started as part of the GRIP (Global Risk Identification 
Programme) in 2004 under the auspices of the World 
Bank and UN. Major international initiatives and 
partners such as the Smithsonian Institution Global 
Volcanism Program, VHub, World Organisation of 
Volcano Observatories, WOVOdat, Geological Survey 
of Japan, Willis Re, Munich Re, Norwegian 
Geotechnical Institute, INGV, GNS New Zealand, 
University of Florida, Risk Management Solutions, 
University of Durham (IVHHN), USGS and many 
others underpin GVM.  
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The Rum Igneous Centre is enclosed within a 12 

km elliptical ring fault (the ‘Main Ring Fault’, MRF), 
with remnants of an early felsic stage of volcanic 
activity (Stage 1), cross-cut by basic and ultrabasic 
intrusions that comprise the famous Layered Ultrabasic 
Suite (Stage 2). During Stage 1, central uplift on the 
arcuate MRF system was accompanied by felsic and 
mixed felsic/mafic magmatism and the subsequent 
formation of a caldera. Many of the felsic rocks of 
Stage 1 are of crustal origin with isotope signatures 
similar to that of the underlying Lewisian gneiss. Stage 
2 commenced with the intrusion of basaltic cone-sheets 
followed by the emplacement of the Layered Suite that 
comprises feldspathic peridotites, troctolites and 
gabbros. Central Rum comprises a N-S belt of igneous 
breccias, which is regarded the feeder system for the 
Layered Suite. 

A major volcanic edifice was likely built over Rum 
during Stage 2, but subsequent erosion rapidly set in. 
Clasts derived from Rum have been identified in 
conglomerates in lavas in SW Skye. The Rum Central 
Complex must therefore have been extinct and 
dissected before the main activity at Skye began. To 
constrain the lifetime of the Rum volcano, plagioclase 
phenocrysts of the early Stage 1 rhyodacites were 
analyzed using single crystal 40Ar/39Ar laser dating and 
a major peak at 60.33 ± 0.21Ma is interpreted to 
represent the intrusion/eruption age. This new age 
overlaps with that for the ultrabasic intrusion (60.53 ± 
0.04 Ma), implying the latter was already forming at 
depth and supplying the necessary heat for crustal 
melting during the Stage1. Quickly thereafter the 
ultrabasic magmas migrated upwards and intruded into 
the volcano’s earlier deposits. Extremely rapid sub-
aerial erosion of the Rum centre followed, underlining 
an extremely short lifespan for the centre, with the 
entire magmatic evolution occurring in probably less 
than 0.8M years. 
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The Staffa Formation of the Palaeogene Mull Lava 

Field, NW Scotland, comprises a ~275 m thick sequence 
of basaltic lavas interbedded with a variety of subordinate 
volcaniclastic and sedimentary units. The complex inter-
relationship between these rocks provides an excellent 
analogue for similar hydrocarbon producing offshore 
sequences (e.g. Rosebank, Faroe-Shetland Basin) and is 
used to evaluate their diagenesis and hydrocarbon 
potential. 

Lavas were erupted in an actively subsiding graben 
and interacted with wet substrates and localised bodies of 
standing water. Volcanism was predominantly fissure fed 
and periodically explosive. Although vents are not 
preserved, proximal deposits are found at Carsaig, 
MacCulloch’s and on the Isle of Staffa (NW of Mull). 
Here massive scoria-rich breccias display characteristics 
of primary volcanic origin, with large spatter rags up to 
60cm long and well developed eutaxitic textures within 
scoria-rich horizons. These are dominated by highly 
vesicular, fluidal-shaped, glassy scoria indicating the 
primary nature of the deposit. Much of the glass has 
partially altered to gel and fibrous palagonite and in 
places has completely altered to Fe-rich pore-filling 
smectite. The extent of diagenetic alteration varies, with 
some samples showing slight flattening due to compaction 
and less developed glass alteration, in others the alteration 
is so great that primary textures are completely destroyed. 
Due to the high percentage of glassy material and its 
labile nature, the poroperm of these sediments is 
obliterated.  

During periods of quiescence some of the primary 
material was locally reworked into spatter- and scoria-rich 
horizons and contains quartz grains and low abundances 
of flint clasts. At more distal locations (1 km) the 
proportion of quartz and flint increases as the siliciclastic 
regime re-establishes over the volcanic terrain. The 
proportion of scoria begins to decrease and is replaced by 
clasts of aphyric and amygdaloidal basalt (< 1 m in 
diameter) from weathered lava flows. These are 
interpreted as debris flow deposits within a tectonically 
active basin. At very distal locations (3 km) the 
siliciclastic regime begins to dominate. Fluvial channel 
deposits dominated by quartz and flint with little to no 
volcanic component indicate a switch in provenance. The 
volcanic clasts are locally altered to clay, but are 
relatively fresh compared to the proximal equivalent, and 
overall poroperm is retained. 

This study demonstrates that although poroperm in 
proximal volcaniclastic rocks is poor, efficient reworking 
of these materials over relatively short distances can 
produce potential reservoir materials. 
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During the late Palaeocene, the rifting event that 

created the North Atlantic Igneous Province produced 
extensive flood basalt volcanism, which was 
characterised by the extrusion of subaerial basaltic 
lavas, intrusion of sills and formation of individual 
igneous centres. In particular, significant volumes of 
lava were erupted on or close to the Faroe Islands. In 
the Faroe-Shetland Basin, this is documented in the 
form of lava-fed delta systems which recorded the 
encroachment of the flood basalts into the basin.  

Mapping of one of these delta systems using 
overlapping 2D and 3D seismic reflection surveys has 
revealed discrete units that are each interpreted to 
represent an individual eruptive event. Distinct facies 
distributions and internal architectures document the 
transition from aerial lava flows to marine hyaloclastic 
breccias. Deposition was primarily driven by lava 
supply, which overwhelmed the basin and caused the 
system to prograde, followed by 2 relatively short-
lived phases of retrogradation as volcanism waned [1].  

Estimates using inflation rates of modern lava 
flows on Hawaii suggest active delta emplacement 
from lava flows lasted ~2,600 years, although this does 
not include hiatuses between eruptions. Distinct 
geomorphological features have also been identified, 
including coalesced lava flow and cuspate collapse 
scarps. These features are directly comparable to 
outcrop analogues on Hawaii and Iceland and are 
indicative of processes during both active deposition 
and subsequent remobilisation.  

By mapping the development of the delta 
system from the lavas that fed them, it is possible to 
understand how the palaeo-shore line was affected by 
flood volcanism during the breakup of Europe from 
North America. This study highlights how the 
preservation of ancient volcanic systems in offshore 
settings has the potential to record key aspects of basin 
development. 

 
[1] Wright et al., (2011). Application of seismic and sequence 
stratigraphic concepts to a lava-fed delta system in the Faroe-
Shetland Basin, UK and Faroes. Basin Research, vol. 23. 
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Samples of young basalts collected from the active 

spreading centres of the Mid-Atlantic Ridge around 
Iceland show systematic geochemical variations at a 
range of spatial scales. Extreme compositional 
variation present in the products of individual volcanic 
systems require high-amplitude, short-lengthscale 
compositional variation to be present in the convecting 
mantle. This requirement is most forcibly demonstrated 
by the wide variation of the Pb-isotopic composition of 
olivine-hosted melt inclusions from single eruptions. 

Geochemical variations that occur on larger scales 
need to be understood in terms of this framework of 
short-lengthscale mantle heterogeneity. It has long 
been known that the Reykjanes Ridge, to the south of 
Iceland, and the Kolbeinsey Ridge, to the north, have 
different geochemical characteristics. The Kolbeinsey 
Ridge samples are depleted in incompatible trace 
elements and have isotopic signatures that indicate that 
this depletion is a long-term feature of their source 
regions. In contrast, the Reykjanes Ridge samples are 
relatively enriched. This north-south asymmetry in 
basalt geochemistry has long been a puzzle, because 
geophysical indicators of melt production at the ridges, 
such as oceanic crustal thickness, are approximately 
symmetrical around central Iceland. We have found 
that the geochemical asymmetry need not represent any 
deep under asymmetry in plume structure. Instead, we 
have demonstrated that the observations are consistent 
with radial flow of mantle in the plume head and that 
the sampling of mantle geochemical heterogeneities by 
melting is controlled by the highly asymmetric 
geometry of the spreading ridge system around 
Iceland.    

On a shorter lengthscale, striking correlations exist 
between geophysical and geochemical indicators of 
melt production on the Reykjanes Ridge. V-shaped 
ridges, which are clear on gravity maps of the North 
Atlantic, highlight crustal thickness variations caused 
by the propagation of melting anomalies away from 
Iceland. Trace element ratios, such as Nb/Y, show 
along-axis variations that coincide with the intersection  
of the V-shaped ridges with the Reykjanes Ridge. The 
sense of the correlation between the geochemical and 
geophysical indicators of melt production indicates that 
the melting anomalies are driven by temperature 
fluctuations in the plume head. 
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The Palaeogene Mourne Granites, N. Ireland, are a 

classic example of the cauldron subsidence 
emplacement mechanism. Recently however, magnetic 
fabric data have suggested a revision of the model in 
favour of a laccolithic style of emplacement. The main 
implication of each model is that the former requires an 
essentially bottomless construction whereas the latter 
should be relatively thin or tabular.  

Magnetotelluric (MT) studies analyse the variation 
electrical currents in the crust and the earth’s magnetic 
field caused by natural electromagnetic sources (such 
as solar activity or lightning) to reveal the distribution 
of resistivity in the subsurface. Acoustic MT (AMT) is 
a higher frequency version that is suited to studying 
relatively shallow structures (to ~10 km). AMT data 
from three profiles in Mourne area have been modelled 
to map 2D resistivity slices. In this area the Silurian 
sediments are distinct conductors compared to the 
relatively resistive granites. The models show that 1) 
resistive rocks (probably granite) extend in the shallow 
subsurface to the south of the granite outcrop, 2) The 
eastern centre dips beneath the western centre, 3) the 
eastern and western centres are <10 and 5 km deep 
respectively. Models also suggest that the eastern 
centre may have some horizontal structure consistent 
with at least two stacked tabular bodies each of ~4 km 
thick. These features are consistent with a laccolithic 
style of emplacement however some features on the 
margins of the resolution of this study may also be 
interpreted as features associated with cauldron 
subsidence such as a deep magma chamber and a ring 
dyke. This presentation offers these interpretations for 
discussion and explains further modelling plans.   
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Climate engineering has received considerable 

attention in the media over the last few months, as the 
UK embarks on its first funded program assess the 
feasibility of deliberately intervening in climate. One 
option in the suite of possible efforts to mitigate the 
worst effects of climate change is to emulate the 
cooling effect observed following large volcanic 
eruptions. This would involve injecting reflective 
particles into the lower stratosphere increasind the 
Earth’s albedo in order to reduce surface temperatures. 

In March 2010 the UK research councils funded 
SPICE (Stratospheric Particle Injection for Climate 
Engineering). The project aims to investigate three 
research questions: (1) what would ideal candidate 
particles look like, (2) how would they be transported 
to the stratosphere, (3) what would be the impacts of 
such an injection. 

This presentation will describe the project’s various 
methodologies, present some early results and discuss 
the societal context of the research. In particular, I will 
discuss the field experiment and our collective efforts 
at exploring the issues of goverenance, ethics and 
public perception around a complex and controversial 
project. 
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Tristan da Cunha (South Atlantic) is an active 

ocean island volcano with a relatively poorly defined 
eruptive record and little effective monitoring 
capability.  Although a young volcano (~100 ka), 
eruptions have been numerous, with no apparent 
spatio-temporal correlation, style, volume or 
compositional relationships.  The last eruption in 1961 
prompted a traumatic, temporary (~2 year), evacuation 
of the island’s population. 

Whilst monitoring improvements would be 
desirable, financial and geographical constraints fuel 
the need for effective risk reduction strategies.  
However, studies and approaches designed to 
encourage risk reducing behaviour in other volcanic 
settings have had mixed success. 

To succeed, volcanic risk communication (and 
hence reduction) programmes need both to tackle the 
issue of uncertainty and to be developed in partnership 
with the local population.  This research adopts a 
holistic approach to achieving volcanic risk reduction 
on Tristan, integrating methodologies from the social 
and physical sciences in an analytic-deliberative 
framework.  A new geochronology is presented, with 
findings from an expert elicitation quantifying 
associated uncertainties.   

A 32 week field season permitted an ethnographic 
approach to investigations of the historical and present 
day social context.  Vulnerabilities and resilience 
characteristics were recorded alongside analyses of the 
broad drivers that determine existing characteristics, 
how they have changed and how they might transform 
in the future.  On-island participatory scenario 
planning was employed as a useful and effective 
anticipatory tool to building resilience and tailoring 
risk communication.   

An annual evacuation drill has been arranged, and 
the new data and findings integrated into disaster 
management protocols, demonstrating the value of this 
approach for risk reduction in multi-hazard contexts. 
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Infrared remote sensing provides a global view of 
the thermal radiative energy emitted from the earth 
surface. Explosive volcanic activity can be preceded by 
an increase in thermal energy at the surface, from 
either effusive activity or surface warming relative to 
the surrounding landscape. How data from polar 
orbiting satellites of U.S. National Oceanic and 
Atmospheric Administration (NOAA) and U.S. 
National Aeronautical and Space Administration 
(NASA) and their infrared sensors are used in real-time 
to monitor the surface activity at volcanoes across the 
North Pacific (NOPAC) region is described. In 
addition, an alarm system is used to warn those in 
hazard assessment of increased thermal activity at any 
volcano across the region. This system has been 
applied within Alaska and across the NOPAC since the 
mid 1990’s and has developed into a reliable and 
heavily beneficial tool for monitoring remote and 
hazardous volcanoes.  

With the increased interest in improved volcano 
monitoring from the aviation community, after the 
eruptions in Iceland in 2010 and 2011, and the need to 
provide an early warning system, thermal infrared 
remote sensing data can assist volcano observatories in 
their pre-eruption hazard assessment. Within the 
remote sensing group at the Alaska Volcano 
Observatory, both email and text-based alarms are sent 
to the assigned duty people, once the alarm system has 
determined an increase in activity has occured. The 
duty personnel then examines the remote sensing data, 
through web-based tools, and if required informs the 
other duty personnel with the observatory. 

Here, we present details of the alarm system and 
illustrate its usefulness for volcano monitoring, 
especially those remote volcanoes, unmonitored from 
other geophysical instrumentation. We emphasize that 
a locally based system, directly developed and applied 
at the volcano observatory, provides the early warning 
of impending volcanic events, that might not have been 
detected until the ash clouds were within air traffic 
routes. This sort of early warning at many of the 
world’s volcanoes, that don’t have ground based 
instrumentation, will help to increase the volcano 
observatories ability to detect early warnings of a 
change in a volcanoes behavior and catch those 
eruptions from remote volcanoes before they occur. 
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Coarse-grained deposits at high elevations on ocean 

island volcanoes, have been interpreted as sourced 
either from sea-level highstands or from tsunamis 
generated by volcano lateral collapse. Previously 
proposed as the result of a sea-level highstand, coarse-
grained fossiliferous conglomerates located at Agaete, 
Gran Canaria have been recently re-interpreted as 
having been sourced from a tsunami; itself triggered by 
a volcano flank failure. The sediments occur at several 
locations at Agaete at altitudes as high as 188m apsl 
and up to 2 kilometres from the coast. They comprise 
seven facies, all of which are variably graded, matrix- 
and clast-supported and contain a diverse assemblage 
of volcanic clasts, large beachrock boulders and a 
shallow marine fauna. The lower facies are interpreted 
as primary tsunami deposits, whereas the upper facies 
are best explained as tsunami deposits that have been 
reworked. The alternative, marine highstand 
interpretation is discounted on the basis of (i) an 
absence of marine terraces and wave cut platforms; (ii) 
composition, sedimentary properties and diagenetic 
features; and (iii) elevation and distance of the 
exposures from the coast. The NW coast of Gran 
Canaria has experienced 40-50 m of tectonic uplift 
over the past ~1.75Ma, which is insufficient to explain 
current elevations of the marine component of the 
Agaete deposits. The Güimar collapse event on the 
neighbouring island of Tenerife, dated at around 0.8Ma 
BP, is presented as the most probable source of the 
tsunami. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Oral Abstracts - Volcanoes and Society 

40 
 

Analysis of Historic Data on 
Fatalities from Volcanic Eruptions 

M.R. AUKER*1, R.S.J.SPARKS1 & L. SIEBERT2 

1Dept. Earth Sciences, University of Bristol, Queens 
Road, Bristol, UK. BS8 1RJ 
(*ma6549@bristol.ac.uk) 

2Dept. Mineral Sciences, Smithsonian Institution, 
Washington DC, USA. 

 
The advent of the twenty first century has seen 

society’s vulnerability to volcanic hazards rapidly 
increase as a result of populations’ growth and 
development [1]. The need for proactive approaches to 
volcanic risk management is subsequently of more 
importance now than it has ever been. Whilst scoping 
such approaches is not simple, useful insights can be 
gleaned from the historical record of human mortality 
from volcanic activity; understanding where, when, 
and how volcanoes have caused human impacts is of 
great use in aiming to reduce them in future. 

We combine databases maintained by the 
Smithsonian Institution, The Centre for Research on 
the Epidemiology of Disasters, Munich Reinsurance, 
and an amalgamation similar to ours created by 
Witham [2]. Whilst these four differ in their coverage, 
accuracy and reliability, they each represent a source of 
bona-fide numerical volcanic fatalities data. Our 
compiled database accounts for the strengths and 
weaknesses of these four sources, in an attempt to 
create a dataset that is as exact, reliable, and 
comprehensive as possible. 

With the use of supplementary data, we present an 
overview statistical analysis of the volcanic fatalities 
record from 1600 to 2010; underreporting is very 
evident prior to this time. 278,880 fatalities are 
recorded, resultant from 533 events. The distribution of 
fatalities is skewed in many ways – almost half of all 
fatalities were in Indonesia, and 58% of the fatalities 
have occurred across only five eruptions. We treat 
these five most calamitous events separately in many 
of the further analyses, exploring the split of fatalities 
across hazardous agents, the relationship between 
human development and number of fatalities, and the 
degree to which the evidence supports the notion that 
developments in volcanology have lead to a reduction 
in the impacts of volcanic events. 

Our work is a first-pass data assessment, with 
results largely in line with those of other authors. Plans 
for furthering the study include more detailed analyses 
of the fatalities database, as well as compilation and 
investigation of other impact factor data (such as 
numbers of injuries and people evacuated). 

 
[1] Chester, D.K., Degg, M., Duncan, A.M., Guest, J.E., 2001. The 
Increasing Exposure of Cities to the Effects of Volcanic Eruptions; A 
Global Survey. Global Environmental Change Part B: Environmental 
Hazards, 2, 89 – 103. 
[2] Witham, C.S., 2005. Volcanic Disasters and Incidents: A New 
Database. JVGR, 148, 191 – 233. 
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The potential respiratory health hazard of volcanic 

ash is routinely studied but little is known about the 
respiratory hazard of quarried volcanic deposits, either 
as loose, clastic deposits or freshly blasted lavas. 
Quarrying of both deposit types may expose workers to 
fine particulate and subsequent processing of material 
may reactivate particle surfaces, thereby affecting their 
potential toxicity.  

Here we explore whether quarried volcanic 
particulate can potentially cause respiratory disease; 
either through reactivated surfaces on aged deposits or 
formation of new particulate from blasted lava which 
might pose a similar hazard to fragmented, erupted ash. 
Such quarrying is of economic importance and here, 
samples collected from New Zealand (tephrite, 
trachybasalt, basaltic andesite, dacite and rhyolite), 
Montserrat (andesite) and Greece (rhyolite) are 
presented, along with volcanic ash representing a 
variety of magma types and eruptive styles.  

Grain size analyses of particulate generated from 
solidified lava flows indicated that the finest particles 
were produced as a result of drilling (carried out prior 
to blasting) and were analogous to dome collapse ash. 
In all magma types, however, processed (finished) 
product also contained significant quantities of 
respirable material, with the coarser samples having a 
grain size similar to less explosive, strombolian 
erupted ash. SEM analyses confirm that the 
morphology of particles can be altered by the method 
of processing and similarly to volcanic ash, often 
comprised of aggregates of smaller particles.  
Crystalline silica quantification was determined by 
XRD and showed that the Montserratian quarried 
samples contained the greatest quantities which were 
similar to dome collapse ash from the Soufriere Hills 
volcano. Basaltic and rhyolitic quarry dust samples 
contained much lower levels of crystalline silica. 
Surface reactivity analyses indicate a trend between 
magma type and hydroxyl radical generation, with 
magmas richer in iron generally generating more 
radicals. Volcanic ash demonstrated a broader range of 
reactivity, with the most reactive ash samples being 
several times more reactive than the more reactive 
quarry dusts.  

This trans-disciplinary research incorporates 
mineralogical characterisation with risk assessment of 
the quarries visited, providing them with information 
useful for potentially shaping policy on occupational 
exposure. This is of particular significance in areas 
such as Montserrat, where workers are frequently 
exposed to both quarry dusts and volcanic ash. 
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Exposure to volcanic ash is known to trigger acute 

respiratory diseases, such as asthma and bronchitis, and 
can potentially instigate chronic diseases if the ash is 
biopersistent and sufficiently fine to deposit in the 
alveolar region of the lung.  The potential toxicity of 
volcanic ash is likely to vary depending on the type 
and style of eruption; volcanic domes, for example, 
tend to crystallize substantial quantities of crystalline 
silica, specifically as cristobalite, a group 1 human 
carcinogen, and dome collapse results in the generation 
of respirable, cristobalite-rich ash.  The ability of 
volcanic silica to elicit an inflammatory response is ill-
defined as the influence of structure and composition 
on the physiological burden has been sufficiently 
studied at only one location, Soufrière Hills volcano 
(SHV), Montserrat. 

Here we present results from a systematic 
characterisation of the mineralogical properties of 
crystalline silica at a suite of dome-forming volcanoes 
– SHV, Mt St Helens, Merapi, Unzen, and Santiaguito 
– and relate the data to surface reactivity and in vitro 
toxicity studies. The abundance, purity, 
crystallographic form, and crystal shape of volcanic 
silica were identified as properties affecting adverse 
biological responses, and were investigated using 
XRD, electron microprobe, SEM, and Raman 
spectroscopy.  As with previous observations at SHV, 
cristobalite exists in the low temperature alpha form 
and is found within the groundmass as well as growing 
into vugs in dome rock in both platy and euhedral 
morphologies.  There is great variation in the quantity 
of cristobalite from 0 – 20 wt% in samples of dome 
rock, and the composition is impure, containing traces 
of other cations such as up to 3 wt% aluminium.  
Although higher levels of cristobalite in respirable ash 
raise concerns about the onset of chronic, injurious 
disease, preliminary toxicology results suggest 
cristobalite-rich ash is not as toxic as other silica-rich 
dusts. Pro-inflammatory responses, however, are 
sample dependent and it is therefore imperative to 
consider eruptions on a case by case basis in order to 
most effectively aid the risk mitigation work of disaster 
managers globally. 
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What seismology can achieve on a 
volcano - an overview 

J.W. NEUBERG*1 

  1School of Earth & Environment, University of 
Leeds, Leeds , LS2 9JT, UK 
(*J.Neuberg@see.leeds.ac.uk) 

 
Volcano seismology is at the core of any monitoring 
program on dormant and active volcanoes alike, 
 but its full potential can only be developed if 
seismological methodology is combined with other 
techniques regarding both monitoring and modeling. 
Therefore, we shall set modern volcano seismology in 
a wider volcanological context and demonstrate how 
much can be gained in understanding of volcanic 
processes through multi-disciplinary approaches. 
We will present  examples of  the use of  volcano-
tectonic events to determine changes in the stress field  
which are caused by pressurization of the volcanic 
plumbing system due to magma movement. Another 
example deals with the analysis of low-frequency 
earthquakes combined with magma flow modeling, 
linking magma ascent rates at depth with seismic 
swarm activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dynamics of basaltic plumbing 
systems: a theoretical model of 
eruptive output and timescales 

S.BLAKE*1 & L.S.GUNN1 
1Dept. Environment, Earth and Ecosystems, The Open 

University, Walton Hall, Milton Keynes , UK. 
MK7 6AA (*s.blake@open.ac.uk) 

 
Eruptions of basaltic volcanoes are the culmination 

of magma transport processes within a plumbing 
system that extends from the mantle to the surface. We 
present a versatile model of this system and compare 
model output with the historical record of selected 
basaltic volcanoes. Components of the model system 
include a deep storage region from which magma 
escapes at a rate determined by magma buoyancy, 
viscosity, conduit dimensions and viscous collapse of 
ductile country rocks, and a shallow chamber from 
which dense magma erupts at a rate determined by 
viscosity, conduit dimensions and elastic relaxation of 
initially over-pressured magma and country rock. The 
volumes of the chambers are also important variables. 
Model systems built from these components connected 
to each other and/or the surface encapsulate the 
controls on eruption intensity and duration in several 
scenarios. Using appropriate ranges of input parameter 
values, Monte Carlo modelling generates synthetic 
distributions of eruption volume and duration whose 
characteristics are compared with the distributions 
derived from historic eruption data from various 
basaltic volcanoes. Our results provide probabilistic 
forecasts of eruption durations, theoretical models of 
the course of given eruptions, and insights on the 
contrasting behaviours of volcanoes fed from shallow 
upper crustal chambers or from chambers situated in 
the deep crust or mantle. 
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An insight into operation of 
basaltic magma conduits from a 

single dyke apophysis 
 

R.  LATYPOV*1 & S. CHISTYAKOVA1 
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Linnanmaa, 90014, FINLAND 
(*rais.latypov@oulu.fi) 
 
We have studied a single apophysis of a dolerite 

dyke that provides a novel insight into differentiation 
processes operating in basaltic magma conduits. The 
apophysis emanates from a large master dyke and 
gradually pinches out over a distance of about 11 m. 
Three continuous profiles across an apophysis (17 cm, 
29 cm and 69 cm wide) were studied. Contrary to 
common thinking, the apophysis has remarkable 
internal zonation that systematically changes along its 
strike. As it becomes thicker, a zonation pattern with 
an inward decrease in compatible components and an 
increase in incompatible components progressively 
give way to one with opposite compositional 
tendencies. Here we argue that such spatial zonation is 
consistent with predictions of our new concept that 
attributes compositional trends in mafic dykes to a 
competitive operation between two petrogenetic 
processes. These are (a) the filling of dykes with 
magmas that become increasingly more evolved with 
time and (b) in situ cumulate growth in these magmas 
against dyke sidewalls. The two processes have 
opposite effects on rock geochemistry, the first making 
dykes more evolved and the second more primitive 
inwards. The spatial zonation of a dyke apophysis 
likely reflects a gradual change from rocks mostly 
produced by quenching of progressively more evolved 
magmas (the thinnest profile) towards those formed by 
in situ cumulate growth of these magmas (the thickest 
profile). This change results from the decreasing extent 
of magma cooling as a dyke apophysis becomes 
thicker with proximity to a master dyke. It is quite 
intriguing to determine whether the systematic changes 
in the zonation of this small dolerite apophysis 
represent a general feature of mafic dikes. Much more 
data are required for small mafic dikes to establish 
better geochemical constraints on emplacement, 
crystallization, and differentiation of magmas in the 
narrow conduits. These dykes appear to represent an 
essentially overlooked source of very valuable 
information about magmatic processes that operate at 
both shallow and deep levels in magma conduits. Many 
other unexpected findings and puzzles appear to await 
us along this novel line of detailed petrological 
research. 

 
 
 
 
 
 
 
 
 

Estimating rheological properties of 
lava flows using high-resolution time 

lapse imaging 
L.J.APPLEGARTH*1, M.R. JAMES1, H. PINKERTON1 & T. 

FRYER1 

1 Lancaster Environment Centre, Lancaster University, 
LA1 4YQ, UK (*l.j.applegarth@lancaster.ac.uk) 

 
During effusive eruptions, property and 

infrastructure can be threatened by lava flow 
inundation. To maximise the effectiveness of the 
response to such an event, it is necessary to be able to 
reliably forecast the area that will be affected. One of 
the major controls on the advance of a lava flow is its 
rheology, which is spatially and temporally variable, 
and depends on many underlying factors. Estimating 
the changes in rheological properties of a lava flow is 
therefore of the utmost importance. Here we report 
estimates of rheological properties made from 
geometric and velocity measurements on integrated 
topographic and image data using the method of Ellis 
et al. (2004) (Ellis B, Wilson L & Pinkerton H (2004) 
Estimating the rheology of basaltic lava flows. Lunar 
& Planetary Science XXXV Abst. 1550). These are 
then compared to the viscosity predicted from 
composition and temperature by the GRD model 
(Giordano D, Russell JK, & Dingwell DB (2008) 
Viscosity of Magmatic Liquids: A Model. Earth & 
Planetary Science Letters, 271, 123-134). 

During the 13 May 2008 - 6 July 2009 eruption of 
Mt Etna, Sicily, lava flows were emplaced into the 
Valle del Bove, reaching a maximum length of >6 km. 
Towards the end of the eruption, multiple channelized 
aa flows were active simultaneously, reaching tens to 
hundreds of metres in length, over hours to days. In the 
last month of the eruption, we installed a Canon EOS 
450D camera at Pizzi Deneri, on the north side of the 
Valle del Bove, to collect visible images at 15-minute 
intervals. On one day, topographic data (using a Riegl 
LPM-321 terrestrial laser scanner) and thermal images 
(using a FLIR Thermacam S40) were also collected 
from this location.  

The fronts of some of the larger flows were tracked 
through the time lapse image sequence. Using 
knowledge of the camera imaging geometry, the pixel 
tracks were reprojected onto the topographic surface to 
determine flow advance in 3-D geographic coordinates. 
Integrating the tracking results with the topographic 
data allows flow lengths and velocities to be extracted. 
With estimates of the flow width and thickness, we 
then estimate effective yield strengths, apparent 
viscosities and Gratz numbers for the tracked flows, 
and evaluate the success of this method using predicted 
viscosities from the GRD model of Giordano et al. 
(2008).  

 
 
 
 
 
 
 



Oral Abstracts - Magma in Motion 

44 
 

 (Mis)understanding bubble 
growth in magma: Evidence from 

preserved volatile concentrations in 
glass 
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2Department of Earth Sciences, University of Oxford, 
South Parks Road, Oxford OX1 3AN; 

3Institut des Sciences de la Terre d’Orléans, CNRS – 
l’Université d’Orléans, 1A rue de la Férollerie, 
45071 Orléans Cedex 2, France. 
 
Volcanic eruptions are driven by the nucleation and 

growth of bubbles that are formed when volatile 
species (particularly water) exsolve from magma. The 
kinetics of bubble formation and growth exert a critical 
influence on eruption dynamics, particularly on the 
explosivity of the eruption; consequently, an accurate 
physical description of bubble growth is critical to the 
success of numerical models of volcanic eruptions. We 
present analytical results of H2O concentrations in 
experimentally-decompressed phonolite and rhyolite 
samples, which provide data against which bubble 
growth models can be tested. 

Upon decompression, bubble growth theory 
predicts that volatile concentrations surrounding a 
bubble will decrease towards the bubble wall under 
disequilibrium degassing conditions, and tend towards 
a flat profile for equilibrium degassing. Our data, 
however, show H2O concentrations increasing towards 
the bubble wall, by as much as 3 wt%. Both the H2O 
increase and its gradient vary systematically with 
experimental conditions (e.g. decompression rate). 
Current bubble growth theory would require a pressure 
increase of up to 100 MPa to account for the observed 
H2O profiles; thus, our data are counter-paradigmatic, 
and indicate that existing bubble growth models 
require revision. 

We collect our data using the technique of 
Humphreys et al (2008). We use SIMS-calibrated 
backscatter SEM images of synthetic volcanic glasses 
to extract sub-micron resolution H2O concentration 
data. We present data as two-dimensional maps of H2O 
concentration around isolated bubbles and around 
bubble-pairs. These quantitative data are compared 
with a numerical model of bubble growth, which 
couples volatile diffusion with concentration-
dependent viscosity and melt hydrodynamics around 
the growing bubbles. This approach demonstrates the 
dramatic variance between modelled and actual water 
concentrations surrounding bubbles in melt, with far-
reaching implications for our understanding of bubble 
growth mechanisms and their consequent effect on 
eruption dynamics. 

 
[1] Humphreys et al (2008), EPSL 270, 25-40. 

 
 

The effect of particle shape on 
suspension rheology and 

implications for magmatic flows 
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2Institut für Geowissenschaften, Johannes Gutenberg-
Universität Mainz, Becherweg 21, 55128 Mainz, 
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3Dept. Earth Sciences, Durham University, Science 
Labs, Durham, UK. DH1 3LE;  

 
Crystal-bearing magma has a complex, non-

Newtonian rheology which has a profound influence 
on its transport. Whilst pure silicate melt is Newtonian, 
as the volume fraction and/or the aspect ratio of 
suspended crystals increases, the following effects are 
sequentially introduced: (i) increased effective 
viscosity; (ii) shear-thinning behaviour; (iii) yield 
stress.  

We present the results of analogue rheometric 
experiments on monodisperse suspensions of solid 
particles in a Newtonian liquid, in which particle 
volume fraction φ and aspect ratio rp are varied 
systematically. We find that the effect of φ on viscosity 
is well captured by the Maron–Pierce model, and that 
this model is valid across the range of particle aspect 
ratios investigated (0.04 ≤ rp ≤ 22, i.e., strongly�oblate 
to strongly�prolate) when the maximum packing 
fraction φm is treated as a fitting parameter. The value 
of φm derived from fitting to our experimental data 
depends strongly and systematically on particle aspect 
ratio; hence, φm represents an effective proxy for the 
influence of particle shape on suspension rheology. We 
present a simple relationship for φm (rp) which allows 
the viscosity of a suspension to be calculated as a 
function of φ and rp only. 

We investigate the impact of accounting for crystal 
shape when modelling volcanic flows by simulating 
the eruption of magma carrying crystals of different 
aspect ratio. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Oral Abstracts - Magma in Motion 

45 
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magmatic slurries: old problems and 
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2School of Engineering and Built Environment, 

Edinburgh napier University, Edinburgh EH10 5DT 
 

An increasing number of published studies on 
magma rheology focus primarily on systems 
containing dispersed phases.  These dispersed phases 
may be solid crystalline particles or gas bubbles, in the 
case of vesicular systems – such observations being 
equally relevant to silicate melts and ‘cryomagmas’ of 
icy composition.  Such complex multiphase fluids are 
expected to deviate strongly from Newtonian 
behaviour, being strongly shear thinning and exhibiting 
a yield stress under appropriate conditions of 
observation.  Experimental rheometry of such materials 
has traditionally used a wide gap concentric cylinder 
measuring geometry with smooth surfaces – an 
approach prone to errors and artefacts arising from the 
effects of wall depletion (slip) and variation of the 
velocity gradient across the system gap.  Moreover, the 
deficiencies of such an approach are seldom considered 
in the existing literature and form the focus of the 
current study.  Results obtained for a series of model 
fluids based on suspensions of muscovite particles of 
different size distribution in poly(propylene glycol) 
fluids of differing viscosity are presented.  Following 
protocols more commonly employed in materials 
science, errors from wall depletion were eliminated by 
use of serrated measuring systems, appropriately 
calibrated.  A critical comparison of the various 
approaches suited to consideration of the flow of 
complex fluids in a wide gap couette flow is also 
presented.  In these respects, a more accurate 
determination of the non-linear shear rheology of the 
fluids is achieved, both for crystalline slurries 
exhibiting a yield stress and a finite low shear 
viscosity. The correction technique allows improved 
predictions of magma flow and deformation rates to be 
made.  
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Exploring the complex origins of 
orogenic plateau magmatism  
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EMAMI2 
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2Research Institute for Earth Sciences, Geological 
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3Institute of Geological Sciences, Armenian National 
Academy of Sciences, Yerevan, Armenia 

 
Magmatism is a common feature of high plateaux 

created during continental collision, but the causes 
remain enigmatic. Here we study Plio-Quaternary 
volcanics from the active Arabia-Eurasia collision 
zone, to determine their chemistry and origins. The 
great majority of the centres lie within the overriding 
Eurasian plate, implying that mantle fertilised by pre-
collision subduction processes plays a significant role 
in magma generation. The composition of the Plio-
Quaternary centres is extremely variable, ranging from 
OIB-like alkali basalts, to intermediate types 
resembling mature continental arc lavas, to potassic 
and even ultrapotassic lavas. These centres are erupted 
across a mosaic of pre-Cenozoic suture zones and 
lithospheric blocks. The chemical diversity implies a 
range of partial melting conditions operating on 
lithospheric and perhaps sub-lithospheric sources. 
Published data show marked variation in lithosphere 
thickness, from >200 km beneath the Arabia-Eurasia 
suture in Iran, to ~70 km or less beneath eastern 
Turkey. These data are constraints on the cause of the 
melting in each area, and the degree of variation 
suggests that no one mechanism applies across the 
plateau.  Various melting models have been suggested. 
Break-off of the subducted Neo-Tethyan oceanic slab 
may have permitted melting related to adiabatic ascent 
of hot asthenosphere under areas where the lithosphere 
is thin. This seems a less plausible mechanism where 
the lithosphere is at normal or greater than normal 
thickness. The same problem applies to postulated 
lower lithosphere delamination. Enigmatic lavas are 
erupted over the thick lithosphere of Kurdistan 
Province, Iran. These alkali basalts and basanites have 
the chemical characteristics of small degree (<1%) 
melts in the garnet stability field. Most possess supra-
subduction zone chemistry (La/Nb = 1-3), but this 
signature is variable. Modelling suggests the depletion 
of residual amphibole during partial melting can 
explain the observed La/Nb range. This melting may 
occur as the result of lithospheric thickening. At depths 
of ~90 km, amphibole-bearing peridotite crosses an 
experimentally-determined “backbend” in its solidus. 
Melting continues while the source remains hydrated. 
Such “compression” melting may apply to parts of 
other orogenic plateaux, including Tibet.  

 

Magmatic evolution at Cape 
Verde; a comparison of mafic and 

felsic volcanic centres 
 

A. BARKER*1, D. NILSSON1, V. TROLL1, T. 
HANSTEEN2 & A. KLÜGEL3 
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The Cape Verde submarine plateau was sampled 

during the Meteor M80/3 research expedition in 
January 2010. Amongst the seamounts sampled was 
the mafic Nola Seamount, located in the northwest of 
the Cape Verde Rise, northwest of the northern Cape 
Verde islands. The height (>30 mbsl) and morphology 
of the Nola Seamount suggest it is relatively mature. 
The Nola Seamount will be compared to the felsic 
volcanic centre of the Cadamosto Seamount, located 
southwest of the island of Brava, in the southwest of 
Cape Verde. Mineral chemistry will be investigated to 
unravel the differences in the magma plumbing 
systems that cause mafic and felsic volcanism in Cape 
Verde. 

Lavas from the Nola Seamount are basanites, many 
of which are olivine and clinopyroxene porphyritic. 
The lavas from the Cadamosto Seamount are evolved 
nephelinites and phonolites. The nephelinites contain 
clinopyroxene, nepheline, nosean, biotite, and minor 
sanidine whereas the phonolites contain nepheline, 
nosean and minor biotite.  

The major mineral phases have been analysed for 
REE and trace elements (Sr, Rb, Pb) by LA-ICP-MS. 
The REE patterns of the clinopyroxenes are LREE 
enriched. Clinopyroxenes from the Nola Seamount 
have Sr contents ranging from 80 to 250 ppm, with 
very low Rb, Ba, K and Pb contents. The Cadamosto 
lavas have high concentrations of Sr, 400 to 700 ppm 
for clinopyroxene, 2000 to 4500 ppm for nepheline and 
4000 to 5500 ppm for nosean. 

We will present crystallization pressures from 
clinopyroxene–melt thermobarometry. The trace 
element compositions will be evaluated to determine 
the potential for application of crystal isotope 
stratigraphy. 
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Neoarchean mafic intrusion (West 
African Craton, Mauritania) 
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The 2.7 Ga Iguilid mafic intrusion is a post-
metamorphic body emplaced in the Reguibat Rise 
(northern West African Craton). It is composed of 
gabbronorites with minor norites and gabbros showing 
only few evidences for magma differentiation on the 
field. A combined study of petrographic properties and 
3D fabric analysis by image analysis and AMS has 
shown that the intrusion is structured as three elliptical 
bodies alimented by three separate zones of magma 
injection, with norites forming the western part of the 
intrusion and gabbronorites the main central and 
eastern part. The degree of anisotropy is very low for 
most samples (P’: 1-1.05) except for some norites with 
high susceptibility (up to 6000 µSI). 

Chemical indexes of magma differentiation degree 
based on the major-element composition of minerals 
(Mg#, An%) are not correlated to the incompatible 
trace-element (Zr, Th, LREE) contents of minerals and 
bulk samples. This is classically interpreted as an effect 
of variable amounts of trapped interstitial liquid in 
cumulates. Modelling of in-situ differentiation shows 
that samples with the highest incompatible element 
contents are rich in trapped liquid (up to 7 vol.%), a 
value sufficient to erase the positive Eu anomaly 
produced by plagioclase segregation. The sample with 
the lowest incompatible element contents is moreover 
characterised by the lowest Mg# and An%, it is the 
most chemically evolved but it is devoid of a trapped 
liquid fraction. This sample is also the one showing the 
highest degree of deformation (P’: 1.4) with a fabric 
acquired during the magmatic stage. We interpret these 
features as a result of crystal mush compaction in 
response to converging magma flows within the 
convecting magma chamber. The strain has caused the 
expulsion of the trapped liquid fraction from the 
evolved crystal mush whereas in other samples, 
deformation was very limited, resulting in the 
preservation of the interstitial liquid fraction. 
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The Toba caldera located in Sumatra (Indonesia) is 
the result of the largest volcanic eruption in the 
Quaternary. This study presents oxygen isotope data 
for a suite of whole rocks and quartz minerals erupted 
as part of the Young Toba Tuff (YTT), an eruption 
event producing 2800 km3 of material some 75 ka ago. 
Oxygen isotope data have been obtained from whole 
rock (conventional fluorination), single mineral grains 
(laser fluorination-LF) and in-situ (SIMS) in 
combination with cathodoluminescence (CL) imaging 
in order to establish the relative roles of magmatic 
fractionation, magma-crust interaction and crystal 
recycling occurring in the Toba magmatic system. The 
CL images of quartz crystals exhibit defined patterns 
of zoning that often coincide with fluctuations in δ18O 
values, allowing correlation of textural and 
compositional information. Measured δ18Oquartz values 
from SIMS and LF range from 6.7‰ to 9.4‰, 
independent of their position on the crystal. Whole 
rock values, in turn, range from 8.2 to 9.9‰. The 
δ18Omagma values calculated from quartz (assuming 
Δquartz-magma = 0.7‰), suggest a minimum value of 
6.0‰, similar to that expected from a mantle derived 
magma, and a maximum value of 8.7‰. This indicates 
multiple sources to the Toba system including a crustal 
component with high δ18O. Helium isotope data 
obtained from pyroxenes from the oldest Toba eruption 
(1.2 Ma) are consistent with such a crustal contribution 
(R/RA = 0.7 and 1.8). Several crystals, however, have 
rims with lower δ18O values, suggesting a late, low-
δ18O contaminant.  

Barometry calculations from feldspar and 
amphibole suggest the magma chamber system resided 
at a similar depth ( ̴ 10 km) for all four Toba eruptions 
(1.2, 0.84, 0.5, 0.075 Ma). The system probably 
persisted as a crystal mush, which was mobilised by 
fresh magma injections. Crystal recycling, identified 
from compositional and textural features in most of the 
YTT quartz crystals, is an integral part of how super-
eruptions are assembled. Large volumes of isotopically 
heterogeneous sources were therefore mixed to make 
the final YTT cocktail, including a late low-δ18O 
contaminant, substantial high-δ18O crustal 
contributions, and considerable amounts of recycled 
antecrysts from the three previous eruptive episodes of 
the Toba system.   
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Geochemistry and Petrogenesis of 
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 A series of Late Caledonian plutons occurs on 
western Shetland Mainland west of the Great Glen – 
Walls Boundary Fault. Samples from Muckle Roe and 
the Sandsting and Northmaven Complexes together 
range in composition from  gabbro to diorite, 
granodiorite and granite (~47 wt% to ~77 wt % SiO2). 
The majority have SIO2 >65 wt %. The Sandsting 
mafic rocks (gabbros to borderline diorite) have 
primitive mantle-normalized incompatible element 
profiles similar to OIB but with a very minor negative 
Nb anomaly which may be significant. By contrast, the 
Northmaven mafic rocks (gabbros) have a clear 
subduction-related signature. All the evolved rocks 
(>60 wt% SiO2) from Muckle Roe, Sandsting and 
Northmaven display well-developed subduction 
influences in their trace element geochemistry. 
 Several hypotheses are being tested to determine 
the origins of the plutons in relation to Late Caledonian 
continental collision. These include subduction and 
slab breakoff to generate the observed mafic magmas 
and fractionation of these or the partial melting of 
mafic underplating to generate the evolved members. 

Field evidence indicates magma mingling between 
gabbroic and granitic magmas on Northmaven, 
although no direct evidence of magma mixing has yet 
been found. However, geochemical modelling suggests 
that the Sandsting intermediate rocks (diorites and 
granodiorites) can be derived from the mafic and silicic 
extremes  by simple binary mixing. This would suggest 
that magmatism in both complexes was originally 
bimodal, but clearly the mafic rocks were derived from 
two distinct sources. Work is in progress to constrain 
age relations and more thoroughly characterise the 
geochemistry, critical to models of Late Caledonian 
collisional magmatism in Shetland involving slab 
breakoff.     
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Rubidium-Strontium (Rb-Sr) isotopes in high-silica  

magmatic systems have revealed much on the 
timescales of magma formation and storage, and the 
petrogentic processes involved, but such ltihophile 
elements are little fractionated in basaltic melts. In 
contrast, many magmatic minerals in basalts possess 
exceptionally high rhenium-osmium (Re-Os) ratios, 
and thus evolve to very radiogenic compositions over 
relatively short periods of time. If these phases do not 
experience diffusional reequilibration then they 
potentially preserve information both on the time of 
their crystallisation, on details of equilibration between 
phases, and on the isotope composition of the melt 
from which they grew. Moreover, this sytem is highly 
sensitive to magma mixing or contamination. This 
study presents Re-Os isotope data for basaltic minerals 
from MORB and Columbia river basalts (CRB).   

Re-Os data for plagioclase and clinopyroxene 
phenocrysts (and sulphide inclusions in plagioclase) 
from a single sample from the Roza flow yield ages of 
15.4±0.7 Ma and 15.4±0.9 Ma, respectively. More 
remarkably these data indicate that the melt 
composition evolved rapidly as these phases 
sequentially crystallised. Sulphide, the first phase to 
crystallize, grew from a melt with an initial 187Os/188Os 
composition of 1.3, plagioclase 0.69 and clinopyroxene 
0.24. These results indicate that the earliest melt, 
shows the greatest effect from crustal contamination, 
rapidly evolving to a less radiogenic value close to that 
for a mantle source. Mineral data for MORBs from the 
FAMOUS region of the North Atlantic also yields 
relatively precise ages, that in some examples compare 
favourably with U-Th age data. However, some 
samples yield much older apparent ages than might be 
expected from U-Th data or their proximity to the ridge 
axis. In this case, the isochrons appear to reflect 
contamination and mixing between MORB source 
melts and oceanic crust altered by seawater. This 
contamination must have occurred at high temperature 
during crystallisation of the magmatic phases, rather 
than prior or post crystallisation. These results 
illustrate the utility of the Re-Os isotope system for 
tracing melt evolution in basaltic systems.   

 
  



Poster Abstracts - Sources and Reservoirs 

49 
 

Diverse melt compositions erupted 
from Albano Maar, Italy: insights 

into magma processes 
J. CROSS*1, V. SMITH2, E. TOMLINSON1, G.GIORDANO3, 

J. ROBERGE4, A.A. BENEDETTI3 & M. MENZIES1 
1Department of Earth Sciences, Royal Holloway 

University of London, Egham, Surrey TW20 0EX, 
UK (*j.k.cross@es.rhul.ac.uk) 

2RLAHA, University of Oxford, Dyson Perrins 
building, South Parks Road, Oxford OX1 3QY, UK 

3Dipartimento di Scienze Geologiche, Università di 
Roma TRE - L.go S. Murialdo 1, 00146 Roma, 
Italy 

4Departamento de Geoquímica, Instituto de Geología, 
Universidad Nacional Autónoma de México, 
Ciudad Universitaria, Coyoacán D.F. 04510, 
Mexico 

 
 Albano Maar, within the Roman Comagmatic 

Province in Italy, has erupted 7 times in the last ca. 69 
kyrs. The magmas are typically alkali-rich (14-18 wt% 
Na2O+K2O) and silica under-saturated (48-52 wt% 
SiO2). The erupted deposits are crystal-rich (~30-40%) 
and full of cumulate and lithic material (~15-20%). 
Tephra from some of these eruptions is found at Lago 
di Monticchio (>200 km from vent) illustrating the 
explosivity of these eruptions. Numerous petrogenic 
models have been proposed in an attempt to explain 
their formation (Freda et al., 2006; Iacono-Marziano et 
al., 2008., Gaeta et al., 2009; Conticelli et al., 2010).  

Herein we present new geochemical glass data for 
juvenile clasts (i.e., pumice & scoria), and magmatic 
cumulates found in flow and fall deposits. Major, 
minor and trace element compositions are diverse (i.e., 
7-11wt% K2O; 44-121ppm Ba), and define dual 
crystallisation trends generating phonolite or foidite 
derivatives. Understanding the unusual evolution of 
these melts helps constrain the nature of the sub-
volcanic storage system.  
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Nephelinites and phonolites, with few carbonatite 
xenoliths, from Saghro are amongst the most Si-
undersaturated and alkali-rich lavas of the Circum-
Mediterranean Cenozoic igneous province. The 
continuum of clinopyroxene compositions, fractional 
crystallisation modelling and Sr-Nd-Pb isotopic ratios 
suggest that the two groups of lavas are linked by a 
fractional crystallisation process with limited crustal 
contamination (87Sr/86Sr: 0.7030-0.7060; εNd: +3.6 to 
+4.9; 206Pb/204Pb: 19.41-19.62). 

Major element modelling using the mass balance 
rule indicates that the chemical trends are controlled by 
successive fractionation of dunite, olivine 
clinopyroxenite, calcite-bearing Ti-clinopyroxenite, 
malignite, ijolite and urtite.  This suite of plutonic 
rocks corresponds to those observed in famous 
ultramafic-nepheline syenite-carbonatite intrusions. 

Nb concentration does not increase from primitive 
to evolved nephelinites, whereas Zr content linearly 
increases with decreasing Mg. This can be explained 
by early fractionation of perovskite (which can trap up 
to 2 wt% Nb2O3). Phonolites are strongly enriched in 
the most incompatible elements compared to 
nephelinites, except for Sr, REE (apatite effect) and Ta. 
They show high Nb, Zr, Th and U contents (up to 2100 
ppm Zr and 600 ppm Nb) with fractionated Nb/Ta and 
Zr/Hf ratios. Both ratios increase during 
differentiation: from 19±1 and 40±10, respectively, in 
the nephelinites, to 30-69 and 61-82, respectively, in 
the phonolites; this reflects the more compatible 
behaviour of Ta compared to Nb and of Hf compared 
to Zr. 

LA-ICP-MS analyses on minerals and AFC 
modelling shows that early accessory perovskite and 
apatite and late titanite are the main minerals 
controlling the trace-element evolution trends. Titanite 
is responsible of Nb/Ta fractionation but also of the 
Zr/Hf ratio increase together with clinopyroxene. The 
final steps of crystallisation and differentiation are 
evidenced by segregations of peralkaline, Zr-, Nb- and 
volatiles-rich (F, Cl, H2O) melts that crystallised pure 
aegirine, apatite, hainite, lorenzenite and delhayelite in 
small microdomains interstitial to the feldspar laths 
network of phonolites.  
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The Louisville seamount trail (LST) is a 4300-km-long 
time-progressive chain of seamounts in the southwest 
Pacific Ocean. Five of the seamounts in the older 2000 
km section of the chain were drilled during IODP 
Expedition 330: Canopus (~76 Ma), Rigil (~72.5 Ma), 
Burton (~64 Ma), Achernar (~58.5 Ma) and Hadar 
(~50 Ma). These were chosen because they have 
similar ages to seamounts drilled on the Emperor 
seamount trail during ODP Leg 197. Drilling on three 
of the LST seamounts cored deep (141–505 metres) 
into basaltic basement, and shorter sections were 
recovered on the other two. Several preliminary 
conclusions can be drawn from our new geochemical 
data on basalt samples recovered from the five 
seamounts. 

1. The seamounts appear to be composed of 
transitional to alkaline basalt, in contrast to 
the Emperor seamounts which are dominantly 
tholeiitic. 

2. We detected no significant variation in basalt 
composition with depth in the core through 
the shield-building phase on any of the 
seamounts. 

3. Only Burton Seamount shows evidence of a 
strongly alkaline posterosional phase of 
magmatism. This is represented by a series of 
reworked lapilli tuffs that are enriched in  
incompatible elements and contain small 
mantle-derived xenoliths and phenocrysts. 

4. There is a small but significant systematic 
increase in the relative enrichment in 
incompatible trace elements with time. For 
example, Nb/Zr increases from ~0.13 to ~0.17 
from the oldest to the youngest seamounts 
drilled. This correlates with an increase in 
lithospheric thickness at the time of seamount 
formation and can be explained by a decrease 
in average melt fraction as the depth to the top 
of the melt column increases. 
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Widespread recent Galápagos volcanism reflects 

melting of anomalously hot mantle during upwelling 
and lateral transfer of plume material up to 200 km 
toward the adjacent Galápagos Spreading Centre 
(GSC). By using geophysical and geochemical data in 
independent numerical models we have been able to 
assess the physical processes involved in melt 
generation. 

Our study is focused on Isla Santiago, which is 
located in the centre of the archipelago, above the 
margin of active thermal upwelling, and provides an 
ideal setting in which to examine plume-ridge 
interactions. From W to E across Santiago (away from 
the hotspot axis), basalts range from mildly-alkaline to 
low-K MORB-like tholeiites; a striking diversity of 
compositions that is rare from single eruptive episodes 
at ocean islands. 

A greater rate of buoyancy-driven vertical mantle 
flow, combined with thicker lithosphere beneath west 
Santiago, causes accumulated fractional melts to be 
more alkaline and enriched in the Galápagos plume 
component than those which formed beneath the 
shallower lithosphere in the east of the island. We 
further suggest that plume material is progressively 
depleted of its most volatile components during sub-
anhydrous peridotite solidus lateral flow, and adiabatic 
decompression to relatively shallow depths enables 
generation of MORB-like low-K tholeiites beneath east 
Santiago. At the adjacent GSC, an increased flux of 
warm plume mantle at the base of the melting region 
causes generation of MORB with more-enriched 
isotopic and incompatible-trace-element compositions 
than those erupted on Santiago and islands in northeast 
Galápagos.  

Our findings for Galápagos emphasize the 
importance of lithospheric thickness, geometries of 
melting regions, lateral flow paths and prior melting 
history of mantle material in controlling the nature and 
occurrence of oceanic basalts close to spreading 
centres. By converting seismic data to temperature we 
have been able to test the accuracy of numerical 
models based solely on geochemical data. We show 
that the latter can be reliably used when high precision 
seismic data is unavailable.  
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This study investigates late Precambrian 

metavolcanic rocks from southwestern Svalbard to 
determine magmatic evolution and the relationship with 
continental break up. A number of occurrences of 
metavolcanics  are connected with the regional Torellian 
unconformity, which is dated as post 640 Ma, but pre-
Edicaran, and divides the older metasedimentary 
Dailegga Group from the younger, also 
metasedimentary, Sofiebogen Group (the Jens Erikfjellet 
Formation is part of this group). Samples have been 
collected from two areas within Wedel Jarlsberg Land: 
the Werenskioldbreen area (Jens Erikfjellet Formation) 
and the Chamberlindalen area. 

Total alkalis and silica classify the rocks from Jens 
Erikfjellet Formation as subalkaline basalt to andesite, 
while metavolcanics from Chamberlindalen are picritic, 
except two dykes that are highly alkaline. The 
metavolcanics from Jens Erikfjellet and 
Chamberlindalen are LREE-enriched (Lan/Smn 2.1 – 5.7 
and 1.8 – 3.2 respectively) and the La/Yb ratio is low for 
the Jens Erikfjellet Formation and high for the 
Chamberlindalen samples. Metavolcanics from the Jens 
Erikfjellet Formation have a wide range of elevated 
Thn/Lan ratios, the two dykes from Chamberlindalen also 
have high Thn/Lan ratios. Preliminary strontium and 
neodymium isotope data show low neodymium initial 
ratios (-9 to -13 εNdi) and high initial strontium isotope 
ratios (0.70305 – 0.70990). Trace elements, strontium 
and neodymium isotopes indicate that samples from 
both, Chamberlindalen and the Jens Erikfjellet, are 
contaminated by crust. 

The geochemical character of the metavolcanics 
from Svalbard is quite similar to other late 
Neoproterozoic mafic rocks in the Scandinavian 
Caledonides. We propose that this mafic volcanism from 
southwestern Svalbard was connected with continental 
rifting coinciding with the break-up of Rodinia.  
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 Sintering occurs through the processes of 

annealing (grain coalescence) and the growth of larger 
grains through the dissolution of smaller grains 
(Ostwald ripening) [1]. Such processes are also 
believed to contribute significantly to the postcumulus 
textural evolution of plutonic igneous rocks [cf. 2]. The 
aim of this study is to quantify rates of sintering in 
chromitite (>60 mod.% Cr-spinel). This is a relatively 
common rock-type found in many open-system layered 
mafic intrusions, but is one on whose evolution during 
final textural ‘lock-up’ and solidification we do not yet 
have good constraints. In this study four intrusions of a 
wide range of crystallisation ages and volumes have 
been studied: the Bushveld Complex, SA; the 
Stillwater Complex, USA; the Muskox Intrusion, 
Canada; and the Rum Eastern Layered Intrusion, 
Scotland. 

Two end-member textures, tied to mineral chemical 
characteristics are observed in all intrusions. The 
coarsest (most sintered) Cr-spinel crystals have 
increased [Cr/(Cr+Al)] or [Mg/(Mg+Fe2+)] ratios and 
decreased TiO2 contents, in comparison to the finer-
grained crystals (least sintered). Features similar to 
these in materials science models have been interpreted 
as sintering in the presence of a liquid phase, where the 
addition of an olivine-saturated melt with ~1 wt.% 
TiO2 greatly facilitates the sintering processes [3]. 

We applied modified sintering equations from the 
materials sciences to quantify the individual rates of 
liquid-phase and solid-state sintering for our 
chromitites. The results indicate sintering in the 
presence of a liquid-phase produces increased rates of 
sintering, up to 0.03 mm.Ka-1, in comparison to the 
rates of solid-state sintering (0.02 mm.Ka-1). As these 
processes are unlikely to operate independently in 
natural systems, the combined effects of sintering 
across the solidus were modelled, producing rates of up 
to 2.11 mm.Ka-1. This implies that in natural systems 
the combined processes of solid-state and melt-
mediated sintering in association with mobile Mg-rich 
and TiO2 bearing intercumulus melts may greatly 
contribute to the postcumulus textural evolution of Cr-
spinel seams and their ‘densification’ in the crystal 
mush. 
 
[1] Lifschitz & Slyozov (1961), Journal of Physics & Chemistry of 
Solids, 19, 35-50.  
[2] Higgins (2010), International Geology Review, 1938-2839.  
[3] Halder et al. (2004), Ceramics International, 30, 911-915 
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The present article gives information about the 
occurrence of a new diamond-bearing REE-gold-silver 
mineralization at Kasr El-Bassel area, south El-Fayoum, 
Egypt. The mineralization is represented by picrite 
porphyry, kimberlite semi-ring dykes and associated 
carbonatite-bearing rocks. Banded skarn sheets and lenses 
were formrd during a contact-metamorphic process. This 
rock assemblage is commonly altered by hydrothermal 
veins, pockets and stockworks. The host rocks are 
represented by Quaternary Protonile and Prenile 
sediments and other Middle Eocene limestones. The 
Pliocene clays also have their role during the process of 
mineral formation.  

The mineralized bodies comprise REE minerals, 
native gold, electrum, Au-bearing pyrite, krennerite, 
native silver, argentite, cerargyrite, proustite, chrysocolla 
and dioptase. REE minerals are represented by common 
monazite, xenotime, and weinschenkite. While, rutile, 
chromite, pyrrhotite, niccolite, cobaltite are the associated 
ore minerals. In addition, quartz, aragonite, calcite, 
graphite, volcanic glass, gypsum, garnet, celestite, barite 
and halite are the common gangue minerals. The 
described mineralization is mostly related to the effect pf 
nearby Quaternary volcanics, represented by porphyritic 
trachyte, phonolite porphyry and siliceous tuffs. 
     In the northern part of the area, a black silicified 
Middle Eocene limestone rock with graphite forms a 
circular stock, and is accompanied by the ultrabasic-basic 
bodies. These rocks are commonly brecciated and 
represented by amygdaloidal silicified picrite porphyry, 
silicified kimberlite and the associated REE-rich 
carbonatite-bearing rock. Southwards, the black rock is 
covered by the mineralized skarn bodies, particularly 
where siliceous volcanics are exposed. While, at the 
north-eastern part, the area is mainly covered by dunite 
rock with abundant chromite pods and lenses, that 
laterally grades to serpentinite rock with asbestos.  

Associated with the altered kimberlite, picrite 
porphyry and chromite-rich dunite aggregates of spherical 
and individual diamond crystals are observed, particularly 
where the garnet mineral pyrope is present. This mineral 
assemblage is accompanied by the REE minerals 
(monazite, xenotime, bastnasite and weinschenkite), in 
addition to zircon, baddeleyite, and less commonly 
phlogopite and omphasite. Zircon has its importance for 
the interpretation of deeply subducted crustal rocks. The 
mineral is a common accessory in high-pressure 
metamorphic rocks. Also, the present zircon is depleted in 
heavy REE relative to the middle REE, giving a flat REE 
pattern and is enriched in Eu. These two features are 
common in the minerals of high-pressure metamorphic 
rocks.  
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The role of crystal settling in the formation of 

mafic sills and layered intrusions is a subject of 
ongoing debates in igneous petrology. A concept of 
crystal settling implies that successively crystallizing 
minerals (+phenocrysts) accumulate towards the base 
of magma chambers and become in composition 
progressively more evolved up the section. Such 
primary magmatic trends are best preserved in 
plagioclase because its postcumulus chemical re-
equilibration is negligible. Our detailed study of three 
dolerite sills from Siberia, Russia indicates, however, 
that stratigraphic variations in plagioclase composition 
are not compatible with a crystal settling concept. In 
particular, An-content of plagioclase cores in the 
Vilyuysky sill tends first to increase (from ~70% An to 
~84% An) along the 60 m thick basal zone and only 
then to decrease (from ~84% An to ~70% An) along 
the overlying 100 m thick rock sequence. This 
compositional tendency suggests that the sills must 
have been produced by some alternative mechanism 
not involving gravity settling. The best option appears 
to be an in situ crystallization that envisages two 
distinct stages in the formation of mafic sills. During 
the initial stage a mafic sill develops as an open system 
that is filled by magmas becoming more primitive with 
time. This gives rise to a marginal zone with minerals 
showing reverse compositional trends (e.g. an upward 
increase in An-content of plagioclase). The subsequent 
advanced stage initiates when a magma chamber starts 
evolving as a closed system by classical fractional 
crystallization. This results in the Layered Series with 
minerals showing normal compositional trends (e.g. an 
upward decrease in An-content of plagioclase). Many 
mafic sills and layered intrusions show similar reverse 
trends in plagioclase composition indicating their 
formation by processes involving in situ crystallization, 
rather than gravity-controlled crystal settling. 
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Carbonate  globules found in mantle xenoliths, as 

inclusions in mantle minerals and in juvenile silicate 
melt lapilli are possible examples of primitive 
carbonatitic melts from the mantle [1]. As such, their 
investigation may provide clues to source conditions 
for carbonatites. First to be considered is whether these 
globules represent primary or secondary features, and 
if they are primary, how and where did they form? 
Here we present findings from carbonate globules from 
the Calatrava Volcanic Province in central Spain; an 
alkaline mafic-ultramafic province comprising over 
250 monogenetic cones and vents [1]. Carbonate 
globules are prolific within silicate melt lapilli. Similar 
examples from other carbonatite localities, such as the 
Limagne Province in France, shall also be discussed. 

However, it is important that carbonate globules are 
not considered in isolation. The abundance of globules 
in the Calatrava samples is just one facet of the 
carbonate-rich volcanism in this region [2]. Possible 
multi-phase immiscibility with at least two globule 
types, in addition to the presence of phenocrysts and 
mineral inclusions of carbonate all indicate a 
significant volume of carbon in the source region.  

A variety of techniques have been employed to 
investigate the nature of these globules, including 
SEM, EMPA and cathodoluminescence analyses. 
Globule textures including curved menisci against 
silicate melt, budding, and coalescing of the globules, 
are compelling evidence for liquid immiscibility. 
However, recent experimental results suggest that 
similarly-shaped globules formed as solid calcite 
crystals in equilibrium with silicate melt [3]. Many, but 
not all, globule interiors in the Calatrava lapilli are 
apparently nearly pure calcium carbonate with minor 
Mg, but Si, Al, and Na are virtually absent. Yet 
experiments show that carbonatitic melts equilibrated 
with mantle silicates or silicate melts can dissolve 
significant amounts of these elements, suggesting that 
the globules may have originated as solid calcite. The 
‘pure’ globules are in fact compositionally 
heterogeneous on a micron scale. Initial findings made 
on the basis of sub-micron elemental mapping using a 
FEG-SEM [4] demonstrate that considerable quantities 
of additional components of Si and Al, amongst other 
major elements, appear to have been exsolved and 
segregated to the globule rims during crystallisation. 
Such a mechanism may explain the observed ‘pure’ 
calcium carbonate composition of many globule 
interiors, and supports an immiscible liquid model for 
carbonatite tuff genesis at Calatrava. 

 
[1] Bailey et al. (2005). Mineral Mag 69, 907-915.  
[2] Bailey & Kearns (in press) Mineral Mag  
[3] Brooker & Kjarsgaard (2010). J Petrol.   
[4] van Hoek et al (2011). Microscopy and Microanalysis 17 (05): 
656-660.  
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 Zircon has by virtue of its isotopic stratigraphy 
provided some of the most fundamental insights into 
crustal evolution and silicic magma generation.  It and 
other accessory minerals like apatite play an important 
role in governing the fractionation of REEs at different 
stages of magma evolution. However, identifying the 
point at which different accessory minerals dominate 
REE fractionation and retain their isotopic records 
during silicic magma  evolution remians ambiguous. 

Apatite is present as inclusions in almost all phases, 
including zircon, in the Devonian granitic pluton of 
Criffell, Southern Scotland. Its composition is 
dependent on its host phase, with those hosted by 
zircon having calculated melt compositions that best 
match that of the liquidus, providing strong evidence 
for the early crystallisation of apatite and zircon. The 
larger deviations from liquidus compositions seen in 
apatite hosted by other phases suggests later 
crystallisation of other hosts. Specifically, host-
dependent changes in the LREE and HREE contents of 
apatite have been used to identify the saturation 
behaviour of other accessory phases, providing perhaps 
the least ambiguous evidence for the changing 
importance of different accessory mineral assemblages 
in regulating the REE bahaviour of silcic magmas. 
Furthermore, increases in the Mn content of apatite 
relative to its host-rock in more silicic samples indicate 
a preferential partitioning of Mn into apatite under 
more reducing conditions, enabling changes in 
oxidation states to be assessed  as a function of 
differentiation history. 

Changes in zircon REE patterns should be highly 
complementary to those of apatite, but are shown to 
provide spurious and highly homogeneous melt 
compositions. Despite the isotopic value of zircon, its 
REE patterns are a complex function not only of 
magma REE chemistry but also of the components 
necessary for complex coupled substitutions. Its use in 
constraining the REE composition of magmas is 
therefore limited relative to apatite.        
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Olivine crystals from the tephra products of the 
Eyjafjallajökull eruption of 2010 display highly 
variable zonation, of both normal and reverse 
character.  Zoning of the outer zones appears to be 
consistent at Fo76-Fo78, with highly Fe-rich rims 
developed in the outer 10-20 micrometres, down to 
Fo45, interpreted to represent the final quench.  The 
origins of the olivine are multiple, and suggest the 
mingling of at least two olivine-saturated melts, one 
crystallising quite evolved olivine (~Fo70-74), one 
crystallising  typical basaltic olivine (~Fo81-85) with the 
intermediate rim zones representing the mixed product.  

Time information is preserved in the major element 
zonations, which are investigated through diffusion 
modelling.  Preliminary estimates of timescales (at the 
time of writing) suggested that the earliest phase of 
mixing could be as old as 400 days pre-eruption, but 
that the dominant signal in the sample studied is 1-2 
months pre-eruption, consistent with the onset of 
seismic activity and deformation, and likely related to 
the eruption at Fimmvorðuhals.  Ongoing work on 
thermometry and EBSD for crystal orientation will aid 
to refine these estimates and to typify populations. 
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The transport of disaggreted cumulate mushes to 

the surface during basaltic eruptions provides a key 
opportunity to investigate the link between plutonic 
and volcanic processes. In particular, mush crystals 
which are too primitive to be in equilibrium with their 
carrier liquid preserve a history of earlier magma 
evolution. The AD 1783 Laki fissure eruption 
generated 15km3 of lava and tephra in less than a year 
and had widespread climatic effects. Crystal size 
distribution analysis suggests that an excess of large, 
mush-derived crystals may be present in the Laki 
magma. Mass balance of mush addition to a pure 
liquid, was used to fit the observed correlation between 
whole-rock composition and point-counted modal 
proportion of phenocrysts for samples across the Laki 
system. Comparing predicted Ti enrichment in the 
mush with crystal rim compositions contrains mush 
porosity to ~60%. Crystal zoning observed using 
backscattered electron (BSE) scanning electron 
microscopy (SEM), cathudoluminescence imaging 
(CL),  and electron microprobe analysis (EMPA) 
indicates that simple models of mush growth and 
interstitial liquid evolution, as described at Skaergaard, 
are not valid here: Laki phenocrysts do not record 
compositions more evolved than the carrier liquid. This 
suggests that the mush liquid did not form in situ as a 
result of overgrowth on mush crystals. Depths of 
magmatic processes have been constrained using a 
range of barometric tools. The location of the olivine-
plagioclase-augite-melt (OPAM) boundary indicates 
that the carrier liquid was last in equilibrium with its 
crystal load at 1-2 kbar. However, clinopyroxene-melt 
thermobaromtery using carefully selected equilibrium 
melts suggests that most of the phenocryst load, grew 
at greater pressures of 2.5-6 kbar. Anti-correlation of 
anorthite and titanium, at all lengthscales, in oscillatory 
zoned plagioclase suggests zoning is driven by 
repeated recharge and differentiation of the magma.  A 
model is presented where crystals largely grew from a 
melt parental to the carrier liquid which underwent 
periodic recharge and differentiation in lower/mid 
crustal magma reservoirs. Prior to eruption, this 
porphyritic basaltic magma intruded into a dense 
ferrobasalt at shallow levels, where crystal settling 
resulted in a mush which disaggregated to produce the 
range of magma compositions observed at Laki. 
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The Cape Verde archipelago consists of nine ocean 

islands, eight major seamounts and the young 
submarine Darwin volcanic field. Lavas containing 
xenoliths were gathered from the Darwin volcanic field 
and Cadamosto Seamount during the Meteor 
expedition M80/3 to Cape Verde in January 2010. 

The host lavas are nephelinitic containing 
clinopyroxene, nosean, nepheline, apatite, sanidine and 
ilmenite phenocrysts. The xenoliths are mostly mafic 
to ultramafic with one sedimentary xenolith 
occurrence. The ultramafic and mafic xenoliths are 
holocrystalline, and fine to medium grained. The 
ultramafic xenoliths containing olivine, orthopyroxene 
and clinopyroxene, whereas the mafic xenoliths 
contain plagioclase, clinopyroxene, olivine and/or 
amphibole. The plagioclase phenocrysts have An82-88. 
The sedimentary xenolith is cryptocrystalline with 
quartz, clay minerals, biotite and alkali feldspar.  

The xenoliths have been exposed to processes of 
auto and contact metamorphism such as biotitisation 
and seritisation as a result of interaction with the 
magma. 

REE profiles of clinopyroxenes in the host lavas are 
LREE enriched whereas clinopyoxenes from the 
intrusive xenoliths are LREE depleted. 
Mineral chemistry on the clinopyroxenes in the host 
lavas and xenoliths have been used to determine 
crystallization pressures. Thermobarometry indicates 
that clinopyroxenes in the host lavas formed at depths 
of 17 to 46 km, whereas those in the xenoliths formed 
at 5 to 15 km. 

The petrography, mineral chemistry and 
thermobarometry of the xenoliths and REE 
compositions of clinopyroxene in the xenoliths suggest 
sampling of the Mantle, MORB oceanic crust and 
overlying sediments. 
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The study of large ancient magma chambers and 

their processes is of great importance to understanding 
how modern day magmatic systems form. These 
processes can be deduced from the petrology of 
erupted material. This study focuses on sanidine 
phenocrysts from the Lower Fall Unit and Upper Fall 
Unit pumices of the 39ka Campanian Ignimbrite (CI) 
eruption. Diffused zones between compositionally-
distinct sanidine cores and rims were observed by 
backscattered electron (BSE) imaging, frequently 
demonstrating abrupt increases in Ba content by the 
presence of bright zones towards the crystal rims.  

Plagioclase inclusions and surrounding alkali 
feldspar compositions were measured by electron 
microprobe, and the results used to calculate magmatic 
temperatures ranging from 889°C to 920°C.  Residence 
times were then calculated from diffusional modelling 
of Ba compositional gradients in sanidine crystals.  

Results of the modelling suggest three periods of 
magma recharge are recorded in the sanidine crystals, 
at 0-10 years pre-eruption, ~30 years pre-eruption and 
~300 years pre-eruption. Crystals do not commonly 
show more than one recharge period each. We propose 
an adaptation of previous models for the assembly of 
the CI magmatic system.  Phenocrysts of sanidine 
nucleate in Ba-depleted magma, subsequently sinking 
to the chamber base. Here, mafic magma rises through 
the crystal mush before mixing with the overlying 
magma. At the mush/magma boundary, interaction 
between sanidine crystals and magma consumes the Ba 
of the fresh magma, generating first resorption surfaces 
and then Ba-rich zones in sanidine. The absence of 
crystals displaying multiple recharge periods indicates 
one of several possibilities:  

 
1. Mafic inputs were spatially separated and 

never repeated in the same localised area 
within the chamber, or, 

2. The CI was the result of the coalescence of 
several smaller, yet compositionally similar 
magma bodies. 
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Recycling of sedimentary material into arc magmas 
has long been recognised, but the exact pathways are 
typically still debated for many arc systems. Whereas 
an abundance of isotopic systems in a variety of 
minerals can be used to fingerprint magma sources in 
modern arcs, alteration renders these unreliable in 
ancient arc systems; thus, zircon remains the mineral of 
choice for isotopic studies in older arcs. U-Pb, Hf and 
O isotopes can all be measured in-situ in zircon, and 
provide information on the age of crystallisation and 
nature of magma source to the host rock. 

The continental crust of SW Norway grew during 
the period from 1520-1480 Ma (Bingen et al., 2005); 
the Suldal Arc is a representative ‘sector’ of this crustal 
block. Although no older rocks have been found, 
previous isotope studies on younger (~1.0 Ga) granites 
point to a potentially older (>1.6 Ga) crustal basement 
(Andersen et al., 2001; 2002). Petrology and whole-
rock geochemistry of Suldal Arc granites/gneisses 
point to typical mature volcanic arc (I-type) 
petrogenesis. U-Pb ages from a range of lithologies 
lack any inheritance. Hf isotope signatures span from 
DM to CHUR, suggesting involvement of an older 
crustal component. δ18O ranges from ~+5 to +10‰, 
suggesting that an older crustal component comprised 
material that was altered at low temperature, i.e. 
sedimentary material. 

A model is proposed that explains the geochemical 
and isotopic data, and comprises mixing between 
mantle-derived melts and older sedimentary material in 
a deep crustal magma generation zone. Sedimentary 
material was intoduced into the deep crust via accretion 
to the convergent margin, and subsequent 
underthrusting; a scenario that has been proposed for 
the much younger Sierra Nevada and Coast Mountan 
Batholiths in the western US (Lackey et al., 2005; 
Wetmore & Ducea, 2011). 

 
Andersen et al., 2002. J. Pet. 43. 
Andersen et al., 2001. J. Geol Soc. Lon. 158 . 
Bingen et al., 2005. Nor. Jour. Geol. 85. 
Lackey et al., 2005. EPSL 235. 
Wetmore & Ducea, 2011. Int. Geol Rev. 53. 
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In order to understand eruptive behaviour at 

volcanic centres and to improve models for monitoring 
and prediction of volcanic eruptions, it is important to 
constrain magma storage conditions and transport in 
the system. Here the post-collapse eruptive behaviour 
at Bezymianny and Shiveluch volcanoes, (Kamchatka 
Peninsula, Russia) is compared to the well-known 
sequence at Mount St. Helens, Washington, USA 
(from 1956, 1964, and 1980, respectively). The magma 
system responds to rapid unloading of overburden 
pressure, due to edifice collapse, with a violent large-
scale paroxysmal eruption. This reflects the amplitude 
of the triggering decompression event with later dome-
building and explosive activity due to the reduction of 
vent elevation. The massive unloading events and post-
collapse eruptive chronologies, provides a unique 
opportunity for comparison of the sources driving the 
catastrophic eruptions and eruptive style transitions.  

Analytical techniques employed included X-ray 
fluorescence spectroscopy, electron probe micro-
analyses, Fe-Ti oxide and two-pyroxene 
geothermometry, and X-ray elemental mapping. 
Presented here are results from petrological 
investigations into the temporal variations of whole-
rock geochemistry, geothermometry, mineral modal 
abundances and textures.  

At this stage, a continuous and possibly punctuated 
replenishment of mafic magma from depth appears to 
be driving the frequency of eruptions and observed 
transitions in eruptive style at Bezymianny. At 
Shiveluch, an increasingly silicic geochemical trend, 
high temperatures and the presence of mafic enclaves, 
may indicate a re-mobilization of host dacite by basalt 
ponded at the base of the deep seated magma reservoir.  
Models of magma replenishment and mixing at 
Bezymianny and Shiveluch are discussed and 
compared to Mount St. Helens. It is demonstrated here, 
that petrologic studies serve to elucidate short-time 
scale behaviour of these magmatic systems and to 
enable projections of future volcanic activity. 
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A series of experimental liquidus determinations 
have been carried out on a primitive arc basalt at a 
range of pressures and water contents. The starting 
composition replicates the major element chemistry of 
a picrite from South East Mountain, Grenada, Lesser 
Antilles with 15.4 wt % MgO and whole rock Mg# = 
73. Equilibrium experiments have been conducted 
using piston cylinder, TZM  pressure vessel and 1 atm 
furnace apparata at pressures ≤ 1.7 GPa and an fO2 
corresponding to NNO. Anhydrous, water-
undersaturated and water-saturated conditions have 
been explored. 

The ultimate aim of this experimental series is to 
map out the topology of basalt liquidi in P-T space. 
The position of a liquids relative to a mantle adiabat 
determines the amount of superheating experienced by 
magma as it ascends to lower pressures. This in turn 
has implications for the manner in which mantle-
derived melts interact with the crust. 
 The anhydrous liquidus of the primitive arc basalt 
is 1355ºC at 1 atm and has a positive temperature 
gradient of ~60ºC/GPa. The presence of 3.0 wt % H2O 
depresses the anhydrous liquidus by ~ 125ºC, with the 
water-undersaturated liquidus reaching water-
saturation at 1kbar/1260ºC. At the lowest pressures the 
liquidus phase is Cr-rich spinel; at P > 6kbar the 
liquidus assemblage becomes olivine + spinel. 
Clinopyroxene-in occurs 50-100ºC from the liquidus.  

A futher goal of this project is to experimentally 
replicate the natural cumulate assemblages of the 
Grenadan volcanic suite. Samples from a recent field 
campaign include wehrlitic cumulates of Fo 83, Mg# 
cpx = 84 and Cr# Spl. = 56. Synthetic cpx + ol + spl-
bearing run products from the water-undersaturated 
experiments are comparable to the Grenadan wehrlites 
in spinel and cpx chemistry; however, the experimental 
olivine is considerably more magnesian (Fo 92-96). 
Initial results  suggest this discrepancy cannot be 
attributed to a deviation to oxidised conditions in 
experimental runs: the fO2 of a low temperature 
experiment has been measured using an Ni-Pd sensor 
and yields NNO –0.26.  
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Extremely high 3He/4He ratios are present in near-

primary picrite flows from Baffin Island and West 
Greenland (BIWG) that were erupted during the 
initiation phase of the Iceland plume. The high-
3He/4He picrites range in composition from depleted to 
relatively enriched [1] an observation that is 
inconsistent with the long-held view that high 3He/4He 
is restricted to a discrete, depleted mantle composition. 
Whereas He-isotopes are measured in gas extracted 
from olivine-hosted melt inclusions, radiogenic 
isotopes and incompatible trace elements are measured 
in whole-rock powders. The possibility remains, 
therefore, that a small proportion of small-volume, He-
rich depleted melt originating in a depleted mantle 
source could mix with He-poor but enriched melt and 
thereby impose high 3He/4He on the erupted mixture. 
We have tested this possibility by analysis of major 
and trace element abundances in olivine-hosted melt 
inclusions in four BIWG picrites in order to determine 
the extent of compositional variation in the melt 
inclusion populations. The samples range in whole-
rock compositions from depleted to relatively enriched 
in incompatible trace elements, and all have 3He/4He > 
40 Ra. We find no evidence for the existence of 
depleted melt inclusions in the enriched basalts, or 
enriched inclusions in the depleted basalts. REE 
profiles of melt inclusions in individual samples are 
parallel to each other and to that of their respective 
whole-rock. These observations suggest that each flow 
is made up of a narrow range of component melt 
batches and is therefore sampling a narrow range of 
mantle compositions. These data support the 
conclusion that high 3He/4He is present in a wide range 
of mantle source compositions.  No model in which the 
BIWG picrites originate in a discrete, high-3He/4He 
mantle source can account for these new data. We 
propose that the primordial He in the early Iceland 
plume picrites must originate in a separate reservoir 
(possibly the Earth’s core) with a sufficiently high 
helium concentration to allow it to impose its high 
3He/4He on the enriched and depleted mantle sources 
of the BIWG picrites. 
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Arc magmatism, and the resultant formation of arc 

crust are consequences of hydrous mantle melting, 
induced following dehydration of subducted oceanic 
crust. The recycling of water in this multi-stage process 
is of vital significance. Tracing water from mantle 
source to surface is essential in developing our 
understanding of the generation and evolution of 
continental crust, and the complementary depleted 
mantle reservoir. 

To shed light on this process, we present the results 
of an infrared spectroscopic study of olivines separated 
from arc mantle xenoliths, recovered from Tubaf 
seamount in the Tabar-Lihir-Tanga-Feni island chain. 
The aim of this study was to gain insight into the 
distribution and origin of water in lithospheric arc 
mantle.   

10 olivines/sample (core and rim) were analysed at 
the Research School of Earth Sciences, ANU on  a 
Bruker series FTIR with attached microscope. The 
analyses were performed using unpolarised light, with 
absorbance averaged for each sample before being 
converted to water content using site-specific molar 
absorption coefficients.  

The results show slightly rim-enriched H 
distribution in individual crystals, a phenomenon never 
before reported. Averaged absorbances equate to 
exceptionally low water contents of 3.2-6.9 ppm H2O 
for olivine cores and 3.6-7.8 ppm H2O for olivine rims. 
Spectra are dominated by prominent peaks located at 
3355 and 3330 cm-1, interpreted to reflect H associated 
with Fe3+ in olivine. Minor peaks are also present at 
3572 and 3525 cm-1, related to H associated with Ti 
and occasionally at 3160 cm-1, in a Mg-vacancy. While 
the Ti-related defects are common in the lithospheric 
mantle, H associated with Fe3+ is rarely observed.  

The H zoning profiles of Tubaf olivines show no 
evidence of significant H exchange during ascent. The 
cores of these crystals may therefore accurately record 
the water content and geochemical environment of 
their mantle origin.  Such unusually dry, oxidised 
mantle olivine compositions could reflect diffusive 
equilibration with dilute, hydrous, oxidised melts.  The 
time-integrated effect of fluxing ambient upper arc 
mantle may be to ‘dry out’ primary lithologies, leading 
to convective isolation and the formation of cratonic 
roots.  
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The abandoned Hunafloi Rift (HR), near Skagi in 

northern Iceland, ceased spreading at ~7Ma. We 
investigate why melting recommenced at this rift 
several My post-extinction. Two suites of tholeiitic 
basalt lava flows on the Skagi peninsula (pre- and post- 
HR extinction) have high Fe-Ti compositions and 
enriched incompatible trace elements. The HR lavas 
are compositionally similar to modern lavas from 
central Iceland (above the Iceland plume conduit) and 
the Eastern Volcanic Zone (a propagating riftt). 

For the older lavas, a plume migration 
reconstruction suggests that the combination of 
incompatible trace element enrichment and crustal 
thickness of 20-30km can be explained by plume-
driven upwelling, a scenario similar to central Iceland 
at present. The smaller volume of the younger lavas 
(<1km melt thickness) and their greater distance from 
the plume centre argues against plume-driven 
upwelling to explain their enrichment. Rare earth 
element inversion modelling suggests that the younger 
lavas come from reactivation of the deepest part of the 
melting region beneath HR.  

We suggest that the base of the HR melting region 
was reactivated when a pulse of unusually hot 
asthenosphere passed laterally beneath the HR at ~3 
Ma. This pulse is known to be producing unusually 
thick crust 650 km away from the plume centre today. 
A thermal and kinematic ridge-plume interaction 
model indicates that this scenario can explain both the 
volume and composition of the younger Skagi lavas, 
provided that a small amount of decompression occurs. 
The decompression may result either from extension or 
more likely from buoyancy-driven upwelling of hot 
mantle beneath the relatively thin lithosphere of the 
abandoned HR. 
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An regionally extensive sample set (> 1200) and a 

wealth of geochemical data exist for the 9-10oN 
segment of the East-Pacific Rise (EPR) providing an 
unprecedented opportunity to investigate which 
processes control geochemical variation in erupted lava 
flows. Smith et al. (2000) defined E-MORB as 
K/Ti>11; with N-MORB as K/Ti<11. Thorough on- 
and off-axis sampling and analysis of major element 
variations shows a distinctive increasing trend in K/Ti 
ratios and other incompatible element ratios with 
decreasing MgO in E-MORB that cannot be accounted 
for by fractional crystallization. One important 
observation from the distribution of compositions (see 
figure) is the lack of primitive E-MORB compositions, 
especially at high K/Ti values. Clearly some of the 
spread in compostions results from mixing of enriched 
and depleted magmas but the origin of the enrichments 
is not clear. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We propose that the lack of primitive MgO 

compositions for the most enriched melts (mixing end-
member) may be a consequence of the generation of 
low MgO melts from pyroxenite heterogeneities in the 
deepest parts of the melting region under the EPR. 
Some of these enriched, evolved melts mix with 
shallower, more voluminous, relatively depleted 
peridotite melts via channelized melt transport. We 
present results from a 1D model for two-lithology 
pyroxenite and peridotite melting with thermal 
advection-diffusion and the latent heat budget for two-
component melting. We use this model to predict the 
range of possible primitive melt compositions available 
beneath the ridge including spatial constraints on the 
origin of E-MORB end-member melts. 

 

Is channelized magmatic flow a 
consequence of mantle 

heterogeneity? 
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Beneath mid-ocean ridges, mantle rock containing 
enclaves of recycled oceanic crust upwells and 
partially melts. The resulting magma then flows to the 
ridge through a network of high-porosity channels. The 
origin of these channels is not well understood. Using 
numerical models of coupled magma/mantle dynamics, 
we show that partially molten enclaves of recycled 
oceanic crust can nucleate channels.  

We base our models on conservations statements 
for mass, momentum, energy and composition. In our 
simulations, model rocks and magmas comprise two 
thermodynamic components. One of these components 
is more fusible than the other. To relate these 
components to temperature, pressure, melt fraction and 
phase composition, we use an idealized phase diagram. 
However, to do this we must assume thermodynamic 
equilibrium. In this context, we model enclaves of 
recycled oceanic crust within the mantle as discrete 
blobs enriched in the more fusible component.  

In our simulations, these enriched blobs deliver 
extra magma to the ambient melting regime. We show 
that this additional flux can initiate reactive 
channelization. Important parameters affecting 
channelization are the upwelling rate, blob size, degree 
of fusibility, latent heat, and thermal diffusivity. Using 
reasonable parameter values, our models predict that 
spatial variations in mantle petrology are a 
fundamental control on the pattern of melt extraction.  
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Basaltic rocks in subducted slabs transform to 

eclogite at depths >40 km via a series of dehydration 
reactions. The fluids released result in metasomatic 
alteration of the overlying mantle wedge and thus play 
a role in determining the composition of arc magmas. 
Eclogites preserved in the roots of orogenic belts 
represent basalt that has undergone similar dehydration 
reactions and therefore provide an opportunity to study 
the behaviour of trace elements during subduction.  

We are assessing the mobility of so-called “mobile” 
and “immobile” trace elements during eclogite facies 
metamorphism in subduction zones, focusing on 
eclogites now exposed in the Norwegian Caledonides. 
Arc magmatic rocks tend to show common depletions 
in high field-strength elements (HFSE, e.g. Nb, Zr, Ti) 
which are thought to remain in the slab. Our 
preliminary data suggest that many of the Norwegian 
eclogites retain MORB-like HFSE signatures, 
suggesting this is indeed the case. Furthermore, using 
the most immobile trace elements to constrain the 
tectonic setting of protoliths, we have been able to 
infer the relative mobilities of other trace elements (e.g. 
Ba, Th and Rb show strong deviations from expected 
abundances in MORB protoliths).  

Rutile (TiO2) is an almost ubiquitous accessory 
phase in Norwegian eclogites, and previous studies 
have suggested that it has a high affinity for Nb, V, Ta, 
W, U and Th. We are studying the mineral chemistry 
of rutile contained within these eclogites in order to 
assess its role in controlling the fluid composition, and 
ultimately the composition of arc magmatism. 
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As magma ascends and decompresses, volatile 

exsolution not only produces bubbles, but increases the 
liquidus temperature of the residual melt, resulting in 
an undercooling that can trigger crystallisation. In 
volcanic systems of intermediate composition, late-
stage crystallisation and vesiculation in the shallow 
conduit have been shown to exert a strong control on 
eruptive style. These processes may be similarly 
important during subsurface and surface transport of 
basaltic melts. In recent experiments we demonstrated 
that the lag between degassing and crystallisation is 
sufficiently short that crystallisation as a consequence 
of degassing can be expected to occur in the conduit, 
depending on ascent rates. Up to 35% volume crystals 
were observed to grow as a result of the degassing of 
<1 wt% water. Degassing-induced crystallisation 
therefore has the potential to rapidly and profoundly 
change magma rheology before and during eruption, 
and so have a strong influence on the eruptive style. 

The effects of degassing-induced crystallisation on 
rheology depend on crystal fraction, morphology and 
size distribution. Timescales of rheology changes also 
depend on crystal growth rates. Here we report on 
experiments designed to quantify these characteristics. 
We use a microscope with a heated stage to directly 
observe crystallisation events and record crystal 
growth at temperatures up to 1300 °C. Experiments are 
conducted on quenched (i.e. with near-eruptive volatile 
content) samples from Mt. Etna, Sicily, and recorded 
with time lapse imaging. From these images, crystal 
growth rates as a result of degassing are measured, and 
the crystal contents and morphologies determined. 
Comparing textures produced during degassing with 
those produced during cooling at different rates allows 
assessment of the contribution of degassing to textural 
evolution of the lava, and hence could provide a means 
of estimating the effect of degassing on magma 
rheology. 
 
 
 
 
 
 
 
 

Metal concentrations in volcanic 
glass record magma degassing 
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Magma degassing, a major driving force of 
volcanic eruptions, involves the exsolution and escape 
of volatile components from magma. Once the major 
volatiles such as H2O, CO2, SO2, H2S, and HCl start 
exsolving, minor and trace elements will partition into 
this gas phase. A major group of such volatile 
traceelements are metals and metalloids. These 
commonly form complexes with OH, S, Cl, and F but 
some are volatile at magmatic temperatures. The 
partitioning of these metals into the gas phase is the 
first step in the formation of magmatic ore deposits. 
Magma degassing can thus strip magma of metals, but 
it can also cause enrichments due to gas fluxing.  

Here, we show variation in metal concentrations 
around different gas pathways caused by magma 
degassing, as imaged by Synchrotron μXRF. Gas 
passes through magma in different ways, from the slow 
ascent of individual bubbles to rapid escape through 
fractures. Whilst a gas bubble may have sufficient time 
to equilibrate with the surrounding melt during its slow 
ascent and leave little trace of its passage, more rapid 
ascent can leave diffusion profiles, which, if quenched 
shortly after, can be used to track degassing processes 
and gas fluxes. Our data show that gas flow through 
open channels in a volcanic bomb from Lipari did not 
leave any trace. However, gas flow through a tuffisite 
vein from the 2009 eruption of Chaitén has increased 
metal concentrations up to 10 fold. Similarly, a banded 
obsidian from the same volcano displays variable 
enrichment and heterogeneity, indicating a complex 
interplay between degassing and deformation, and 
diffusional relaxation of these signatures.  

In conclusion, micro-scale metal heterogeneity in 
quenched glasses provides an exiting new tool to track 
and quantify degassing in magma. 
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hot-spot track? 
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Caldera-forming ignimbrite eruptions over 450 
km3, are known as ‘super-eruptions’ and represent 
some of the largest catastrophic events to affect the 
Earth’s surface. But how frequent are they? We are 
testing the idea that a single volcanic province can 
produce large numbers of these eruptions. The 3 well-
known eruptions from Yellowstone are just the latest 
of some 40+ previous large explosive eruptions from 
the Yellowstone hotspot in southern Idaho, yet we 
know astonishingly little about these older eruptions. 
The climax ('flare-up') of rhyolite volcanism seems to 
have been 12-8 Ma in the central Snake River Plain, 
and was characterized by unusually hot (c. 1000°C) 
ignimbrite-forming eruptions [1]. To determine the 
number and sizes of these giant eruptions we are 
investigating monotonous successions of un-mapped 
vast ignimbrites exposed at southern and northern 
margins of the plain. By dividing the successions into 
palaeosol-bound eruption-units, we plan to correlate 
individual ignimbrites between widely spaced (50-200 
km) mountain ranges using a combination of detailed 
field logging, Ar-Ar dating, and petrographic, 
geochemical, and palaeomagnetic characterisation 
(using both secular variation and reversals). 

By correlating between distant sections we hope to 
map-out distributions of each individual ignimbrite for 
the first time, and calculate the volume. We hope to 
reveal how the volumes and frequency of the super-
eruptions changed as the hotspot effectively tracked 
eastwards towards Yellowstone. These data will help 
distinguish between effects of thermal flux, crustal 
structure, and tectonics on magmatism in this active 
continental large igneous province, and should help 
improve estimates of the global frequency of super-
eruptions. 
 
[1] Branney, MJ, et al. 2008. ‘Snake River (SR)–type’ volcanism at 
the Yellowstone hotspot track. Bull Volcanol 70: 293-314 

 
 
 
 
 
 
 
 
 
 

The source of the accretionary 
lapilli found on ‘Eua, Tonga, the 

processes by which they were 
transported to a pelagic resting place 

and the local, regional and wider 
implications of their occurrence 

J.K. CUNNINGHAM1 
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Birkbeck, University of London, Malet Street, 
Bloomsbury, London WC1E 7HX 
(*jcunni1248@aol.com) 

Thin beds of accretionary lapilli containing altered 
glass of original mafic composition occur in deep 
water Middle Miocene (14 Ma) volcaniclastics on the 
island of ‘Eua, Tonga.  Terrestrial or shallow water 
biota are not found in the volcaniclastics.  Most 
accretionary lapilli form as a result of particle 
aggregation in explosive plume eruptions or in 
pyroclastic density currents.  The occurrence on ‘Eua 
requires both a source subaerial volcano and dispersal 
to a pelagic setting.  Potential sources are constrained 
to the Lau Ridge, which was separated from the 
ancestral Tonga/Lau Ridge in Late Miocene by a 
process of crustal dilation, combined with new crust 
formation.  An estimated distance of circa 80 km, 
made between a potential source and ‘Eua, was 
constrained by frontal arc basin seismostratigraphy.  
Dispersal of accretionary lapilli from source is 
normally restricted to a few, or a few tens of, 
kilometers, not exceeding 40 km, leaving an additional 
40 km to be explained.  The Tonga Ridge has acted as 
a microplate during the sundering process, but 
comprises a number of fault-bounded blocks.  Strike-
slip movement in a zone of block-bounding faults near 
‘Eua, post Middle Miocene (14 Ma) but pre ridge-
sundering, must have occurred in the Late Miocene.   
The net effect was to move ‘Eua away from the 
original source volcano by circa 40 km, thereby 
explaining: 

1) the anomalous present position of ‘Eua.  

2) dislocation of trends at the margin between the 
Tongatapu-‘Eua Block and Block A. 

3) how the apparent discrepancy between source 
volcanic edifice and ‘Eua arose. 

4) divergent trends as between some of the blocks 
in the central and southern part of the Ridge. 

The approach used may be of general application to 
palaeoenvironmental analysis since where accretionary 
lapilli occur, particularly in deep water, tight 
constraints are imposed on possible distances from 
source volcanic edifices. 
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 Ignimbrites are complex, multi-component 
deposits of pyroclastic denisty currents.  They are 
deposited incrementally during the sustained passage 
of a single particulate current, and may display a range 
of lithofacies that reflect variations in flow steadiness 
and material supplied at source. Field and modelling 
studies of these particulate currents and their deposits 
have been used to understand their behaviour, but our 
knowledge of how the pyroclasts are transported and 
deposited remains relatively limited.  Matters are 
further complicated by both syn- and post-depositional 
welding of the hot pyroclasts.   

 We have analysed an incipiently welded 
crystal-rich, pumice-poor ignimbrite from Skye, NW 
Scotland,. This ignimbrite is dominated by massive 
lapilli-tuff;  however, the detail of the transportation 
and deposition of the pyroclasts is unclear. The 
ignimbrite is up to 70% crystal by volume, and as 
magmas with ~55 vol. % crystal are thought to stall in 
the crust, the formation of these ignimbrites is difficult 
to explain.   

 In this study, we use X-ray micro computed 
tomography to investigate the fragile structures and 
fabrics preserved within the ignimbrites. This non-
destructive technique allows high-resolution imaging 
and quantification of the internal fabrics and the 
pyroclasts; providing new insight into transportation  
and deposition. We present qualitative and quantitative 
analysis of the tomography images, focussing here on 
3D structures that cannot be investigated using 
traditional methods. Through image analysis we have 
identified a number of important features within the 
ignimbrite.  We quantify the crystal size distribution 
and preferred orientations within different crystal 
populations, related to different horizons within the 
unit that cannot be indentified at the macro-scale.  We 
also identify previously unrecorded and extremely 
delicate internal structures preserved within bubbles.   

 The unique 3D perspective achieved using 
micro CT is the only way in which these structures can 
be quantified; and there are many applications in the 
field of volcanology. Ultimately our data will be used 
to develop a thermo-mechanical model of the 
behaviour of crystal-rich ignimbrites, and used to 
refine existing models of particle dominated flow.  

 

Pseudopillow fracture systems: 
Insights into cooling mechanisms 
and environments from lava flow 
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We present field observations of lava flow 

structures within the remarkably well-exposed flow 
front of a flow-banded trachyandesite lava at Djúpalón 
on the coast of the Snæfellsnes peninsula, west Iceland. 
New discoveries from this lava flow reveal additional 
scales of complexity in pseudopillow fractures and 
give an enhanced understanding of these fracture 
systems and their association with particular 
environments containing water, ice or snow. 

The flow interior is characterised by large 
curviplanar master fractures with many smaller 
subsidiary fractures perpendicular to them. Such 
structures have previously been called pseudopillows 
or pseudopillow fractures. They have been recognised 
in a range of lava compositions from basalt to dacite. 
We propose the term pseudopillow fracture systems to 
emphasise the consistent package of different fracture 
types that occur together. All documented occurrences 
of these fracture systems are in lavas that have 
interacted with some type of an additional coolant (i.e. 
water, ice, snow). Thusfar little has been understood 
about the formation mechanisms of these fractures and 
the reason for their association with particular 
environments. 

We identify three distinct types of master fracture 
on the basis of their fracture surface texture 
(fractography) and orientation in relation to flow 
banding; and two different types of subsidiary fractures 
based on their shape. Surface features used to identify 
fracture mechanisms include straight and curved chisel 
marks (or striae), cavitation dimples, river lines and 
rough and smooth fracture surface textures. Using 
these fracture surface features we infer that master 
fractures can form by both brittle and ductile fracture, 
whereas subsidiary fractures only form by brittle 
fracture. Glass very commonly occurs in association 
with pseudopillow fracture systems in the Djúpalón 
lava flow, providing evidence of rapid cooling during 
their formation. 
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The 2010 Eyjafjallajökull and 2011 Grimsvötn 

eruptions in Iceland resulted in costly air traffic 
disruption over Europe. In both instances the questions 
“How long will it last?” and “When will it end?” were 
asked, highlighting a need for further research into 
volcanic eruption durations and into devising means of 
forecasting their eventual end in near real-time.  

Using historic Icelandic eruptions with well-
defined start and end dates we describe the available 
data and assess the factors controlling eruption 
duration. Volcanic activity in Iceland is diverse and 
includes nearly all volcano types and eruption styles 
known on Earth. By separating the dataset into basaltic 
and non-basaltic activity and then further into eruptions 
characterised by purely explosive activity, purely 
effusive activity and a combination of the two (mixed 
eruptions), we found that the distribution of observed 
durations varies with the style of volcanic activity and 
is effected by the position of the volcano in relation to 
the actively spreading rift zone. For example, 57 % of 
basaltic eruptions from volcanoes situated inside the 
rift zone have lasted less than 10 days, whereas all 
basaltic eruptions outside of the active rift zone have 
lasted longer than 10 days. By fitting theoretical 
distributions to the data for a particular style of 
eruption or a certain volcano we are able to state the 
probability of durations equal to or greater than a 
specified time.  
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Fifty years ago the remote volcanic ocean island of 

Tristan da Cunha erupted.  Although this was the first 
recorded historical eruption, the volcano exhibits a 
complex and dynamic history, with numerous, often 
compositionally distinct, parasitic centres punctuating 
the large edifice.  However, the precise timing of 
differing styles of activity remains uncertain. 

Ar/Ar dating was applied to fifteen carefully 
selected samples to ascertain spatio-temporal 
relationships of recent volcanism, explore episodicity, 
and establish if the most recent summit activity post-
dated eruptions from parasitic centres lower on the 
flanks. 

The youngest dated lava flow was 3 ± 1 ka (1σ), 
although further stratigraphically younger deposits 
exist.  The oldest dated lava was 118 ± 4 ka (1σ).  
Large-scale sector collapse was constrained to a 13 kyr 
window.  No systematic relationship between the new 
temporal framework, vent location and eruptive 
compositions was found.  Further, summit and parasitic 
activity on the flanks of the volcano are shown to 
overlap in time.  A summit eruption has very different 
hazard implications to localized coastal lava flows, due 
partly to the steep slopes (20-30°) and deeply incised 
gulches capable of rapidly channelling eruptive 
products towards inhabited coastal areas. 

Although magmatic flux has been inferred to be 
relatively low, Tristan da Cunha is capable of relatively 
frequent eruptions from a wide variety of locations 
across a broad range of compositions.  The random 
distribution and compositions of eruptive material 
suggests that the plumbing system beneath Tristan 
resembles small pockets of magma that source rapidly 
from depth. 
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Volcán de Colima, México (19°30’45”N, 
103°37’W; 3860 m a.s.l.) is a persistently active 
andesitic stratovolcano located on the western edge of 
the Trans-Mexican Volcanic Belt. Regarded as the 
most active volcano in Méxican history, the current 
eruptive phase began in late 1997 with a seismic crisis 
and shortening of geodetic lines around the edifice, 
followed by lava dome growth and flows in 1998. 
Whilst small explosive and effusive eruptions are 
commonplace, major explosive Plinian events occurred 
in 1611, 1818 and 1913. 

The recently-developed UV camera can yield high 
temporal resolution (1–3 Hz) images of SO2 degassing 
sources. These data can be integrated into and 
compared with with other geophysical data. For the 
mildy explosive activity typical of Colima at present, 
the ability of the UV camera to measure immediately 
above the emission source nearly eliminates the effects 
of eddy development, which can bias measurements 
made by narrow field-of-view spectrometers (i.e., 
COSPEC, Flyspec, DOAS). 

Between September and December 2011, high 
temporal resolution SO2 degassing data were collected 
from several locations around Colima using two 
EnviCAM 1 UV cameras. This dual camera method, 
utilizing filters centered at 310 and 328 nm, enables the 
investigation and modelling of variations in gas output 
on minute-hour-day timescales. The preliminary results 
from this study will be presented, illustrating the value 
of this technique for integrated multiparameter studies 
of active volcanoes. 

 

 

 

 

 

 

 

 

 

When the levee breaks: new views on 
well known bands 
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Ignimbrites, lahar deposits and turbidites all have 

stratification defined by variable grading.  Grading-
stratified layers (see figure) form a distinct division of 
‘event deposits’, typically just above a thin basal division 
attributed to deposition from the current head and below 
a thick massive division attributed to deposition during 
waning flow, from the current ‘tail’.   

 
The stratification is similar in both wet and dry 

(dusty) systems, in both slightly and extremely 
polydisperse flows, and in free-surface, confined and 
density-stratified flows.  Depositional unsteadiness is 
implicit: it is required to capture graded divisions.  
Stepwise aggradation, with ‘freezing’ of successive 
shearing layers capturing granular segregation that 
developed at the current base has been invoked, but it is 
not clear how this may be accomplished.   

Field evidence indicates remarkable regularity of 
fluctuations in depositional conditions, which tends to 
suggest influence of travelling waves.  Such waves could 
arise spontaneously by deposition-locking and/or be 
driven by fluctuations of pressure and/or shear from 
above, as with roll waves.  Field and experimental 
evidence concerning levee and channel formation, and 
channelized flow, will be used to explore the 
possibilities. 
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Cloud cover prevents many observations at active 

volcanoes Soufrière Hills Volcano, where the ability to 
understand where and how fast the lava dome is 
growing impinges on hazard analysis. Over the last 11 
years we have designed, built and tested a new type of 
radar instrument to overcome this problem: AVTIS 
(All-weather Volcano Topography Imaging Sensor). 
This is a dual-mode, millimetre wave instrument which 
can image the volcano by both actively ranging to the 
volcano surface to retrieve the topography and by 
passively sensing the surface temperature. The 
prototype, AVTIS-1, was deployed as a tripod-
mounted rover instrument in 2004, 2005, 2006 and 
2008 and we showed that we could measure 
topography and topographic change at distances up to 
about 7 km from the volcano with uncertainties of a 
few metres and could measure temperatures to within ~ 
5K. The dome growth of 2005-6 was measured during 
two campaigns in which we estimated the lava flux rate 
and the partitioning of lava into dome, talus and 
pyroclastic flows using AVTIS and rockfall seismicity. 
We also demonstrated the superiority of millimetre 
thermal imaging over IR imaging in heavy cloud. After 
2008 two new instruments (AVTIS-2 and AVTIS-3) 
were built and deployed in 2011. Both instruments 
have much faster scan times, improved signal quality 
and are capable of more on-board processing compared 
to AVTIS-1. AVTIS-2 is another rover instrument 
available to be deployed to separate viewpoints 
depending on the location of activity. AVTIS-3 is a 
permanent monument-based instrument that can make 
near-continuous measurements from beneath a radome. 
We are also exploring how to exploit the ability of the 
instruments to measure rockfall motion (via Doppler 
measurements) and rain rate via signal attenuation. The 
former helps to locate the current position of lava 
extrusion and the latter offers a way to monitor very 
heavy rainfall events that might cause dome collapse or 
trigger lahars.  
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An inherent challenge for all studies of magmatic 
volaitles is determining original magmatic signatures 
versus atmosphere-derived contaminants, which might 
include rocks rich in atmospheric gases, such as clay 
minerals, or deep percolating ground waters. 
Contamination could occur during transport through 
the crust or during and after eruption onto the seafloor. 
This challenge is all the greater for subduction-related 
magma because high, intrinsic H2O content promotes 
the loss of other volatiles. Since most studies target 
mantle sources and processes, samples dominated by 
contaminant contributions are usually avoided. This 
results in gaps in our knowledge about melt transport 
and melt-crust interaction. 

Extreme degassing of basaltic glasses from the 
Northern Tonga Arc means that there has been strong 
contamination by non radiogenic noble gases, 
isotopically similar to atmospheric gas. However, the 
results cannot be accounted for only by mixing 
between air and mantle sources. Such mixing would 
result in 40Ar/36Ar ratios > 40Ar/36Arair (=296.5), 
whereas these samples have 40Ar/36Ar as low as 280. 
Some other process or processes have fractionated Ne 
and Ar isotopes of the gases trapped in the vesicles. 
There are strong correlations of noble gas isotopic 
ratios, in each case showing enrichment in the heavier 
isotope. Fractionation of Ar from Ne is also apparent, 
again demonstrating enrichment of heavier isotopes. 

Variations in noble gas isotope ratios correlate with 
gas content suggesting that the vesicle components 
record progressive enrichment in heavy isotopes as 
noble gases diffused out of the melt during eruption. 
The most Ar-rich melts had 40Ar/36Ar less than air prior 
to this diffusive degassing. We interpret this to reflect 
enrichment of the melt in light isotopes during noble 
gas diffusion into the melt; prior to eruptive degassing. 
The source of this gas could be atmospheric gases 
hosted in altered crustal rocks or fluids that were 
liberated in the proximity of stored or migrating 
magma. 
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Surges and block-and-ash flows (BAF) are two 
eruptive styles generated from destruction of silicic 
lava domes. Yet, the highly explosive nature of the 
surges contrasts with the mildly-explosive valley-
channelled emplacement of the BAFs. The occurrence 
of either eruptive styles, and the associated differences 
in risk assessment has been sadly illustrated at Mt 
Pelée in 1902. This rises the questioning of the reasons 
for dome explosivity. 

Decompression experiments have been conducted 
to simulate magma ascent in the volcanic conduit, in 
order to infer magma ascent rates and conditions 
through syn-eruptive melt crystallization. The starting 
material is Mt Pelée rhyolitic interstitial melt (76-77 
wt. % SiO2) and the experiments consisted in three 
consecutive steps: melt hydration (850°C, 200 MPa, 
H2O saturation), isothermal decompression (Pf of 5-10 
MPa; rate from 0.003 to 25 MPa/min), and annealing at 
Pf (up to 15 days). Two samples were cooled by 25°C 
and 50°C at Pf. The experiments generated three types 
of crystals: pre-, syn-, and post-decompression. 

The relations between the decompression 
conditions and the textural/compositional 
characteristics of the plagioclase crystals have been 
used to infer Mt Pelée eruption dynamics. The results 
suggest that dome and BAF magmas ascend within 
more than 4-5 days, giving time for syn-decompression 
crystallization around pre-existent microlites. In 
contrast, surge magmas rapidly ascend within less than 
~4 days, without significantly crystallizing during 
ascent. Plagioclase crystallization massively occurs at 
very shallow depth, forcing gases to pressurize and 
magma to violently fragment. The extent and violence 
of dome destruction may depend on the size/age of the 
dome, with large/old domes favouring mildly-
explosive BAFs, whereas small/young protodomes 
may generate highly-explosive surges. 
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Volcanic ash ejected during two of the largest 
eruptions in the Quaternary, the Younger Toba Tuff 
(YTT) and the Whakamaru eruption, was dispersed 
over wide areas. The ~ 74 ka YTT eruption, Toba, 
Indonesia deposited ash west over the Bay of Bengal 
and the Indian subcontinent; and the ~ 340 ka 
Whakamaru eruption from the Taupo Volcanic Zone, 
New Zealand, deposited the Rangitawa Tephra, 
dominantly to the southeast.  

Ultra-distal terrestrial exposures of YTT were 
investigated at two localities in India (Middle Son and 
Jurreru), >2000 km from the source.  A ~ 4 cm thick 
basal ‘primary’ ashfall unit is observed and followed 
by up to ~3 m of reworked ash.  Exposures of 
Rangitawa Tephra on the Chatham Islands, >900 km 
from source, are ~15–30 cm thick. These ultra-distal 
deposits characterized by fine and very-fine ash (high 
PM10 fractions).   

Glass chemistry, stratigraphy and grain-size data 
for these distal tephra deposits are presented with 
comparisons of their correlation and dispersal.  Using 
field observations, ash transport and deposition were 
modeled for both eruptions using a semi-analytical 
model (HAZMAP), with assumptions concerning 
average wind direction and strength, column shape and 
vent size.  Model outputs provide new insights into 
eruption dynamics and better estimates of tephra 
fallout volumes. Modeling based on observed YTT 
distal tephra thicknesses indicate deposition from a 
relatively low (<40 km), very turbulent eruption 
column, consistent with a broad co-ignimbrite cloud.  
Similarly, the model suggests the Whakamaru distal 
ash was dispersed by a Plinian column (~45 km), with 
dispersal to the southeast by strong prevailing winds. 
However, the more proximal tephra deposits (~200 km 
from source) can be replicated in the modeling by co-
ignimbrite deposition. The models suggest the fallout 
volume of the Toba and Whakamaru supereruptions 
was ~1500 km3 and ~500 km3 of magma (total 
volumes, including proximal PDC deposits, of 2500 
km3 and 1500 km3), respectively. The widespread 
dispersal of large volumes of fine ash from both 
eruptions may have had global environmental 
consequences.  
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Ash aggregates form during explosive volcanic 

eruptions and are found in volcanic deposits 
worldwide. They consist of pyroclastic material that 
has stuck together, forming spherical to ellipsoidal 
shapes, with diameters ranging from millimetres to a 
couple of centimetres. They can be classified into 
different types according to variations in their internal 
structure.  

Volcanic ash is hazardous to people, animals, 
buildings, vegetation and the environment. Ash 
aggregation can result in the premature deposition of 
fine ash from volcanic ash clouds. Understanding more 
about ash aggregation may have environmental 
implications and may aid the improvement of tephra 
fallout models. Studying ash aggregates can help in our 
understanding of volcanic process and with the 
identification of volcanic deposits.   

This work summarises one aspect of a masters 
research project which investigated the 
microstratigraphy and mode of growth of ash 
aggregates. It builds on a recent model by Brown et al. 
(2010).  Ash aggregates from a tuff ring have been 
studied and an interpretation is provided for their mode 
of growth. 

One eruption unit from a tuff ring located in SW 
Tenerife shows an upward transition from accretionary 
lapilli to coated pellets to ash pellets. The accretionary 
lapilli and coated pellets are in an ignimbrite and the 
overlying ash pellets make up a fall deposit. The 
following sequence; cores of accretionary lapilli - cores 
of coated pellets - ash pellets, is normally graded.  

It is suggested that a phreatomagmatic eruption 
initially produced an ash cloud. Water helped ash stick 
together and ash pellets formed. As time passed the ash 
cloud became unstable and collapsed to form a 
pyroclastic density current. The ash pellets were 
incorporated into the pyroclastic density current, where 
they evolved into accretionary lapilli and coated 
pellets. The normally graded sequence results from the 
ash cloud waning with time. 
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   Cyclic behaviour is a well-documented feature of 
many dome-building eruptions, and has been identified 
at Soufrière Hills Volcano (SHV) on a variety of 
timescales.  Multiple periodicities are manifest in a 
number of geophysical datasets, including ground 
deformation and seismicity. However, the 
discontinuous nature of SO2 measurements during the 
early stages of the SHV eruption precluded detailed 
quantitative analysis. This study aims to build on 
existing models of eruption cyclicity, using high 
resolution SO2 fluxes to incorporate the degassing 
regime. 

Timeseries analysis has been applied to the SO2 
flux from SHV over a period of continuous daily 
DOAS sampling from 2002-2011. This time period 
spans several pause and extrusive phases, allowing 
consideration of both long-term trends and variations 
within a single eruptive mode. Spectral multi-taper 
methods provide a means of quantitatively determining 
periodic components in a dataset characterised by a 
low signal-to-noise ratio. A fitted statistical red noise 
model has been used to guide interpretations. 
   Initial results show broad agreement with recognised 
cycles in other datasets, as well as revealing the 
presence of possible additional periodicities at 
previously unidentified frequencies. A component of 
temporal variation in the frequency distribution of SO2 
cycles is also evident from spectrogram interpretation. 

Integration of these preliminary findings with other 
physical datasets may provide significant insights into 
the mechanisms governing periodic behaviour in 
dome-building volcanic systems. 
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Fluctuating styles of behaviour are common in 

basaltic monogenetic volcanoes. These varying styles 
range from mildly explosive Strombolian and 
Hawaiian styles, to intense phreatomagmatic maar-
forming eruptions. They are often due to a number of 
interacting factors including changing magma rise 
rates, inadequate aquifer recharge rate and episodic 
damage and occlusion of porosity and then recovery. 
Many phreatomagmatic eruptions appear to dry-out 
over the course of their eruption due to decreasing 
water supply, while others show the reverse behaviour 
and some fluctuate between wet and dry phases. It is 
important to understand the nature of hazards 
associated with these types of volcanoes as many 
monogenetic basaltic volcanic fields lie in populated 
areas. Tower Hill Volcanic Complex in the Newer 
Volcanics Province of southeast Australia is a maar-
cone complex which has displayed many fluctuations 
from wet to dry eruptive styles over its history. A 
statistical Markov chain analysis of the deposits of the 
maar rim has revealed a cyclical pattern of behaviour. 
Cycles have been identified based on transitions 
between lithofacies representing “wet” 
phreatomagmatic styles, “dry” phreatomagmatic styles 
and “dry” magmatic styles. Two types of cycles have 
been identified; “drying” cycles, which represent a 
decrease in water to magma ratios, and “wetting” 
cycles, representing an increase in water to magma 
ratios. The nature of this cyclicity appears to change 
over the course of the eruption. Initially, progressive 
“wetting” of the system coupled with rapid “drying” is 
dominant, whereas the reverse, progressive “drying” 
and more rapid “wetting” becomes dominant later in 
the eruptive history. This is probably due to changing 
magma rise rates and systematic damage and repair of 
aquifer porosity in the early eruptive history and then a 
stronger influence from inadequate aquifer recharge 
later. Cyclical behaviour is important to recognise in 
the eruptive history of basaltic monogenetic volcanoes 
because changing styles of eruption can have 
significant consequences for hazard assessment of 
future eruptions. 
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Throughout the Karoo Basin, South Africa, there 

are abundant tuffs intercalated with late Permian 
siliciclastic strata. The volcanic arc that sourced the 
tuffs does not crop out in present day, and there is no 
evidence of volcanic vents in southern Africa until the 
late Triassic. This study relates ash geochemistry to 
volcanic provenance and likely tectonic setting, 
providing evidence to aid the interpretation of the 
sedimentary basin-fill and subsidence history. 

A comprehensive and targeted geochemical 
analysis through a single stratigraphic succession has 
been undertaken at Bloukranz Pass, near Calvinia, 
which provides excellent exposures of the mud-rich 
Tierberg Fm (Tanqua depocentre, Karoo Basin) and the 
interbedded tuffs.  Geochemical analysis has classified 
the tuffs as dacitic in composition, which is 
comparable to previous spot-sample analyses of Late 
Palaeozoic tuffs around southern South Africa and 
other Palaeozoic basins of Gondwana. A distal 
volcanic source is inferred, most likely located along a 
volcanic arc at the Panthalassan margin of 
Gondwanaland to the south (palaeowest) of the Cape 
Fold Belt. The volcanic provenance, and timing of 
volcanism and basin subsidence, are constrained by 
high precision.U-Pb radiometric dates for the tuffs.   
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A first-order task when interpreting pyroclastic 
successions is to distinguish individual eruption-units 
(the deposit of a single eruption), and then to correlate 
these between widely spaced exposures. Even high-
resolution radiometric dating (e.g. Ar-Ar) commonly 
has insufficient resolution to correlate eruption-units, 
because more than one eruption occurred during the 
time spanned by error-bars. This problem can be acute 
in the absence of distinctive fallout layers, which 
normally provide the best basis for correlations. 

Palaeomagnetism provides an excellent tool to help 
distinguish and correlate eruption-units across 100s of 
km. We are exploring this potential by application to 
the abundant rhyolitic welded ignimbrites of the central 
Snake River Plain in Idaho, USA [1]. We logged 
vertical successions of ignimbrites at individual 
locations, recording palaeosol horizons (which record 
repose periods), and drilled over 300 cores. 
Demagnetisation of orientated cores with alternating-
field (AF) and thermal techniques demonstrate linear 
trends to the origin. Our data show that the ignimbrites 
were emplaced and welded above the Curie 
temperature of the magnetic phases. Fold tests on 
rheomorphic folds show that, even folds near the top of 
an ignimbrite occurred above the Curie temperature. 
Nevertheless, samples are best taken from basal parts 
of units, as a hot ignimbrite can thermally reset the 
magnetisation in the upper part of the subjacent unit. 
Palaeomagnetic characterisation of the ignimbrites 
includes normal, transitional or reversed polarity and 
secular variations, and will be interpreted alongside our 
new chemical, mineralogical and high-resolution Ar-
Ar data. 

 
[1] Branney, MJ, et al. 2008. ‘Snake River (SR)–type’ volcanism at the 
Yellowstone hotspot track: distinctive products from unusual high-
temperature silicic super-eruptions. Bull Volcanol 70: 293-314. 
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Large-scale sill emplacement into organic-rich 

sediments (coal, shale), and the subsequent massive 
release of CO2 and CH4, have been linked to global 
environmental change, including ocean anoxic events 
and mass extinctions. Dolerite sills form an important 
component of the British Hebridean Province, part of 
the North Atlantic Igneous Province which was coeval 
with the Palaeocene-Eocene Thermal Maximum.  We 
have undertaken a detailed study (whole-rock major 
and trace elements, total organic content (TOC), δ13C, 
RockEval and DTA) of a 60-cm wide thermal aureole 
in Portree Shales, adjacent to a 10-m thick dolerite sill 
in N. Skye.  TOC is low immediately next to the 
contact, increasing to a peak of 8% at 26 cm, before 
decreasing again to 5% at 45 cm below contact. The 
peak in TOC is accompanied by a regular decrease in 
δ13C from –25.5 to –27‰.  Molybdenum shows no 
systematic change across the profile, suggesting that 
the peak in TOC and the negative isotope excursion are 
not due to variations in the original composition of the 
shale.  Rather, we interpret it as a condensation front, 
with lighter hydrocarbons being driven from the 
immediate contact and condensing in the distal, cooler 
regions, a suggestion corroborated by the RockEval 
data. DTA runs in air show strong exothermic reactions 
at 600°, indicating that intrusion in an oxidative 
environment could lead to thermally-self sustaining 
burn and loss of C, whereas DTA runs under nitrogen 
are thermally neutral, and the net loss of C is 
significantly less. The results imply that at least for the 
studied system, whilst C is mobilised in the immediate 
contact zone, subsequent condensation suggests that 
there would have been  only minor net release of C 
from the system. 
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Both recent Icelandic eruptions deposited tephra in 

the UK, despite different compositions, styles and 
weather conditions.  The Grímsvötn 2011 eruption had 
a larger plume (20 km vs 10 km) and a shorter duration 
(7 days vs 43 days) than Eyjafjallajökull 2010, but 
wind conditions meant that tephra was only transported 
to the UK during a very narrow time window. 

Analysis of samples from rain gauges found that 
tephra from both explosive phases (14-17th April, 5-7 
May) of the Eyjafjallajökull eruption was deposited at 
all latitudes within the UK, with the majority coming 
during the first phase.  The modal grainsize was 25 
microns, but highly-vesicular grains up to 100 microns 
were also present.  The highest mass-loadings (up to 
7.5 x 105 shards per square metre) were in the 
northwest.  It is unclear whether these grains were 
deposited by rain, or in a dry state.  Air quality 
monitoring equipment did not detect any increase in 
PM10 particulate matter in the UK associated with the 
eruption. 

The distribution in the UK of Grímsvötn tephra was 
measured by a nationwide public sampling effort 
coordinated by the British Geological Survey.  Tephra 
was collected on sticky tape, which is cheap, but it is 
difficult to confidently identify tephra unless the mass-
loading is significant.  The results show that most 
deposition took place during rainfall, 48-70 hours after 
the onset of eruption, and was restricted to Scotland 
and further north.  Air quality monitoring data showed 
a single pulse of tephra passing over the country during 
this period.  Analysis of rainwater samples is ongoing, 
and is expected to extend the range over which tephra 
deposition can be confirmed and to allow estimation of 
mass-loading.  
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The Manda-Hararo rift segment in Afar (Ethiopia) 

has been undergoing a concentrated period of dyke 
injection, extension and volcanism since an initial 
fissure event in 2005. We present the results of detailed 
mapping, remote sensing, geochemistry and 
geochronology aimed at characterising the spatial and 
temporal distribution of volcanism in this rift segment. 
Constraining the extent, volume and architecture of 
volcanism from both central volcanic complexes and 
rift axial fissures is integral to the wider research 
themes encompassed by the Afar Rift Consortium that 
is investigating the interplay between tectonism and 
magmatism at the continental-oceanic crust transition. 

We establish the eruption history of the Manda-
Hararo rift segment at the scale of individual eruption 
units through the use of 3D visualisation and remote 
sensing data. These enable identification of the 
structures, textures and spectral signatures of volcanic 
complexes that can be combined with fieldwork to 
ground validate the composition, character and age of 
lavas. Results from these investigations show a spread 
of eruption sites, vent character, and young volcanic 
ages (<10 ka) dispersed throughout the segment 
suggesting that crustal accretion is not limited to the 
central spreading centre. This observation is similar to 
models of slow-spreading magmatic mid-ocean ridge 
(MOR) segments, in contrast to repetitive eruptions 
from central fissure vents in fast-spreading MORs. 
Linear basaltic fissure vents dominate the topographic 
rift axis whilst point source basaltic vents are located 
up to 7 km away from the rift axis. Off axis central 
volcanic complexes host the products of young 
eruptions that are up to 12 km from the centre. Detailed 
mapping of these units is combined with current 
models of subsurface melt bodies and plumbing 
systems deduced from magnetotelluric and seismic 
data to provide an insight into the evolution of 
magmatism and volcanism over time within the 
Manda-Hararo rift segment. This information will be 
used for hazard planning in combination with real time 
data provided by EVOSS (European Volcano 
Observatory Space Services) to the Geophysical 
Observatory in Addis Ababa.  
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Hjörleifshöfði is a small (~4 km2) isolated 
Quaternary outlier in southern Iceland. It sits in a large 
sandur plain formed by glacier melt water outwash 
following late Holocene subglacial activity at Katla 
volcano. Aggradation of outwash sediments turned 
Hjörleifshöfði from an island into part of the mainland. 
Detailed field mapping, logging and sampling of 
Hjörleifshöfði has allowed the recognition of thirteen 
lithofacies. Four depositional phases and one uplift 
event are recorded by the outlier. Phase one is the pre 
emergent phase of Surtseyan volcanism accompanying 
hyaloclastite material. Large syn-sedimentary listric 
faults dissect the deposits of phase one and may have 
acted as pathways for magma intrusion in the shallow 
subsurface. Phase 2 involved uplift, reworking (beach 
shoaling) and the emplacement of subaerial and 
subaqueous lava flows, fine grained vesicular tephra, 
basaltic spatter and hyaloclastite breccias. Subsequent 
Surtseyan pyroclastic activity and subsidence created a 
shallow marine succession of reworked volcaniclastic 
material (Phase 3). A second phase of effusive basalt 
volcanism and associated pyroclastic material (Fine 
grained, lithic rich partially quenched ignimbrites and 
thin (1-4m) accretionary lapilli tuff intervals) (Phase 4) 
cap the succession. Inward dipping beds, the location 
of basaltic spatter and the distribution of ballistically 
emplaced volcanic bombs constrain the location of the 
vent. The presence of large-scale sedimentary 
structures (e.g. 5 m scale cross-bedding) and the 
absence of extensive pillow lava complexes suggest a 
subglacial origin for the outlier is not supported. Future 
work will constrain the volcanic evolution of 
Hjörleifshöfði through geochemical provenance studies 
of basalt clasts in hyaloclastite deposits. Hjörleifshöfði 
has great potential for understanding the development 
of Surtseyan eruptions due to superb exposure and is 
an excellent example of the interaction between uplift, 
effusion and subsidence controlling facies architecture. 
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The Kalkarindgi flood basalts (previously the ‘Antrim’ 
volcanics) are important because they are the remnants 
of the world’s most ancient CFBP for which significant 
thicknesses of the lava succession still remain 
preserved. This 505-510 Ma CFBP now consists of 
scattered basaltic suites across northern and central 
Australia. Together, these suggest a minimum eruptive 
volume of c. 1.5 x105 km3, though this CFBP may have 
been at least 5 times this volume prior to erosion. The 
Kalkarindgi thus provides a unique opportunity to 
investigate Late Proterozoic – early Phanerozoic 
mantle dynamics and associated extrusive volcanism.  
 
Extensive, flat-lying lava flows in the Waterloo region 
of NT occur as low (~150 m) mesas rising from 
basement topography; the flanks of these features 
allow access to a detailed volcanostratigraphy. Lava 
flows are up to 60m thick, are predominantly sheet 
flows consisting of mostly aphanitic massive basalt 
with vesicular or brecciated/rubbly flow tops and, less 
commonly, plagioclase-phyric units. Interbedded with 
these are a series of laterally-restricted, mature 
arenaceous units (<10m), indicative of a mature 
continental setting. This succession is then overlain by 
a widespread, stromatolite-bearing limestone indicating 
that this region of the CFBP remained topographically 
low during syn- and post-eruptive times. 
 

The flow units are chemically distinct, thus 
providing a method for local flow-tracing, and the 
development of a preliminary chemostratigraphy. Units 
are predominantly evolved, low Ti-tholeiitic basaltic 
andesites and basaltic trachy-andesites, with relatively 
high K, Na and Si and low Ca and Ti. Most units are 
LREE enriched (La/Yb ~7.3) with slight negative Eu 
anomalies (Eu/Eu* ~0.8), and exhibiting flat HREE. 
The lavas also exhibit extreme crustal signatures with 
Th/Nb >1, enriched Pb, and depleted Sr. Importantly, 
this distinctive Low-Ti and incompatible element 
enriched geochemical signature is far removed from 
typical CFBP tholeiitic basalts, and implies significant 
crustal involvement during the genesis of the Waterloo, 
and the wider Kalkarindji, basalt stratigraphy. The high 
Si content, and low Ca and Ti content, is indicative of a 
high volatile content during crystallization. 
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This work explores the effect of heat transfer by 

boiling on the cooling rates of pyroclasts produced 
during hydromagmatic eruptions.  A numerical heat 
transfer model has been developed for spherical 
particles that combines intraparticle conduction with 
heat transfer from the particle surface by boiling water.  
This model is used to explore heat loss with time for a 
range of particle diameters.  The results are combined 
with estimates of time available for cooling in order to 
calculate the heat removed during the eruption. 

The results of this model are applied to a sample 
with the same particle size distribution as material 
recovered from the Icelandic Gjálp eruption which 
took place under the Vatnajökull ice cap in October 
1996.  The model calculation of heat removed during 
the eruption is relative to the local ambient temperature 
of meltwater in the ice cavity.  It may be adjusted to 
the ice melting temperature datum, to allow 
comparison with the values estimated for the Gjálp 
eruption that are reported in Gudmundsson et al. [1].  
The heat transfer model indicates that, relative to 0 °C, 
the sample transfers around 70% of its heat during the 
eruption.  This can be compared with 63-77% 
determined by heat balance calculations 
(Gudmundsson et al. 2004) based on volumes of ice 
melted.  

Although there are significant areas of uncertainty 
in the calculations, this model gives insight into the 
processes involved.  In particular, both incomplete heat 
transfer and elevated local cavity fluid temperature 
appear to limit heat removed during the eruption.  
Further work will focus on the effect of (1) non-
spherical particles, (2) uncertainty in the boiling heat 
transfer equations and (3) a drained but moist (steam-
filled) cavity compared with a flooded cavity. 

 
[1] Gudmundsson, M.T., Sigmundsson, F., Bjornsson, H. & 
Hognadottir, T. (2004).  The 1996 eruption at Gjálp, Vatnajökull ice 
cap, Iceland: efficiency of heat transfer, ice deformation and 
subglacial water pressure.  Bulletin of Volcanology 66, 46-65. 
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The Newry Igneous Complex (NIC) comprises 
three granodiorite plutons, together with a number of 
intermediate-ultramafic bodies at its northeastern 
margin.  The recent Tellus geophysical survey of 
Northern Ireland has  highlighted several anomalies 
within this area, including two previously unrecognised 
aeromagnetic ring-like structures within adjacent 
plutons.  U-Pb zircon age dating indicates that the 
complex was intruded over a ~5 Myr  interval from  c. 
414 – 409 Ma in the Early Devonian.  This age 
distribution closely corresponds to the observed 
geophysical anomalies, suggesting that these may 
represent different magma pulses.  We have collected 
new data relating to the structure, geochemistry and 
petrology of the Newry Complex in order to further 
constrain its emplacement. 

Structural data, including the results of an 
anisotropy of magnetic susceptibilty (AMS) study 
shows a concentric foliation, suggesting that doming 
occurred during emplacement.  We infer that the 
domed emplacement geomtery can be related to the 
concentric aeromagnetic rings. 

AMS results also provide data on magnetic 
lineations, which correspond to magma flow.  These 
results suggest that flow within much of the complex 
took place in a NE-SW orientation.  However, there are 
anomalous areas where lineations are both steep and 
irregularly trending, such as within the intermediate-
ultramafic bodies.  We infer that here magma wasn’t 
emplaced as a simple laccolith, and that the areas may 
represent feeder zones for the NIC, where magma 
flowed steeply from an underlying conduit. 

Additionally, analysis of initial strontium ratios has 
provided an indication as to the original source of the 
magma, suggesting that it was largely Upper Mantle-
derived  Future aims involve expanding on this 
geochemical approach by conducting Ar-Ar 
thermochronometry of samples across the three 
plutons.  This will aid in determining the cooling 
history of the complex, and hence the timing of 
crystallisation and fabric formation. 

Understanding 40Ar/39Ar age 
variations in basaltic lava flows 
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The 40Ar/39Ar technique is the only radiometric 

dating tool applicable to basaltic igneous rocks. It 
relies upon the assumption that the rapid cooling rates 
of lavas should be sufficient to close the 40Ar/39Ar 
system uniformly, preventing any loss or gain of argon 
from the lava during cooling. The age should therefore 
be independent of where the lava was sampled, but in 
practise this has been shown not to be the case.  

A pilot study using a suite of 11 samples from the 
Vestfirdir Peninsula, NW Iceland is presented. The 
40Ar/39Ar plateau ages from samples within one lava 
and one outcrop vary by up to 2.9 Ma, which is beyond 
what is geologically reasonable. The inverse isochron 
ages for the same samples are consistenly younger than 
the plateau ages, which may reflect the presence of 
small quantities of ‘excess argon’ or a contaminant 
with a mass of 36.  

In order to resolve the process (or processes) 
controlling this observed age variation within 
individual basaltic lava flows, we focus on the effects 
of characteristic features, inherent to individual lavas 
and large igneous provinces, on the argon age 
signature. 

As the diffusion of argon is stongly temperature 
dependent, the influence of successive lava 
emplacement on the underlying lavas  could be the key 
to understanding these variations. This will be 
investigated by modelling the thermal history of a suite 
of successive lava flows, using a series of multiple lava 
transects separated by interbed sediments of variable 
thicknesses. 

Other potential explanations being considered 
include (but are not restricted to): lava geochemistry 
(in particular the wt. % of K2O), lava emplacement 
environments (e.g. wet vs. arid), surface weathering 
effects, and the degree of degassing.  
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Previous studies of the seismic activity at Soufrière 

Hills Volcano (SHV), Montserrat, identified distinct 
families of seismic events. Their sources were 
constrained as being at similar depths, however, is this 
really the case, or is this a consequence of the velocity 
models used?  

This study aims to investigate the effect of model 
type on the estimation of seismic parameters for 
Soufrière Hills Volcano. 

Part of the study will involve forward modelling: 
entering hypothetical values for the source depth, the 
number of subsurface layers, the density of each layer, 
and so on into a model to predict the data that would be 
recorded by an array of seismometers on and around 
SHV. In this case the data set is in the form of 
synthetic seismograms generated by the model. 

The starting scenario for the forward modelling is a 
simple homogeneous 2-layer case going down to a 
Moho depth of 30 km, and with all of Montserrat 
Volcano Observatory’s  seismic stations, both current 
and historic, included in the model network array. 
Further iterations of the forward modelling are being 
run with one seismic parameter changed at a time and 
also different seismic array configurations.  

The impact of these changes on source depth 
determination will be studied during the inversion 
process: using the synthetic seismograms to evaluate 
different velocity models. The best model will be 
determined by comparison of the constrained source 
depths against the input values of the reference forward 
model.  
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We present a method to measure large scale (>~10 

m) topographic change using sets of interferograms.    
We use the phase shifts caused by differences between 
current and previous topography, represented by the 
Digital Elevation Model used in processing, to obtain 
change in height.  Unlike InSAR deformation 
measurements, which are generally on the scale of 
millimetres to centimetres, these height changes may 
be any magnitude above  ~10 m.   This may include 
topographic change caused by mass wasting events or 
the incremental emplacement of lavas at persistently 
active volcanoes.    

We measure changes in lava thickness at 
Santiaguito volcano, Guatemala, between 2000 and 
2009, and find a mean extrusion rate of 0.43 +/- 0.06 
m3s-1, which lies within error of the long term extrusion 
rate between 1922-2000.  Joint inversion for both 
topographic change and displacement allows us to 
make simultaneous measurements of lava thickness 
and subsidence.  The thickest and youngest parts of the 
Santiaguito flows are subsiding at a peak rate of about 
6 cmyr-1, with subsidence rate being proportional to 
lava thickness. 
 Taking the Santiaguito data as representative, we 
expect to be able to measure topographic change 
greater than ~10 m, given a minimum of 5 
interferograms. This method is likely to be most useful 
where other suitable data are sparse, as it 1) makes use 
of routinely acquired SAR data, rather than requiring a 
tailored acquisition strategy and 2) does not require 
imagery to be cloud free.  
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New developments in 3D visualisation software 

enable interrogation of volcanic architecture by 
analysis of surface morphology and composition. We 
apply this remote sensing approach using 
Geovisionary™ software to investigate volcano 
evolution in the Manda-Hararo rift segment, Afar, 
(Ethiopia) and compare this with the Syrtis Major 
volcanic complex on Mars.  

In Afar, extensive exposure and low erosion rates 
in arid conditions allow comparison to Mars using 
remote sensing data sets of similar resolution. We use 
this comparison to understand the evolution of the 
Syrtis Major low-angle basaltic shield volcano – an 
edifice measuring 1500 km by 1000 km, formed in the 
early Hesperian (3.7 – 3.0 Ga). The complex is capped 
by calderas containing evolved volcanic products. 
Extensional fault systems and fissures, probably 
resulting from lack of buttressing on its eastern side, 
are aligned to the NW-SE these are comparable in 
morphology to the central part of Afar’s Manda-Hararo 
rift segment. 

We present results of an initial field campaign at 
the Manda-Hararo rift segment. Oblique views of lava 
flow surface morphologies and cross-sections through 
successive lava flows reveal details of the relationships 
between lavas, topography and local structure. Most 
lavas in this rift segment are pāhoehoe, emplaced as 
inflating lobes. Lobes range in scale from 0.1 m to 10 
m wide and are typically 1.5 m thick. Cross-sectional 
surfaces, exposed in fault scarps, show interfingered 
lava flows that increase in thickness from ~ 1 to ~10 m 
down section. Intra-lava jointing ranging from 0.1-0.5 
m spacing was observed within the upper lava crust 
where exposed by fault scarps. Some very recent low 
volume (< 0.5 km3) rubbly pāhoehoe lavas occur at the 
rift axis. Distinct ‘a’ā lava flows  originating from 
Dabbahu volcano are faulted and interfingered with 
lavas from a rift axial source.  

Insights gained from the Manda-Hararo rift 
segment study will guide us in using Geovisonary™ to 
produce an architectural model of the evolution of the 
Syrtis Major complex, with the aid of high resolution 
Mars imaging, including data from the Mars 
Reconnaissance Orbiter spacecraft such as HiRISE and 
CTX (visual), and CRISM (hyperspectral IR).  
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In the last few years, there has been a rise in 

interest in resources of certain metallic elements used 
in new technologies –the ‘critical metals’. They 
include most of the rare earth and platinum group 
elements, as well as others such as niobium and 
tungsten. Many of these critical metals are found 
largely in igneous rocks, and are concentrated by a 
combination of magmatic and hydrothermal processes. 
In many cases, these processes remain poorly 
understood.  

We have focused on the rare earth elements (REE), 
and investigated the potential for concentrations of 
these in the UK. The highest contents that have been 
identified are in the alkaline igneous rocks of NW 
Scotland, most particularly in the Loch Loyal Syenite 
Complex. Previous work has shown that the REE are 
most enriched in mafic magmatic rocks in this area [1] 
and for this reason we have focused on the Cnoc nan 
Cuilean Intrusion at Loch Loyal. 

Detailed mapping has shown that the Cnoc nan 
Cuilean Intrusion comprises an earlier zone that is 
dominated by melasyenites with evidence of mixing 
and mingling; and a later body of massive 
leucosyenite. These zones have been modelled using 
GoCadTM to produce a 3D model of the intrusion, 
allowing us to understand its shape in detail.  

The melasyenites contain a number of accessory 
minerals, such as allanite and apatite, which are 
enriched in the REE. Both whole-rock and mineral 
chemistry indicate that these rocks have unusually high 
contents of the REE. Thorough field investigation has 
highlighted the presence of hydrothermal veins which 
have further concentrated these accessory minerals, 
giving localised near-economic enrichments.  

Careful study of magmatic processes is the key to 
understanding the origin of deposits of the critical 
metals. Cnoc nan Cuilean is just one example, but 
more work is needed in many areas to understand how 
these vital elements are concentrated.  

 
[1] Fowler et al., 2008. Petrogenesis of high Ba-Sr plutons from the 
Northern Highlands Terrane of the British Caledonian Province. 
Lithos, 105, 129-148. 
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The eruption of Soufrière Hills Volcano, 
Montserrat has been ongoing since 1995. The volcano 
is erupting a crystal-rich hornblende-plagioclase 
andesite with ubiquitous mafic inclusions. The eruption 
has comprised phases of dome growth lasting a few 
months to ~ 3.5 years, interrupted by periods of 
quiescence when active extrusion of the lava dome 
paused. The eruption is currently in the 5th pause 
period, which at the time of writing has lasted 20 
months. 

Mafic magma is a key driving force of the eruption, 
supplying heat and volatiles to the resident andesite in 
the magma chamber. As well as producing 
approximately 5-10% mafic inclusions [1] the magma 
mixing process involves incorporation of phenocrysts 
from the andesite into the mafic magma. These 
inherited phenocrysts show clear disequilibrium 
textures (e.g. sieved plagioclase rims and thermal 
breakdown rims on hornblende). Approximately 25% 
of all phenocrysts show these textures, indicating very 
extensive mass transfer between the two magma types. 

There is also chemical evidence that points to 
transfer of microlites or microphenocrysts, that initially 
formed in the mafic inclusions, into the andesite [2]. 
Mafic crystal clusters are also found adhered to the 
rims of phenocrysts with disequilibrium features. This 
combined evidence suggests that some of the mafic 
inclusions disaggregate during mingling and ascent, 
possibly due to shearing. This raises the question: 
What proportion of the andesite ‘groundmass’ actually 
originated in the mafic inclusions, and what therefore 
is the true amount of mafic magma in the system? 

We present a new method for quantifying the 
relative proportions of groundmass plagioclase derived 
from mafic and andesitic magma. Preliminary results 
indicate that a substantial part of the andesite 
‘groundmass’ is actually formed of crystals that belong 
genetically in the mafic inclusions. The method has the 
potential to allow tracking of the mafic fraction 
through time, and may also be able to yield insights 
into shear stress conditions during magma ascent in 
future. 

[1] Barclay et al. (2010). Geophys Res Lett 37, L00E09 
[2] Humphreys et al. (2009). Contrib Mineral Petrol 157, 609-624 
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This study focuses on an intermediate-ultramfic 
body, which we refer to here as the Seeconnell 
Complex (SC).  This crops out at the northeastern 
margin of the Newry Igneous Complex (NIC), within 
the constituent Rathfriland pluton.  Preliminary U-Pb 
radiometric dating indicates that the Newry Complex 
was intruded from c. 414 – 409 Ma in the Early 
Devonian, with the Seeconnell Body representing its 
oldest part.   

Across the Newry Complex flattened outward 
dipping fabrics indicate forceful emplacement of the 
three constituent plutons. However until now it has 
been difficult to determine whether fabrics in the 
Seeconnell Complex relate to this forceful 
emplacement, or to a more localised process operating 
within the body itself. Anisotropy of magnetic 
susceptibility (AMS) data can constrain weak mineral 
alignments that reveal subtle fabrics which cannot be 
observed in the field.  AMS fabrics from 30 oriented 
block samples from the SC reveal dominantly flattened 
fabrics that are in most cases parallel with those in the 
Rathfriland pluton. This suggests that the SC was 
deformed during forceful emplacement of the 
Rathfriland pluton, which is consistent with the body 
being the oldest part of the complex.  However because 
a lack of plastic strain in thin section indicates tha 
these fabrics are of a magmatic state deformation 
(magma or magma-mush) there must have been a 
relatively short time, perhaps even overlapping time, 
between the emplacement of the SC and the 
emplacement of the early parts of the Rathfriland 
pluton.  

AMS results also provide data on magnetic 
lineations, which correspond to magma flow.  
Lineations within the SC are predominantly steeply 
plunging, which suggests near-down dip magma flow.  
Occasionally lineations within the Seeconnell Complex 
are irregular, a phenomenon absent in the main 
Rathfriland Pluton. We therefore infer that the SC may 
represent an initial feeder zone for the NIC, where 
magma flowed steeply from an underlying conduit. 
The SC subsequently became partly deformed during 
the emplacement of the rest of the NIC. 
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Many areas of volcanology require detailed digital 
elevation models (DEMs) or surface models that are 
usually collected by expensive laser-based techniques, 
or by photogrammetric methods requiring expertise 
and specialist software. Here, we demonstrate an 
approach developed within the computer vision 
community that offers the potential for delivering 
accurate topographic data across a range of scales, with 
freely available software and little more than a 
consumer-grade digital camera. 

The technique is based on combining structure-
from-motion and multi-view stereo algorithms (SfM-
MVS) and can generate dense point clouds (millions of 
points) from multiple photographs of a scene taken 
from different positions. Processing is carried out by 
automated ‘reconstruction pipeline’ software 
downloadable from the internet, e.g. 
http://www.visual-experiments.com/demos/sfmtoolkit/. 

Such reconstructions are initally un-scaled and un-
oriented so additional software 
(http://www.lancs.ac.uk/staff/jamesm/software/sfm_ge
oref.htm) has been developed to permit scaling or full 
georeferencing. Although this step requires the 
presence of some control points or knowledge of scale 
within the scene, it does not have the relatively strict 
image acquisition and control requirements of 
traditional photogrammetry. For accuracy and to allow 
error analysis, georeferencing observations are made 
within the image set, rather than requiring difficult 
feature matching within the point cloud. 

Here, we demonstrate the reconstruction technique 
at two contrasting scales: a hand sample volcanic bomb 
(decimetres) and the summit of Piton de la Fournaise 
volcano (kilometres). For the hand sample, the SfM-
MVS reconstruction is compared with data acquired 
using a state-of-the-art Arius3d laser scanner and 
demonstrates an RMS difference of ~300μm. For Piton 
de la Fournaise, the reconstruction was compared with 
the results of a rigoruous close range photogrammetric 
approach, and show RMS differences of ~1 m. 
Consequently, although accuracies do not reach those 
of laser techniques (with some exceptions), valuable 
data can be derived with associated costs two to three 
orders of magnitude less than those of laser scanners. 

We demonstrate the utility of the approach for 
monitoring active volcanic features by sequential 
reconstructions of the dome at Volcán de Colima, 
Mexico. 
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The eruption records of volcanoes in the southern 

part of the Andean Southern Volcanic Zone (42.5–
45°S) are very poorly constrained, being limited to 
study of sparse road outcrops [1]. In this study, we 
further constrain the Holocene explosive eruption 
history around ~43°S by identifying and analysing 
tephra layers in a peat core from Cuesta Moraga, 
~35km east of Yanteles volcano. Cryptotephra 
extraction techniques [2] are employed to identify 
events that leave a non-visible layer, which are 
typically otherwise missed. 

We intend to analyse the geochemistry of the 
tephras by electron microprobe to infer their 
provenance, and constrain the age of each event by 
age-depth modelling using published peat radiocarbon 
dates from the same locality [3]. This new 
tephrostratigraphy improves our knowledge of the 
important history of explosive volcanism in this area, 
potnetially tying the tephrostratigraphies of 
surrounding areas, and allowing improved evaluation 
of regional volcanic risk. 

 
[1] Naranjo, J.A.., and C. R. Stern, 2004. Holocene  
tephrochronology of the southernmost part (42°30'-45°S) of the 
Andean Southern Volcanic Zone. Revista geológica de Chile, 31(2), 
p. 225-240. 
[2] Blockley, S.P.E., et al., 2005. A new and less destructive 
laboratory procedure for the physical separation of distal glass tephra 
shards from sediments. Quaternary Science Reviews, 24, p. 1952-
1960. 
[3] Heusser, C.J., et al., 1992. Paleoecology of late Quaterary 
deposits in Chiloé Continental, Chile. Revista Chilena de Historia 
Natural, 65, p. 235-245. 
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Volcanic rocks were formed all along the continen-

tal margin of East Greenland 60°–75°N during Tertiary 
stretching and breakup of the North Atlantic. They 
occur in the sedimentary basins both offshore and 
onshore, and the timing of the activity is important 
both for the understanding of the breakup process and 
for oil prospecting in the basins. Until now, very few 
igneous rocks in NE Greenland have been accurately 
dated. 

We have successfully dated 9 lavas and 7 intrusions 
from NE Greenland by the 40Ar/39Ar method. Most 
rocks are K-poor and difficult to date, but a high 
success rate was obtained by careful sample screening. 

The NE Greenland plateau lavas are divided into a 
Lower Plateau Lava Series (LPLS) of very depleted 
tholeiitic basalts and an Upper Plateau Lava Series 
(UPLS) of enriched tholeiitic and alkaline basalts. 
Eight lavas, including some from the lowermost part of 
the succession, have ages ranging from 55.51 ± 0.67 
Ma to 53.06 ± 0.66 Ma (2s), i.e. earliest Eocene; LPLS 
and UPLS have similar ages. One UPLS lava has a 
very good plateau but an older age of 56.5 Ma and 
must contain inherited argon. 

Three sills (Shannon, Bass Rock and Sabine Ø) and 
two dykes from Wollaston Forland and Bontekoe Ø 
have ages ranging from 53.99 ± 0.38 Ma to 51.28 ± 
1.20 Ma, i.e. contemporaneous with to younger than 
the lavas. They are compositionally similar to the 
LPLS. 

A felsite from the Kap Broer Ruys central complex 
on Hold With Hope has an age of 48.71 ± 0.51 Ma. 

A large sill of alkali basalt on Hvalrosø has an age 
of 20.32 ± 0.12 Ma, i.e. early Miocene. 

The volcanic activity in NE Greenland seems to 
have begun in the closing stage or immediately after 
the cessation of the main phase of volcanism in central 
East Greenland. The NE Greenland lavas are the 
youngest of the dated lava plateaus around the North 
Atlantic margins, but they may be contemporaneous 
with the volcanic succession on the conjugate Vøring 
Margin.  

The Miocene Hvalrosø sill is the youngest dated 
intrusion in East Greenland, and its chemical and 
isotopic composition indicates a different source, 
probably lithospheric mantle. We know of no other 
intrusive rocks of this age in the North Atlantic. 

A general younging of both lavas and intrusions 
from SE to central E to NE Greenland is now apparent. 

 

Understanding sill propagation 
through venting and feeding 

relationships, using 3D seismic data 
from the Norwegian Sea 

B.M. MANTON*1, J.A. CARTWRIGHT1 & A.C. KERR1 
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University, Main Building, Park Place, Cardiff, 
UK. CF10 3AT (*mantonbm@cf.ac.uk) 

 
Transgressive sills have been identified in 

numerous localities and at various scales, in field- and 
seismic-based studies. Transgression can be stepped or 
smooth, forming complete or incomplete bowl or 
saucer-shaped structures.  The source of the magma for 
each sill and then the direction that the magma 
propagates has been debated extensively in recent 
years.  However, a consensus has grown that sills 
propagate always horizontally or upwards. Here we use 
3D seismic data from the Norwegian continental 
margin to constrain sill propagation and flow 
directions. The studied sills are basaltic, and intruded 
mudstones of Cretaceous age in the NE Møre Basin at 
55 Ma. 3D seismic data is used to  determine flow 
directions from (1) feeding relationships between sills, 
(2) decreases in reflection strength (amplitude) towards 
the sill margins (indicating a thinning sill), (3) 
lineations in amplitude radiating from sill centres, (4) 
splitting and en echelon segmentation towards the sill 
margins, and (5) inflation indicators.  

We find that these indicators support the hypothesis 
of centrally fed sills. We find also that the shallowest 
points of many sills are either directly below 
hydrothermal vents or at feeder points to a sill above. 
These highest points are found along the inclined 
margins of sills and also as local highs. These 
observations indicate to us that feeding relationships 
and possibly venting behaviour exert a significant 
control on the geometry of sills.   
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Piton de la Fournaise volcano (La Réunion, 
France), erupts material texturally and mineralogically 
similar to that of Kilauea (Hawaii), and could be seen 
as a petrological and tectonic analogue to Hawaiian 
volcanism. Situated above the modern day expression 
of the Deccan Traps hotspot, it regularly erupts high-
temperature oceanite lavas from flank fissures, often 
with >20% volume olivine. This study concentrates on 
7 samples collected from one ancient and five modern 
lava flows, compared with previously synthesised data 
from Piton de la Fournaise and similar investigations 
into the Mauna Ulu lavas of Kilauea (Vinet & Higgins, 
2010). 

Crystal size distributions (CSDs) show at least two 
separate sources for olivine phenocrysts, with textural 
changes noted at 1.5 - 2.5 mm crystal size in all 
samples and again at 5.5 mm in modern samples. 
Geochemical analysis of the 2007 lava flow show the 
majority of large (>4 mm) and medium (1 – 4 mm) 
sized phenocrysts to be reverse-zoned indicating 
reheating during mobilisation. Across the three 
texturally distinct size groupings there is chemical 
homogeneity, implying that the processes operating 
during each eruptive episode are very similar. The 
reproducibility of the CSDs in the modern lava flows 
show a consistency within the magma system with 
little or no changes implied over the past 100 years; 
though fluctuations in modal abundance of olivine do 
occur, the populations themselves are remarkably 
reproducble. 

Samples from the older ‘Plaine des Sables’ area, 
with an age of eruption of >23,000 yrs, agree with the 
textural changes at a small scale (1 – 2 mm) but not at 
a larger scale (5 mm), indicating that over tens of 
thousands of years, the source of olivine in the magmas 
has evolved.  

Results gained in this study allow us to compare 
Piton de la Fournaise to Kiluaea, assessing the validity 
of the plumbing model proposed by Vinet & Higgins 
(2010) and how it can be applied to La Réunion.  
Analysis of an older sample suggests that over time 
scales of tens of thousands of years there may be 
significant variation in the olivine source, while 
modern samples show extreme similarity 

 

The origin and age of the Garian 
volcanic province, Libya 
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The Garian (Gharyan or Ghirian) volcanic province 

is situated approximately 100 km south of Tripoli, 
Libya. It covers 3,000-4,000 km2 and but rarely 
reaches more than a few 10’s metres thick.  Previous 
work has sub-divided the province into three distinct 
units; early plateau basalts, later basaltic flows that are 
associated with volcanic cones and volumetrically 
small phonolite-trachyte flows and intrusives. The 
existing K-Ar chronology suggests that volcanism has 
occurred sporadically since ~55 Ma. We are 
undertaking a detailed geochemical, isotopic and 
geochronological study of samples from all main units 
in order to elucidate the origin and evolution of the 
volcanism.  

The plateau lavas are typically sub-alkaline to 
alkaline olivine basalts (MgO = 48.6 to 52.7).  The late 
basalts range from basanitic to trachyte-basalt 
composition (MgO = 41.6 to 48.3) and have major 
element trends consistent with low pressure fractional 
crystallisation.  Incompatible trace element 
concentrations are high and both basalt types are 
LREE-enriched indicative of an OIB-like source. 
40Ar/39Ar ages of the (later?) basanite flows indicate 
eruption in the last 10 million years (n=7).  Dating of 
the earlier plateau-type basalt volcanism is ongoing. 

The phonolites have major and trace element 
compositions that support an origin from fractional 
crystallization of basanitic magmas. However, previous 
K-Ar age determinations put the phonolites at 38-41 
Ma, more than 30 million years earlier than the first 
appearance of basanites.  New high-precision 40Ar/39Ar 
ages of feldspar from phonolites from across the 
province range from 7.996 to 8.07 Ma indicating a very 
brief period of phonolite volcanism that overlaps the 
time of basanite volcanism.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Poster Abstracts - Research in Progress 

81 
 

High-Mg augite in Macquarie Island 
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High-Mg (Mg#>83) augite in gabbros and basalts is 
generally assumed to have formed by early, high-
pressure (4-10 Kbar) crystal fractionation in the 
parental magma. In many cases, it is difficult to 
imagine how such high-pressure phases could have 
been incorporated in gabbros or basaltic lavas that 
crystallized at relatively shallow depth.  

We present the results of a petrographic and 
mineral chemical study of selected samples of oceanic 
lower crustal olivine-gabbros from Macquarie Island, a 
fragment of oceanic crust and upper mantle formed at a 
slow-spreading centre at 9 Ma. These gabbros 
crystallized no deeper than 3 km below the ocean floor.  

We found abundant high-Mg (Mg# 84-88) augite, 
which occurs as a thin rim on plagioclase crystals, or, 
more commonly as a large oikocrystic phase (≤5 cm), 
enclosing plagioclase chadacrysts. Olivine is absent as 
an included phase in the oikocrysts, whereas it is an 
abundant phase outside the oikocrysts. Plagioclase 
inclusions are anhedral whereas plagioclase crystals 
outside of the oikocrysts are subhedral. Included 
plagioclase has a large compositional range (An 68-
84), in contrast to the more restricted range of matrix 
plagioclase in each sample.  The textures indicate that 
the high-Mg oikocrysts crystallized at low pressure as 
a late rather than an early fractionating phase. 

These relations between high-Mg augites and 
plagioclase and olivine are strikingly similar to those 
reported for gabbros from the Kane Megamullion 
(MAR) [1]. Our observations support the model 
proposed by Lissenberg & Dick, in which these high-
Mg augites formed by melt-rock reaction between 
olivine-bearing cumulates and percolating liquid at low 
pressure. The effect of melt-rock reactions is that the 
percolating melts, even when they are fairly evolved, 
acquire a ‘pseudo-primitive’ character via the 
dissolution of olivine from the gabbros as they cross 
the lower oceanic crust. 

We have, therefore, confirmed the importance of 
melt-rock reactions in oceanic lower crustal gabbros. 
This suggests that this process is much more common 
than generally thought. The implications are that some 
basalts erupting at the sea floor that resemble primitive 
liquids may really be evolved melts which reacted with 
primitive cumulates in the lower crust. This places 
limitations on studies that use primitive-looking basalts 
to infer melting processes in the mantle.  
 
[1] Lissenberg & Dick (2008), EPSL 271, 311-325 
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Ground deformation has proved to be a key 

component of successful volcano monitoring networks. 
In recent years satellite technology has revolutionised 
the methods and accuracy available for measuring 
ground deformation, but techniques still require 
ground-based site deployments exposing both 
personnel and equipment to hazardous environments. 
Interferometric synthetic aperture radar (InSAR) 
avoids such risks as it measures surface dispacements 
using satellite radar images. InSAR also provides an 
increased spatial resolution of ground deformation 
measurements compared to other methods such as 
GPS. 

InSAR has been used to study volcanic deformation 
in a wide variety of situations, providing information 
on both inter- and co-eruptive volume changes and 
source geometries. To increase the signal to noise ratio 
techniques have commonly been used which rely on 
information from pixels which remain coherent 
throughout the study. This is problematic in many 
areas, including Mt St Helens, where interferometric 
coherence is reduced by changes in ground surface 
properties (e.g. vegetation and steep slopes), and also 
by variations in path delays caused by tropospheric 
water vapour. Atmospheric limitations are commonly 
the limiting effect, causing path delays of > 20 cm, 
particularly when steep topography, such as a volcanic 
edifice, cuts through different layers of the stratified 
atmosphere.  

To overcome these limitations, new algorithms 
have been developed to measure fault related processes 
in areas of poor coherence and stratified water vapour. 
In this Research in Progress session, we will present 
data from the Cascades region, along with a 
quantitative analysis of the coherence and other error 
sources. This will enable us to select and adapt an 
appropriate algorithm to further analyse the surface 
deformation. 
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The Port a’ Chroinn area of Kerrera, NW Scotland, 

preserves a spectacular sequence of vent proximal 
pyroclastic rocks and lavas that record eruption from a 
volcanic fissure.  Here we present a detailed lithofacies 
architecture of the fissure and its associated pyroclastic 
deposits and lavas, and develop a model of the eruption 
sequence. 

The main fissure zone is represented by small cones 
and ramparts of spatter and scoriaceous breccia that 
represent vent proximal pyroclastic fall deposits.  The 
breccias are locally interbedded with basaltic-andesite 
’a’a lavas fed by the fissure.  Linear feeder dykes of 
coherent basaltic-andesite cut earlier deposits.  The 
breccias are poorly sorted and comprise twisted spatter 
rags, irregular clasts of vesicular to scoriaceous basalt, 
and rarer blocks of coherent lava.  Fluidal-shaped 
clasts drape the spatter and scoria and represent bombs.   

The fissure feeds blocky, prismatically-jointed 
basaltic andesite ’a’a lavas.  These lavas typically have 
basal and flow top breccias comprising variably 
vesicular clinker that grades into coherent crystalline 
cores with abundant deformed, aligned vesicles.  The 
breccia also includes accretionary lava balls with 
clinker cores.  In some flows the clinker is normally 
graded and records a transition from coherent lava 
blebs to rough, broken fragments.  Locally, the lavas 
display fluidal peperitic bases indicating that they were 
emplaced into unconsolidated, possibly wet, sediment. 
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Despite the ubiquity of monogenetic basaltic 

volcanoes on the planet, descriptions of ultra-proximal 
facies and subsequent interpretations of dynamic 
proximal processes are scarce. We present here 
research into dissected proximal basaltic vents of the 
~10km³ fissure-fed Ice Harbour flows, Columbia River 
Flood Basalt Province, US. These outcrops provide an 
opportunity to observe the proximal facies of a fissure 
eruption and gain an understanding of the early stages 
of volcanic activity. The first of these locations is a 
slice through a complex scoria cone. Its deposits 
include scoria fall deposits, pāhoehoe lavas, spatter and 
bomb beds. Slump surfaces and over-steepened 
bedding record failure of edifice. Intense 
palagonatisation of scoria in some layers has led 
previous workers to identify this volcano as a tuff ring, 
but positive evidence for this is lacking (e.g., 
emplacement by pyroclastic density current deposits, 
abundant fine ash layers and elevated proportions of 
accidental lithics). We infer that the cone was 
constructed entirely sub-aerially from predominantly 
magmatic eruptions. Alteration is inferred to be a post-
eruptive process.  

The second locality features  beds of pyroclastic 
deposits overlying a lava sheet lobe. The deposits 
comprise variably vesicular and inflated, glassy 
pyroclasts in a sedimentary matrix. The pyroclasts 
exhibit intriguing features that may result from passive 
water-quenching. This is cross-cut by a thick sheet of 
coarse spatter which thins and fines with distance from 
what we  infer to be a vent. Some of the pyroclasts 
possess a variety of sedimentary features and these 
have been interpreted to represent reworking events. 
Spatter-lined cavities within the underlying lava sheet 
lobe may represent partially collapsed conduits of 
rootless cones structures, suggesting interaction of lava 
flows with a wet substrate. Future work will aim to 
record detailed information on microscopic textures of 
the deposits, and return visits to the field will examine 
other similar outcrops of ultra-proximal facies. This 
study will feed into conceptual models of fissure 
eruptions, to help understand their variability and 
ascertain how their edifices develop through time.  
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The Ocean Basins adjacent to volcanic systems 
potentially preserve comprehensive records of the 
activity of those systems. Here we show that the record 
of volcanism preserved  in the eastern Mediterranean 
Sea both corroborates and enlarges the record of 
volcanic activity of Santorini, and allows age estimates 
for previously undated eruptions. Visible and crypto-
tephra layers were extracted from core LC21 in the 
Aegean Sea and geochemically analysed by EPMA and 
LA-ICP-MS or SIMS (for the smallest shards). The 
resulting tephrostratigraphy comprises 14 or 15 
eruptions; from the Santorini (9 eruptions), 
Kos/Yali/Nisyros (2 eruptions), Campanian (2 or 3 
eruptions) and Pantellerian (1 eruption) volcanic 
systems, dating from ~166.1ka to the present day.  In 
some instances (particularly for Santorini), this 
approach provides chronological and geochemical 
information not available from the proximal deposits 
alone. The chronological information could be used to 
define eruption rates, while some of the geochemical 
data differs from that in the proximal stratigraphies and 
remains unexplained. This study demonstrates how 
tephras preserved in marine cores can contribute to the 
reconstruction of both volcanic histories and, 
potentially, magmatic processes. This work was 
completed as part of the NERC RESET consortium. 
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The Las Cañadas volcano on Tenerife, Canary 

Islands, erupted explosively numerous times 
throughout the Late Quaternary Period. This resulted in 
the widespread deposition of large volumes of 
phonolitic pyroclastic material and formation of the 
Las Cañadas caldera. Despite considerable scientific 
interest in the island, little is known about the magma 
chamber processes immediately preceding these large 
Plinian eruptions. However, this information is 
essential for understanding the evolution of the Las 
Cañadas system, which represents a potential future 
hazard as a result of the ongoing felsic volcanism on 
the island. 

We have discovered a diverse suite of partially 
crystallised cumulate nodules within three units of the 
Bandas del Sur pyroclastic succession (La Caleta, Poris 
and Fasnia). This cumulate mush has been sourced 
from wherlite, clinopyroxenite, hornblende gabbro and 
syenitic layers, implying that there has been extensive 
sampling of the cumulate stratigraphy during each 
Plinian event. Nodules contain basaltic interstitial 
material between non-interlocking cumulate grains. 
This basalt is likely to represent the final liquid in 
contact with the cumulus phases prior to ejection from 
the magma reservoir.  

A detailed petrological and geochemical study was 
undertaken to examine the cumulus phases within the 
nodule suite. Commonly, clinopyroxene and 
plagioclase show oscillatory zoning, with a general 
reverse trend. This pattern is interpreted as representing 
the progressive crystallisation and recharge of the Las 
Cañadas magma chamber. A more surprising feature of 
the cumulus zonation is the presence of marked switch 
to a more felsic composition at the crystal rim in most 
of the crystals examined. This is mirrored in major- 
and trace-element transects, and as a step in trace 
element ratios such as Ti/Zr. We interpret this as 
evidence for an abrupt change in magma chemistry to a 
more evolved composition immediately prior to 
eruption. Such a large-scale chemical change may have 
served as a potential trigger for Plinian eruptions on 
Tenerife. A result of these eruptions is the successive 
caldera collapse events that have punctuated the 
development of the Las Cañadas edifice. 
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Silicic volcanic systems are of geophysical interest, 

and represent a significant hazard to humans. Their 
dynamics, however, are poorly understood. This is due 
to the complexity of these multi-phase systems that 
contain melt, crystallized solids, and exsolved gases. 
Direct observations of magma chambers are 
impossible, so we are generally limited to making 
inferences from products that reach the surface. We 
expect that various physical processes within the 
magma chamber have some control on the frequency, 
magnitude, and style of eruption.  

To develop new ideas about the dynamics of silicic 
magma chambers, we investigate the possible links 
between gas flow and eruptions. We perform analogue 
laboratory experiments, based on those originally run 
by Jaupart and Vergniolle (1988), but this time using a 
reservoir filled with a visco-elastic material – a mixture 
of water and polymer gel grains – to simulate a 
partially crystalline, silicic magma. The experimental 
set-up involves pumping compressed air into the base 
of our magma chamber, through an array of capillary 
tubes, and observing the style of gas transport 
generated. We control the flow rate, size of gel grains, 
and sold/liquid ratio. The relative importance of these 
experimental parameters allows us to create a 
theoretical model describing the behaviour we observe. 

 
Jaupart, C & Vergniolle, S, 1988, Laboratory models of Hawaiian 
and Strombolian eruptions, Nature 331, 58-60. 
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Many eruptions that occur from volcanoes in 
extensional stress fields pose a hazard to local and 
remote communities. By examining the patterns among 
commonly observed precursors, it may be possible to 
provide short-term forecasts for these eruptions. 
Volcano-tectonic (VT) seismicity is one of the most 
common precursors to be detected. The VT event rate 
tends initially to increase exponentially with time but 
to become faster than exponential (FTE) shortly before 
eruption. An FTE trend is thus a strong indicator that 
an eruption may be imminent. Previous studies have 
focused on volcanoes that had been in compressional 
stress fields before the onset of unrest. In these cases, 
the FTE trend tends to a hyperbolic increase (similar to 
an inverse-Omori trend) that may emerge 10-14 days 
before eruption. 

The general applicability of the precursory trends 
has been investigated using VT seismicity before flank 
eruptions on Mt Etna, in Sicily. Etna has flank 
eruptions at intervals of years and lies within an 
extensional stress field. Preliminary analyses of VT 
sequences between 1977 and 2008 indicate a 
preference (1) for initial exponential increases in event 
rate and (2) the appearance of FTE trends less than two 
days before eruption. Time periods have also been 
identified where increased rates of seismicity do not 
result in magma reaching the surface. In such cases the 
observed patterns are similar to those observed before 
eruptions. 

The exponential trend is related to magmatic 
pressure increasing the amount of damage around the 
volcanic feeding system. This appears to be common 
among volcanoes in all stress fields. The FTE trend is 
related to an enhanced connectivity of fractures in the 
feeding system that must occur before magma can 
reach the surface. This process appears to be more 
abrupt at volcanoes in extensional stress fields. The 
final mode of fracture growth may thus be sensitive to 
the external stress field, rather than to the 
magmatically-induced stresses alone. When increased 
rates do not result in an eruption a similar mechanism 
must occur, but in these cases part of the system 
prevents the complete connectivity of fractures 
between the source and surface. 
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Volcán de Colima is an andesitic stratovolcano in 
western Mexico. Its activity is thought to follow a 100-
year cycle, of intermittent explosive and effusive 
activity, culminating in a large Plinian eruption. This 
project focuses on the persistent intermittent explosive 
activity of Volcán de Colima and aims to distinguish 
between different types of events and to understand the 
underlying mechanisms responsible.  

Thermal imaging of volcanic plumes allows 
parameterisation and understanding of plume 
dynamics, thermal properties and their relationships. 
Volcanic plumes were imaged at Volcán de Colima 
from 2006- present, using a thermal camera. From a 
number of clear, well-focused thermal eruption 
sequences plume height, diameter and maximum 
temperature were measured in successive frames. This 
enabled calculation of ascent velocities, spreading 
rates, and cooling rates for the plumes through the 
initial ~100seconds of eruption.  

Preliminary observations reveal a spectrum of 
plume sizes and characteristics between end-member 
“large-impulsive” and “small-diffusive” examples. 
Most plumes comprised a convecting plume front fed 
by a steady feeder plume. Plume behaviour was 
divided into a lower “gas thrust” and an upper 
“buoyant thermal” region defined by ascent velocities. 

Continued study of plume characteristics and 
dynamics will offer the potential for comparison with 
existing laboratory and numerical plume models. 

Subsequent work will comprise comparison of 
thermal data with seismic and visual data, to study the 
relationship between seismic signals and the nature, 
frequency and duration of surface activity. 
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Continental Flood Basalts (CFBs) and associated 
volcanic rifted margins contain important information 
which can be used to help in our understanding of their 
evolution, how they effect their associated sedimentary 
basins, and the sub-basalt imaging problem. As we aim 
to unravel volcanic margins from a petroleum 
exploration perspective, detailed field studies of flood 
basalt provinces allow the characterisation of internal 
variation in terms of their detailed volcanology and 
facies architecture. In focused case studies this 
information can be used to understand the volcanic 
facies from a well and seismic perspective, and to 
provide detailed 3D geological Models to aid 
exploration problems. 

Mafic volcanism, which makes up the majority of 
preserved material, is characterised by flows 2-3 m to 
several 10s of meters thick, with ponded flows and 
occasional massive flow events of the order of 100 m 
thick. Although most flows are emplaced by the 
mechanism of passive inflation, a variety of different 
facies associations exist dependent on many factors 
including; flow volumes, distance from source, type of 
source, and flow composition. The largest silicic 
volcanic events are comparable in size to the largest 
recorded mafic events, however, they are potentially 
more catastrophic if erupted as ignimbrite flows. 
Facies, and facies associations identified in CFBs 
include: Simple-Classic flows, Compound Flows, 
Ponded flows, truncation-onlap volcanic 
disconformities, burial-onlap volcanic disconformities, 
prograding hyaloclastite facies, preserved shield 
volcanic features, and sill facies. 

Using examples of well constrained 3D geological 
earth models from the Skye Main Lave Series it is 
possible to work out lava stacking patterns and flow 
directions, volumes of different lava packages and how 
they have been influenced by faults. 3D models can 
also be of use in terms of rock property information 
such as density and velocity of key horizons in 
lavas/intrusions, known as intra-facies. Such intra-
facies maps allow geophysical interpretation of the 
behaviour of the igneous rocks which is of importance 
when exploring areas in offshore settings with 
significant flood basalt cover such as offshore North 
Atlantic Margin. The latest 3D models use laser 
scanning data to fully capture the lava flow facies from 
which complete 3D geological models.  
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The Loch Ba Caldera on the Isle of Mull, NW 

Scotland, preserves a 120 m thick sequence of 
Palaeogene silicic pyroclastic rocks and collapse 
breccias.  The caldera margin is marked by a ring-fault 
and extensive exposures of the Loch Ba Felsite, a 
mixed magma ring-dyke.  Here we present the first 
detailed account of the lithostratigraphy and 
architecture of the caldera fill.  Silicic explosive 
eruptions generated pyroclastic density currents that 
deposited a range of ignimbrite lithofacies (e.g. 
massive and diffuse stratified tuffs, lapilli-tuffs and 
breccias, and rheomorphic tuffs) as the caldera 
collapsed. Mesobreccias and rotated megablocks of 
country rock record catastrophic collapse of caldera 
walls.  Abrupt changes in ignimbrite lithofacies and 
lateral thickness changes are attributed to volcano-
tectonic faults and incremental collapse of the caldera.   

Five phases of eruption have been recognised in the 
caldera, although the products of earlier eruptive 
phases may not be exposed.  Phase 1 was marked by 
the emplacement of coarse massive lithic breccias that 
record a significant subsidence and/or high-energy vent 
clearing event.  Phase 2 comprised a sustained Plinian 
eruption that deposited pumiceous ignimbrites (tuffs 
and lapilli-tuffs).  The pyroclastic density currents 
were typically granular fluid-based and the ignimbrite 
lithofacies record complex waxing-waning cycles 
reflecting variations in mass flux.  Accretionary lapilli 
in the lapilli-tuffs indicate that ash pellets formed in 
moist convecting co-ignimbrite ash plumes, before 
falling through the density current and accreting ash 
rims.  Phase 3 is marked by the emplacement of 
rheomorphic tuffs and breccias, which record a  change 
to a sustained, low-fountaining “boil-over” eruption.  
Phases 4 and 5 record a similar cycle of Plinian and 
boil-over eruptions.  The ignimbrites are 
unconformably overlain by clast- to matrix-supported 
mesobreccias and inward rotated megablocks of basalt 
lava country rock, which suggest inward collapse of 
the caldera walls and margins. 

The ignimbrites display lateral thickness variations 
and locally, are displaced by volcano-tectonic faults 
against which they pond.  The rheomorphic ignimbrites 
display steep fabrics adjacent to faults indicating hot 
state deformation and syn-volcanic subsidence. 
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Cone sheets are an important feature of subvolcanic 

plumbing systems and a key element in volcano edifice 
reconstruction. However, some recent studies that have 
examined fabric data suggest that the traditional 
models for these systems may be over simplistic. We 
report detailed anisotropy of magnetic susceptibility 
(AMS) data of 261 samples taken from 6 cone sheets 
from the SE sector of the Ardnamurchan cone sheet 
swarm. Preliminary results reveal variable fabrics 
across individual sheets. In general there is no 
consistent fabric that unambiguously supports dip 
parallel magma flow emanating from the centre of the 
complex, which the traditional model requires. Some 
sheets reveal fabrics that suggest N-S trending flow 
and some seem to indicate NW directed flow.  
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In order to reduce the risk from a volcanic eruption 

the physical system is modelled, attempts are made to 
quantify uncertainties in predictions, and hazard maps 
to assist planning are drawn up. However, societal 
response also has a significant bearing on the outcome 
of a crisis and such responses can vary dramatically. 

To investigate what factors may influence people’s 
behaviours a comparative study was done on two 
Eastern Caribbean islands with contrasting eruptive 
histories. One island (St Vincent) has experienced 
activity within living memory whilst the other 
(Dominica) has not, but is showing signs of 
reawakening. Two phases of fieldwork – qualitative 
interviews followed by quantitative surveys – were 
used to draw out the respondents’ mental models of 
processes that might occur during an eruption, their 
perceived impact and hazard for the surrounding 
environment, and the influence of this on likely 
behaviour in a crisis. 

This revealed a number of ‘risky beliefs’ were 
prevalent in the surveyed sample; for example, ‘the 
scent of sulphur is poisonous and can kill you’, ‘all 
earthquakes are linked to volcanic activity’. It is 
recommended that such beliefs are tackled as a matter 
of urgency, as they could result in risky decisions 
being made either in the lead up to, or during, a 
volcanic crisis. However, this is a complex problem as 
some misconceptions could encourage risk-reducing 
behaviour. 

Survey data were also used to define characteristics 
of those more likely to hold these risky beliefs; island 
of residence, closely related to previous experience, 
was a significant predictor, as well as education level. 
Gender and age group were also useful predictors in a 
few cases. 

These findings have important implications for the 
communication of volcanic hazard and risk 
information. They illustrate the need to understand 
cultural and social contexts in order to effectively 
promote risk-reducing behaviour.  
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    The Open University started building virtual 

microscopes in 1993 when a team of Earth scientists 
and educational technologists joined together to push 
the boundaries in the teaching of petrology and optical 
microscopy. In the last two years we have produced 
several new systems that allow students to zoom, pan, 
and rotate thin section specimens in ppl, xpl and in 
some cases in reflected light, helping students to 
develop their classification and identification skills 
when they don’t have access to petrological 
microscopes.  

The virtual microscope is viewed via an internet 
browser window and requires no special software or 
high power computer graphics, indeed it even works on 
some mobile platforms [1]. We are exploring their use 
in distance learning and outreach, but also with 
students who have access to conventional slides of the 
same rocks during normal lab hours. 

Most of our work with the virtual microscope is in 
the field of education, not replacing conventional 
microscopes but offering adjunct or enhancement. In 
addition to collections for Open University courses, we 
have produced several collections including moon 
rocks, meteorites and rocks collected by Charles 
Darwin, which are available as a free on-line resource.  
In addition, we have just received funding from JISC 
to build a UK Virtual Microscope for Earth Science 
that will be accessible from any desktop PC, laptop or 
mobile platform. The intention is to excite students 
with access to a range of rocks in the British Isles, 
while teaching mineral and rock identification skills in 
HE institutions and schools where access to 
microscopes is limited. 

At the moment we plan three igneous teaching 
collections as part of the open access JISC project; 
Aberdeenshire Gabbros; The North Atlantic Igneous 
province including Skye granites, and SW England 
granites, and we are interested to hear from anyone 
with particularly good or complete thin section 
collections from these areas. 

We are also interested in exploring the use of 
virtual microscopes in research, both to increase 
communication in teams separated by distance, and in 
communicating research to a wider community. 
 
[1] The current website for the virtual microscope is 
http://www.virtualmicroscope.co.uk/ 
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Little is known about the transport and fate fine ash 
(r<64 µm) from volcanic eruptions in the southern 
hemisphere. This is mostly due to the lack of good 
observations in a region of the world mostly covered 
by ocean. Since the start of the satellite era (~1960s) it 
has been possible to make global observations of the 
spread of ash and aerosols from large eruptions, such 
as El Chichon, Mexico, Mt St Helens, USA and 
Pinatubo, Philippines. All of these eruptions took place 
in the northern hemisphere and were observed mostly 
through the aerosol signal (related to SO2 emissions). 
In August 1991 Cerro Hudson, in southern Chile 
erupted ash and gas that was transported in the 
westerly winds and circumvented the southern 
hemisphere reaching Australia. More recently, Chaiten 
and Puyehue-Cordon Caulle (both in southern Chile) 
sent ash high into the atmosphere where it was 
transported 1000s km again reaching Australia. The 
transport of the ash was observed well from satellite 
instruments and numerical models were able to capture 
the main aspects of the transport. In this talk we will 
investigate important aspects of ash transport, mostly 
using new measurements from satellites, to estimate 
ash production, the statistical moments of the fine ash 
particle size distribution and the collocation of ash and 
SO2 gas from southern hemisphere eruptions.  The 
importance of long-range transport of ash is 
emphasized in the light of recent concern over the 
hazard presented to aviation from volcanic ash 
encounters. 
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The first half of this project will use improved 

modelling or mapping methodology to assess the risk 
posed by hazards from volcanoes Cotopaxi and 
Guagua Pichincha to over 2.5 million people in the 
Interandean Valley of Ecuador. In addition to 
providing a contribution to risk assessment, the second 
half of this project will establish a pathway for 
communicating scientific findings to non-scientific 
figures (i.e.: politicians, policy makers, the general 
public) with the intent of improving risk reduction 
strategies. 

The hazards associated with both volcanoes (based 
off historical evidence) include ash fall, pyroclastic 
flow, pyroclastic surge, lahars, sector collapse, and 
seismic activity, with particular concern for lahars at 
Cotopaxi and phreatic volcanism at Guagua Pichincha. 
As of yet, there exists no cohesive framework that 
incorporates the geologic risk coupled with risk 
assessments from other sectors, such as engineering, 
economics, or agriculture, thus making any existing 
maps or models only partially effective at risk 
reduction. 

Following a comprehensive review of site-related 
literature, this study will determine which hazard 
presents the greatest need for additional research.  The 
geologic aspect of the project will focus on: 1) Better 
constraining the characteristics and predictability of 
that hazard via numerical or physical modelling; or 2) 
Improving static maps or site-specific mapping 
methodology for that hazard (and possibly others) by 
incorporating information such as the integrity of 
engineered structures and anthropic alterations to 
landforms. Using the product of the geologic study, the 
second half of this project will be to engage in cross-
disciplinary communications with local and regional 
officials to share scientific findings and improve risk 
reduction strategies by integrating science with 
cultural, political, and economical attitudes. 

The results of this project will be valuable to not 
only the Interandean Region of Ecuador, but to all low-
income and developing regions affected by natural 
hazards. It will produce a prototype method for taking 
scientific research from being intended for specialists 
to making it accessible and understandable for non-
specialists, and it will serve as a template for creating 
comprehensive  risk-reduction tools in similar regions. 
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Eruptions at the Soufrière Hills Volcano have 
prompted numerous crises on the island of Montserrat 
over the last sixteen years, which have lead to 
numerous evacuations of those living around the 
volcano. Although many evacuations in Montserrat can 
be deemed successful with regards to avoiding injury 
or loss of life, some evacuations have been questioned 
for their necessity, duration and impact on residents’ 
well-being and on the island’s economy. 
Understanding how different stakeholders responded to 
past evacuations can help with the management of 
future crises. These responses were investigated by 
employing an ethnographic methodology, which aimed 
to see the crises through the eyes of those that have 
lived them out. Three different stakeholder groups 
were identified; residents who had been evacuated, 
scientists working at the volcano observatory and 
government decision makers. Opinions within each 
group were voiced during separate focus groups and 
semi-structured interviews, and then participant 
observation was used to investigate some exchanges 
and interactions between the three stakeholder groups. 
Responses towards the management of the volcanic 
risk were shaped by past events, evacuations, social 
and political influences and individuals’ varying risk 
perceptions. Differing opinions about the hazards and 
level of risk that the volcano poses cannot be 
sufficiently explained by using a knowledge deficit 
model. Practitioners in risk communication and 
management are aware that trust between stakeholders 
is an extremely important factor. In some cases a lack 
of trust has reinforced ‘lay experts’’ theories, and 
propagated alternative views, about the volcano and 
it’s hazards, to those of the scientists or decision 
makers. Some of the lay expert theories are based on a 
misunderstanding of the science, but others can be 
traced back to mistakes in past communication and 
management from the scientists or decision makers. 
Competing messages about the volcano or the 
management of evacuations and hazard zones, 
sometimes from officials, have damaged trust between 
the stakeholders and caused confusion. When 
responding to future crises elsewhere or in Montserrat, 
a focus should be placed on clear and honest 
communication from official sources only, with efforts 
being made towards increasing participation of all 
stakeholders in a more inclusive and deliberative 
management process. 
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The Martian cryosphere, a mixture of rock and ice 

of various compositions and structures, is thought to 
dominate the near surface crustal geology of the planet. 
During the long volcanic history of Mars, magma and 
cryosphere must have frequently come into contact 
with one another. It is important that the 
thermodynamic and structural response of cryosphere 
to magmatic intrusions is better understood in order to 
better characterise the effects of such processes. The 
cryosphere formed due to the atmospheric pressure and 
temperature conditions on Mars along with a waning 
global heat flux. Atmospheric H2O was progressively 
cold-trapped at the poles, some of which was 
incorporated into a global aquifer and subsequently 
built up in the uppermost regions of Mars’ crust as the 
cryosphere. Geomorphological evidence for magma-
cryosphere interactions includes outflow channels, 
phreato-magmatically produced ridges, lahars, pit 
craters and graben. 

We have carried out experiments to simulate 
magmatic intrusion into cryosphere. Experiments were 
run with a heater embedded within a cryosphere 
analogue, subjected to various water saturation and 
temperature regimes and the results were processed 
graphically. We found that the thermal gradient and 
temperature of the cryosphere analogue were 
dependent on the water content of the experimental 
material and the phase of the water, with much higher 
temperature, steeper gradients through the gaseous 
medium than through the liquid. Latent heat was found 
to be important in the behaviour of the thermal 
response of the experimental material. Pressure 
changes in response to phase transitions caused low 
temperature vaporisation in sealed systems. 
Segregation of H2O phases occurred in the unsaturated 
system, which promoted greater energy transfer to the 
top of the melt region. It is postulated that many 
features seen on Mars may have formed as a result of 
these types of interactions. 
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Mt. Kinabalu is an isolated pluton in northern 
Borneo, in the Malaysian state of Sabah. At 4095m 
elevation it is the highest peak between the Himalayas 
and Papua New Guinea. The pluton is an example of a 
post-collisional I-Type granite, post-dating the end of 
subduction at the southern margin of the South China 
Sea by some 7 million years. Aside from its isolated 
tectonic setting, Mt. Kinabalu gives particular insight 
in to the three dimensional structure and formation of 
granitic plutons due to its extreme vertical exposure of 
2600m elevation through the multiple units forming the 
body. Recent U-Pb dating of zircon suggests that 
emplacement involved gradual accumulation of melt in 
sub-horizontal layers over a period of around 600,000 
years, rather than as a diaper, or diapirs (Cottam et al., 
2010). 
 New field observations, anisotropic magnetic 
susceptibility analysis and major and trace element 
geochemistry elucidate the sources and emplacement 
of the body. The initial intrusion was a small, tabular 
biotite-rich unit, now forming the highest elevations. 
This was subsequently deformed by the intrusion of the 
hornblende-rich bulk of the pluton a few hundred 
thousand years later. Sub-horizontal sheets or lobes 
built up the hornblende-rich unit over an extended 
period of magma intrusion from depth. Before this unit 
could crystallise completely, it was sheared and a 
vertically extensive, elongate, planar biotite-rich minor 
unit intruded along a zone of shearing. Finally, two 
porphyritic bodies were emplaced. The first was 
intruded into the contacts between the hornblende-rich 
unit and the subjacent country rock, rising along the 
plutons walls to the south and east and the second was 
emplaced beneath this as a domal structure on the 
southeast of the pluton. 
 Ongoing trace element and isotopic analyses on the 
pluton will be used to constrain the source of the melts 
and suggest the likely cause of its formation. 

[1] Cottam, M., Hall, R., Sperber, C., and Armstrong, R., 2010. 
Pulsed emplacement of the Mount Kinabalu granite, northern 
Borneo. Journal of the Geological Society of London, 167, 49-60. 
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Tungurahua volcano has been highly active since 

1999, culminating in the voluminous August 2006 
eruption, a series of explosive events terminated by the 
effusion of a lava flow. Understanding such a rapid 
shift in eruption style is crucial to eruption forecasting 
at andesitic arc volcanoes. Here, rheological changes 
occurring during magma ascent are invoked to explain 
eruptive style. 

Erupted material from the August 2006 bimodal 
activity is described as chemically homogeneous (bulk 
rock ~57 % SiO2). The explosive phase showed a wide 
range of porosities (1-60%), crystallinities (10-20% 
phenocrysts), with an interstitial glass composition of 
63-65 wt.%SiO2. In comparison, the lava material is 
more crystalline (20-30% phenocrysts, high microlite 
content), less porous (1-5%) with an interstitial glass 
with 67wt.%SiO2. The pore overpressure required to 
achieve fragmentation of the explosive magma was 
3MPa, whereas 6-10 times more pore pressure is 
required to fragment the lava. 

Rheological behavior of ascending magma 
(undergoing crystallization, volatile exsolution and 
chemical fractionation) is a chief determinant of 
eruptive style. We combined a variety of experimental 
techniques to map the rheological evolution of magma 
during ascent at Tungurahua. In the reservoir, the 
magma is envisaged as crystal poor with a composition 
similar to that of the bulk rock. We measured the non-
Arrhenian temperature dependence of the viscosity of 
the (dry) magma in the reservoir (from remelted whole 
rock) as well as the increase in melt viscosity due to 
initial (20 vol.%) crystallisation using a concentric 
cylinder. The end viscosity of the erupted products was 
elucidated using a uniaxial press and shows an 
apparent viscosity 5 orders of magnitude above the 
pure interstitial melt and 7-8 orders above the viscosity 
of the reservoir magma. The effusive material was 
more viscous (and more shear-thinning) than the 
explosive material. Thus, the lava flow represents the 
late and slower-ascent of a more viscous magma with 
diminished stored energy to drive fragmentation. 
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This study focuses on a Finite Element Analysis of 

large-scale ground deformation at Uturuncu volcano in 
the Altiplano-Puna region of southern Bolivia, for the 
period 19th May 1996 to 24th December 2000. The 
amplitude of the line-of-sight displacement from 
InSAR is 7.4 cm, with a wavelength of around 80 km 
for that period. We present a series of forward models 
that explain the observed ground displacement using 
COMSOL Multiphysics and accounting for both 
homogeneous and heterogeneous crustal mechanics. 
The source geometry is approximated using spherical, 
prolate and oblate source shapes. Crustal heterogeneity 
is constrained by published seismic velocity profiles 
that indicate the presence of a large low-velocity body 
at depths of 17 km below the surface. We deduce that 
the observed uplift is best explained by a single prolate 
source, in a heterogeneous medium, centred between 
16.1 and 18.9 km below local elevation, with a semi-
major axis of 5.2 - 9.8 km, semi-minor axes of 2.9 - 5.5 
km and a uniform pressure change of between 5.6 and 
29.1 MPa, as determined by bootstrapping of the best-
fitting models at 90% confidence. This model can be 
interpreted to reflect pressurisation, at very modest 
levels, of a magma chamber within the Altiplano-Puna 
Magma Body. Further efforts to explore the sensitivity 
of the model fits to the required source excess 
pressures are obtained by first-order approximations of 
varying Poisson ratio with depth, host rock 
viscoelasticity and source multiplicity. We find that 
such mechanisms play a primary role in explaining the 
observed deformation at Uturuncu. However, to further 
constrain the most likely causative source parameters 
the full three-dimensional displacement field is 
required. 
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 Volcanic activity in Iceland has the potential to 
affect the economies of Europe and beyond, as seen by 
the disruption to air traffic in the wake of the 2010 
Eyjafjallajökull eruption. By developing a 
comprehensive understanding of the way that volcanic 
activity behaves along the spreading rift, the factors 
which influence the timing and location of activity can 
be better constrained.  
 The region between the central volcanoes Askja 
and Krafla contains numerous volcanic edifices, vents, 
hyaloclastite ridges, lava flows and en-echelon rift 
segments. The sub-surface connections between these 
various features remain uncertain.  
 Our aim is to understand how magma is transported 
and stored at shallow depth, through the production of 
a Bouguer gravity map of the region. The movement of 
melt from the mantle to shallow crustal levels along the 
spreading plate boundary has led researchers to 
postulate sub-surface connections between volcanic 
centres [1]. Seismic and InSAR results suggest several 
magma sources for a single volcanic system [2, 3]. 
Through the examination of Bouguer gravity 
anomalies within the region we extend this to suggest 
plumbing linkages between superficially separate 
volcanic centres. 
 
[1] Sturkell, E., et al., (2006). 1983–2003 decaying rate of deflation 
at Askja caldera: Pressure decrease in an extensive magma plumbing 
system at a spreading plate boundary: Bulletin of Volcanology, v. 68, 
p. 727-735. 
[2] Soosalu, H., et al., (2010). Lower-crustal earthquakes caused by 
magma movement beneath Askja volcano on the north Iceland rift: 
Bulletin of Volcanology, v. 72, p. 55-62.  
[3] Pagli, C., et al. (2006). Deflation of the Askja volcanic system: 
Constraints on the deformation source from combined inversion of 
satellite radar interferograms and GPS measurements: Journal of 
Volcanology and Geothermal Research, v. 152, p. 97-108. 
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of low-frequency seismic events? 
S. KARL*1 & J. NEUBERG1 

1Institute of Geophysics and Tectonics, School of Earth 
and Environment, University of Leeds, Leeds, LS2 
9JT, UK (*s.karl@see.leeds.ac.uk) 

 
Long period (LP) seismic events are one class of 

volcano seismic earthquakes that have been observed 
at many volcanoes around the world, and are thought 
to be associated with resonating fluid-filled conduits or 
fluid movements (Chouet, 1996; Neuberg et al., 2006). 
While the seismic wavefield is well established, the 
actual trigger mechanism of these events is still poorly 
understood. Neuberg et al. (2006) proposed a 
conceptual model for the trigger of LP events at 
Montserrat involving the brittle failure of magma in the 
glass transition in response to the upwards movement 
of magma. 

In an attempt to gain a better quantitative 
understanding of the driving forces of LPs, inversions 
for the physical source mechanisms have become 
increasingly common. Previous studies have assumed a 
point source for waveform inversion. Knowing that 
applying a point source model to synthetic 
seismograms representing an extended source process 
does not yield the real source mechanism, it can, 
however, still lead to apparent moment tensor elements 
which then can be compared to previous results in the 
literature. Therefore, this study follows the proposed 
concepts of Neuberg et al. (2006), modeling the 
extended LP source as an octagonal arrangement of 
double couples approximating a circular ringfault 
bounding the circumference of the volcanic conduit.  

First results show that the amplitude of the seismic 
signals of a ringfault structure is greatly reduced when 
compared to a single double couple source. 
Additionally, the body-wave radiation pattern of a 
ringfault structure clearly differs from that of a single 
double couple source. Furthermore, best inversion 
results yield a solution comprised of positive isotropic 
and compensated linear vector dipole components. 
Thus, the physical source mechanisms of volcano 
seismic signals may be misinterpreted as opening shear 
or tensile cracks when wrongly assuming a point 
source. 
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Reliable short-term forecasts of 
volcanic eruptions 

C.R.J. KILBURN1 
1Aon Benfield UCL Hazard Centre, Dept Earth 

Sciences, UCL, Gower Street, London WC1E 6BT, 
UK (*c.kilburn@ucl.ac.uk) 

 
Reliable short-term forecasts of eruptions are 

crucial for responding effectively to a volcanic 
emergency. The two precursors most commonly 
recorded before eruptions are accelerations in the rate 
of ground deformation and the rate of occurrence of 
local volcano-tectonic (VT) earthquakes. Both signals 
are interdependent measures of how the crust responds 
to a change in magma pressure, and their variations 
with time describe how local fracturing evolves until 
an eruption occurs.  

Quantitative analyses of the signals have implicitly 
assumed that precursory changes develop during 
deformation under an approximately constant stress. 
Although the assumption may be valid for the final 
stages of precursory behaviour, it is unlikely to apply 
for an entire precursory sequence. A new physical 
model has been developed for deformation under an 
increasing stress. It shows that deformation and 
seismicity are controlled by the macroscopic 
distribution of applied stress, which determines the 
preferred locations of fracturing (such as the tips of 
existing fractures), and the distribution of energy at the 
atomic level, which determines the probability that 
fracturing will occur. It also indicates that precursory 
time series can be determined from a parent relation 
between fracturing and stress, combined with 
expressions for time-dependent changes in applied 
stress and rock resistance. In practice, the results 
provide (1) a test for distinguishing related sequences 
of increasing deformation and seismicity from 
unrelated background signals, (2) criteria for 
identifying when an eruption is imminent, and (3) a 
method for identifying the maximum time intervals for 
which deterministic forecasts can be usefully applied in 
practice.  

 

 

 

 

 

 

 

 

 

Larvikites of the Permian Oslo 
Province: A Fresh Appraisal 

 
I.G. MEIGHAN1 

 
1Department of Geology, Trinity College, Dublin 2, 

Ireland (*iangmeighan@hotmail.co.uk) 
 

Larvikite, Norway’s ‘National Rock’ and global 
export, has its principal intrusive ‘complex’ (approx.55 
x 35 km) in the southern sector of the Oslo Graben. 
Despite much research, its status as a major layered 
intrusion, and larvikite as an accumulative (cumulate) 
rock have been somewhat under-emphasized.  There is 
a virtually omnipresent igneous lamination and other, 
less common, cumulate structures such as cm-scale 
rhythmic layering.  Even rarer are trough and ‘cross 
bedding’ structures and layering defined by alternating 
light /dark –coloured alkali feldspar. 

The main cumulate structures dip inwards (45o – 
90o), attitudes indicative of sidewall crystal 
accumulation in a convecting magma chamber.  
Syenitic magma, flowing downwards at the walls, 
accounts for (i) a lineation of alkali feldspar long axes 
on the plane of igneous lamination perpendicular to its 
strike and (ii) the rare presence of ‘oscillatory zoned’ 
(convectively ‘recycled’?) alkali feldspar primocrysts.  
The cumulate orientations (IGM) followed by detailed 
mapping of larvikite sub-types (NGU) and 
aeromagnetic data all suggest a large, essentially oval, 
layered intrusive mass (not dissimilar in size to the Mt 
Kilimanjaro volcanic complex in E Africa). 

A lack of major cryptic layering can be explained 
on an ‘open system’ model, involving eruptions from a 
Kilimanjaro-type volcanic edifice related to the arrival 
of syenitic pulses from the deep crust. 
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How do you emplace a ring-dyke? 

L.M. MURDOCH*1, D. J. BROWN1 & F.C. MEADE1 

1School of Geographical and Earth Sciences, 
University of Glasgow, Gregory Building, Lilybank 
Gardens, Glasgow, G12 8QQ, UK 
(*l.m.murdoch@gmail.com) 

The ring-dykes of Glencoe (Scotland), Slieve 
Gullion (N. Ireland), and Loch Ba (Mull, Scotland) are 
complex pulsed intrusions, whose textures record 
incremental exploitation of ring fractures.  Detailed 
field observations and petrological and geochemical 
analysis of these three examples supports the 
hypothesis that ring-dyke emplacement represents a 
continuum of events, with coherent magma at depth 
transitioning from partially fragmented magma to fully 
fragmented magma with pyroclastic/parataxitic 
textures near the surface.   

The Glencoe ring-dyke comprises a variety of 
granites that display evidence of mingling, but remain 
competent.  The Slieve Gullion ring-dyke displays 
proto-parataxitic textures and disaggregation of coarser 
granitic material by injection of finer tuffisite.  The 
Loch Ba ring-dyke shows intimate mixing of materials 
and fully developed pyroclastic/parataxitic textures.   

Although the proposed transition is not observed 
within a single ring-dyke due to the constraints of 
erosion, these variably dissected systems nonetheless 
provide compelling evidence for the progressive 
fragmentation of magma within a ring-dyke.  We 
suggest that the observed textures can be used to 
determine relative emplacement depths and that ring-
dykes should not be considered as simple uniform 
intrusions. 

 

 

 

 

 

 

 

 

 

 

 

 

Origin of colloform banding in the 
Skaergaard Marginal Border Series 
O. NAMUR*1, M.C.S. HUMPHREYS2; M.B. HOLNESS1 
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Parks Road, Oxford, OX1 3AN, UK 

 
The Eocene Skaergaard layered intrusion (East 

Greenland) is divided into three units: the Layered 
Series (LS) which crystallised upwards from the floor, 
the Upper Border Series (UBS) which crystallised 
downwards from the roof and the Marginal Border 
Series (MBS) which crystallised inwards from the 
walls.  

The MBS is traditionally divided into two: the 
outermost, unbanded “Tranquil Zone” and the inner 
”Banded Zone”[1]. The banding in the latter is 
corrugated with cuspate outlines on horizontal 
surfaces, concave towards the intrusion margins. This 
colloform banding is defined by different modal 
mineralogy, grain size, mineral shape and composition 
relative to the host troctolites and gabbros. Modal 
changes result in a strong increase of mafic phases 
(olivine, clinopyroxene and Fe-Ti oxides) and strong 
decrease in plagioclase. The modal proportion of 
plagioclase could progressively increase from base to 
top of the colloform layer. The morphology of the 
colloform banding  shows systematic spatial variation, 
evolving from almost straight, laterally continuous 
bands near the intrusion margin, to highly cuspate 
bands with elongate fingers pointing to the intrusion 
wall, to a final facies where the bands become 
discontinuous. The end-stage of this evolution is 
randomly distributed bowl-shaped convex features. 
The colloform bands are widely spaced in the the outer 
parts of the MBS, but become more common and 
closely-spaced towards the interior of the intrusion.  

Colloform banding has been previously interpreted 
as a result of crystal sorting and deposition during 
vigorous convection [1]. This process is inconsistent 
with the three-dimensional morphological 
characteristics of the bands and not reconcilable with 
the frequent, rapid and significant changes in modal 
mineralogy. The similarity of colloform morphology to  
features resulting from reactive infiltration [2] suggests 
that they are a consequence of infiltration of liquids 
during solidification of the wall mushy laer. Mineral 
modes and compositions, together with appropriate 
phase diagrams, can be used to constrain the origin of 
the infiltrating liquid and the reaction processes 
occurring in the mush. 
 
[1]Wager and Brown, 1968. 
[2]Chadam and Ortoleva, 1990. 
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Checking the validity of 
superimposing analytical 

deformation models and implications 
for numerical modelling of dykes 

and magma chambers 
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Leeds, Leeds, LS2 9JT, U.K 
(*ee07kp@leeds.ac.uk) 
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The surface displacement field induced by magma 

movements in the subsurface is commonly modelled 
using the analytical solutions for a point source (Mogi, 
1958), a finite spherical source (McTigue, 1987), or a 
dislocation source (Okada, 1992), all embedded in a 
homogeneous elastic half-space. When the magmatic 
system is represented by several sources, their 
respective deformation fields are summed, and the 
assumption of homogeneity in the half-space is 
violated. 

We have investigated the effects of interacting 
sources on the surface deformation field, testing the 
solutions calculated for analytical models with adjacent 
sources against the solutions of corresponding 
numerical 3D finite element models. We have 
implemented several models combining spherical 
pressure sources and dislocation sources, varying the 
source relative position, the pressure or dyke opening. 
We have also investigated various numerical methods 
to model a dike as a dislocation source or as a 
pressurized tabular crack. In the former case, the dike 
opening is either defined as two boundaries displaced 
from a central location, or as one boundary displaced 
relative to the other.  

We find that the discrepancies due to neglecting the 
source interaction are influenced primarily by the 
source types and model geometry, then by the source 
strength. In our study, the discrepancies reach up to 
~20% and become negligible (<5%) beyond a source 
separation of 4 radii. For some model configurations, 
the discrepancies lead to a significant underestimation 
of pressurization and vast overestimation of the source 
separation. Furthermore, this study underlines 
fundamental issues related to the numerical method 
employed to model a dike or a magma chamber. In 
particular, magma compressibility plays a significant 
role when several deformation sources are present and 
close to each other. 
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Seismic monitoring of silicic volcanoes has 

revealed an astonishing regularity in the occurrence of 
small earthquakes during active eruptions. Whether 
they take the form of the” drumbeats” recorded at 
Mount St Helens that repeat on a 2 – 5 minute 
schedule, or the repetitive earthquake swarms that 
occur at Soufrière Hills volcano, Montserrat, with a 
minimum inter-event rate of only a few tens of 
seconds, these highly regular events are a common 
occurrence. These earthquakes contain a low frequency 
(LF) component which suggests the involvement of a 
fluid, and there are several models, including the 
resonance of a fluid filled crack or “magma wagging” 
that can explain such a LF event. However, what has 
remained elusive is a model that explains the frequent 
generation of these events, and their temporal and 
spatial evolution. 

Taking Soufrière Hills volcano as an example, we 
base our model on the brittle failure of magma 
accounting for the generation, characteristics and 
temporal behaviour of the repetitive LF events 
observed. This has been achieved by combining 
numerical conduit flow models of a three phase magma 
(melt, gas and crystals),in three dimensions, with the 
theory of glass transition. 

 The conditions necessary to fracture the melt will 
be discussed, as well as the important role that the 
conduit geometry plays in engendering LF earthquake 
swarms.   These latest set of models not only explain 
the behaviour of a single swarm, but also account for 
the migration and convergence of the event locations, 
which are seen to be stable between earthquake swarms 
over long periods of time. 
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Merging the cycles of early Palaeogene intrusive and flood basalt 
magmatism in N.E. Ireland 

J. GAMBLE1, C. MCKENNA1, R. ELLAM2, R.G. FITTON3; P. LYLE4, P. RENNE5. 
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2 SUERC, Rankine Avenue, East Kilbride, Scotland. 
3 School of Geosciences, University of Edinburgh, Edinburgh, Scotland. 
4University of Ulster, Jordanstown, N. Ireland. 
5 Berkeley Geochronology Centre, Berkeley, USA. 
 
The sequence of early Palaeogene flood basalts in N.E. Ireland of the the Antrim Lava Group (ALG) covers an 
area of ~3500km2, locally to a thickness of ~1km, and is associated with large shallow mafic intrusions. The 
ALG is divided into earlier (~60 – 62 Ma) and later (56 – 59 Ma) phases, bracketed by the Interbasaltic 
Formation where new high precision U-Pb dating of zircon and 40Ar/39Ar dating of sanidine from the Tardree 
Rhyolite yield an age of 61.32 ± 0.09 Ma (Ganer∅d et al, 2011, Chem. Geol., 286). However, there is evidence 
to suggest that the Interbasaltic Formation may be long-lasting, perhaps as much as 1 Ma. Most samples from the 
ALG, together with rocks from the intrusive suite of sills, plugs and Slieve Gullion central complex show 
overlapping major oxide compositions on plots such as TAS and SiO2 vs K2O, and plot in the basalt field. A few 
samples from the Causeway sequence and from Slieve Gullion extend into the basaltic andesite field.  

The Lower Basalts of the ALG typically show convex upwards REE patterns ((La/Pr)CN < 1, (Nd/Lu)CN ~ 4) that 
are broadly similar to the shallow intrusions at Fair Head (60.2 ± 0.3) and Carrickarede. In comparison, many of 
the Upper Basalts resemble the younger mafic intrusion at Portrush (54.9 ± 0.6) and the mafic intrusions at 
Slieve Gullion (56.5 ± 1.3), with flat, slightly LREE enriched and HREE depleted REE patterns. Multi-element 
plots also distinguish between the older and younger rocks with enriched convex-upward, OIB-like patterns for 
the Lower Basalts and equivalent sills compared to depleted patterns with anomalies at Pb, Ba and Nb for the 
younger rocks. 

Sr and Nd isotopic data for the ALG and intrusives show overlapping arrays that trend towards putative Lower 
Palaeozoic Basement. Pb isotopes define similarly overlapping arrays, with 206Pb/204Pb vs 207Pb/204Pb and 
208Pb/204Pb vs 206Pb/204Pb subparallel to, but above, the NHRL. We have identified geochemical affinities 
between effusive and intrusive units comprising the ALG which lead us to link the latter stages of flood basalt 
volcanism to the Central Complex activity further to the south at Slieve Gullion and Carlingford and therefore 
identify a fundamental change of chemistry and source with time. 

97 
�



List of Delegates 

Surname Email Organisation 
Airey, Martin martin.airey@earth.ox.ac.uk University of Oxford 
Ali Kamel, Omar omar_ali_kamel@hotmail.com Minia University, Egypt 
Allen, Mark m.b.allen@durham.ac.uk Durham University 
Anderson, Paul pea005@bham.ac.uk University of Birmingham 
Applegarth, Jane l.j.applegarth@lancaster.ac.uk Lancaster University 
Arkwright, Christine j.c.arkwright@open.ac.uk Open University 
Armitage, John armitage@ipgp.fr Institute de Phyisque du Globe de Paris 
Auker, Melanie ma6549@bristol.ac.uk University of Bristol 
Austin-Giddings, Wendy wengid@bgs.ac.uk UCL/BGS 
Barclay, Jenni J.Barclay@uea.ac.uk University of East Anglia 
Barfod, Dan d.barfod@suerc.gla.ac.uk NERC Argon Isotope Facility 
Barker, Abigail abigail.barker@geo.uu.se Uppsala University 
Berger, Julien juberger@ulb.ac.be University Libre de Bruxelles 
Berlo, Kim kim_berlo@inbox.com University of oxford 
Bird, Anna anna.bird@rhul.ac.uk Royal Holloway University of London 
Blake, Stephen s.blake@open.ac.uk Open University 
Branney, Michael mjb26@le.ac.uk University of Leicester 
Brown, Richard richard.brown3@durham.ac.uk Durham University 
Brown, David david.brown@glasgow.ac.uk University of Glasgow 
Budd, David david.budd@geo.uu.se Uppsala University 
Bullen, Dean dean.bullen@port.ac.uk University of Portsmouth 
Burden, Rose Rose.Burden@bristol.ac.uk University of Bristol 
Burton, Mike burton@pi.ingv.it INGV 
Burns, Rebecca ee06rb@leeds.ac.uk University of Leeds 
Burton-Johnson, Alex alexander.burton-johnson@durham.ac.uk Durham University 
Catchpole, Janet janet.catchpole@btopenworld.com Retired 
Cheshire, Edward echeshire@tiscali.co.uk None 
Chistyakova, Sofya Sofya.Chistyakova@oulu.fi Oulu University 
Clark, Liam  liam.clark@durham.ac.uk Durham University 
Clark, Samantha samantha.clark@dur.ac.uk Durham University 
Collins, Sarah s.j.collins@durham.ac.uk Durham University 
Corder, Steven steven.corder@cavehill.uwi.edu University of the West Indies 
Couchman, Matthew ee08mjc@leeds.ac.uk University Of Leeds 
Coulson, Leonard lenny@coulson.net University of Birmingham 
Cramer, Elizabeth E.L.Cramer@open.ac.uk The Open University 
Cross, Jo j.k.cross@es.rhul.ac.uk Royal Holloway UoL 
Crummy, Julia eejmc@leeds.ac.uk University of Leeds 
Cunningham, John jcunni1248@aol.com Birkbeck 
Damby, David d.e.damby@dur.ac.uk Durham University 
Davidson, Jon j.p.davidson@durham.ac.uk Durham University 
Dawson, Barry jbdawson@glg.ed.ac.uk University of Edinburgh 
Demonte, Philippa ee08pd@leeds.ac.uk University of Leeds 

98 
 

mailto:liam.clark@durham.ac.uk


List of Delegates 

Dijkstra, Arjan arjan.dijkstra@plymouth.ac.uk Plymouth University 
Dobson, Katherin katherine.dobson@manchester.ac.uk University of Manchester 
Ellam, Rob r.ellam@suerc.gla.ac.uk SUERC, Glasgow 
Emeleus, Henry c.h.emeleus@durham.ac.uk Durham University 
Fawdon, Peter Peter.Fawdon@open.ac.uk Open University 
Fitton, Godfrey Godfrey.Fitton@ed.ac.uk University of Edinburgh 
Forbes, Anne a.e.s.forbes@open.ac.uk The Open University 
Fowler, Michael mike.fowler@port.ac.uk University of Portsmouth 
Gamble, John j.gamble@ucc.ie University College Cork 
Gertisser, Ralf r.gertisser@esci.keele.ac.uk Keele University 
Gibson, Sally sally@esc.cam.ac.uk University of Cambridge 
Gill, Robin robingill@f2s.com Royal Holloway, University of London 
Goluchowska, Karolina karolina.goluchowska@gmail.com Uppsala University 
Goodenough, Kathryn kmgo@bgs.ac.uk British Geological Survey 
Gunn, Leanne l.s.gunn@open.ac.uk The Open University 
Halton, Alison a.m.halton@open.ac.uk The Open University 
Hamlyn, Joanna ee10j2h@leeds.ac.uk Univeristy of Leeds 
Hanson, Jonathan gljbh@bristol.ac.uk University of Bristol 
Hartley, Margaret meh43@cam.ac.uk University of Cambridge 
Hayer, Catherine c.s.l.hayer@pgr.reading.ac.uk NCEO, Reading 
Hickey, James james.hickey@bristol.ac.uk Bristol University 
Hicks, Kelby kh471@cam.ac.uk University of Cambridge 
Hicks, Anna a.hicks@uea.ac.uk University of East Anglia 
Horwell, Claire claire.horwell@durham.ac.uk Durham University 
Hughes, Martin  admin@minersoc.org Mineralogical Society 
Hughes, Sion S.Hughes@open.ac.uk The Open University 
Humphreys, Madeleine madeleine.humphreys@earth.ox.ac.uk University of Oxford 
Hunt, Emma ejh9@st-andrews.ac.uk University of St Andrews 
Hutchison, William william.hutchison@earth.ox.ac.uk University of Oxford 
Inman, James jxi702@bham.ac.uk University of Birmingham 
James, Mike m.james@lancaster.ac.uk Lancaster University 
Jerram, Dougal dougal@dougalearth.com DougalEARTH ltd. 
Johnson, Hannah h.johnson@es.rhul.ac.uk Royal Holloway 
Karl, Sandra S.Karl@see.leeds.ac.uk University of Leeds 
Kelly, Judith judithlkelly@tiscali.co.uk Birkbeck, University of London 
Knott, Tom trk2@le.ac.uk University of Leicester 
Kilburn, Christopher c.kilburn@ucl.ac.uk University College London 
Lachowycz, Stefan stefan.lachowycz@earth.ox.ac.uk University of Oxford 
Larsen, Lotte Melchior lml@geus.dk Geological Survey of Denmark and Greenland 
Latypov, Rais rais.Latypov@oulu.fi Oulu University 
Leat, Philip  ptle@bas.ac.uk British Antarctic Survey 
Llewellyn, Hugh h.llewellyn@abdn.ac.uk Aberdeen University 
Llewellin, Ed ed.llewellin@durham.ac.uk Durham University 

99 
 

mailto:claire.horwell@durham.ac.uk
mailto:admin@minersoc.org
mailto:ptle@bas.ac.uk
mailto:ed.llewellin@durham.ac.uk


List of Delegates 

Loughlin, Sue sclou@bgs.ac.uk British Geological Survey 
Maclennan, John jcm1004@cam.ac.uk University of Cambridge 
Mader, Heidy h.m.mader@bristol.ac.uk University of Bristol 
Magee, Craig cxm477@bham.ac.uk Imperial College London 
Manning, Christina c.manning@es.rhul.ac.uk Royal Holloway Unversity of London 
Manton, Ben mantonbm@cardiff.ac.uk Cardiff University 
Manville, Vern v.r.manville@leeds.ac.uk University of Leeds 
Marshall, Peter peter.marshall@open.ac.uk The Open University 
Mason, Rachel rdm35@st-andrews.ac.uk University of St Andrews 
Mather, Tamsin Tamsin.Mather@earth.ox.ac.uk University of Oxford 
Mather, Kathleen k.a.mather@durham.ac.uk Durham University 
McCormick, Brendan btm26@cam.ac.uk University of Cambridge 
Macpherson, Colin colin.macpherson@durham.ac.uk Durham University 
McGowan Ellen e.mcgowan@lancaster.ac.uk Lancaster University 
McIntosh, Iona i.m.mcintosh@durham.ac.uk Durham University 
McLeod, Claire c.l.mcleod@dur.ac.uk Durham University 
McMahon, Sorcha sorcha.mcmahon@bristol.ac.uk University of Bristol 
Meade, Fiona fiona.meade@glasgow.ac.uk University of Glasgow 
Mee, Katy katy@bgs.ac.uk British Geological Survey 
Michnowicz, Sabina s.a.k.michnowicz@durham.ac.uk Durham University 
Miles, Andrew Andrew.Miles@ed.ac.uk University of Edinburgh 
Millett, John j.millett@abdn.ac.uk University of Aberdeen 
Morgan, Dan d.j.morgan@leeds.ac.uk University of Leeds 
Morton, Helen  helen.morton@students.plymouth.ac.uk Plymouth University 
Mueller, Sebastian muellse@uni-mainz.de University of Mainz 
Murdoch, Laura laura@murdoch-home.co.uk The University of Glasgow 
Murray, Joanne 0801525M@student.gla.ac.uk University of Glasgow 
Namur, Olivier obn21@cam.ac.uk University of Cambridge 
Nattrass, Claire claire.nattrass@durham.ac.uk University of Durham 
Neave, David dan27@cam.ac.uk University of Cambridge 
Neuberg, Jurgen J.Neuberg@see.leeds.ac.uk University of Leeds 
Nicholls, Peter lahar@hotmail.co.uk Uppsala University 
Nicholson, Emma emma.nicholson@univ.ox.ac.uk University of Oxford 
Nilsson, David D.nilsson@mail.nu Uppsala University 
Nolan, Marie marie.nolan@port.ac.uk University of Portsmouth 
Noles, Kevin kevinnoles@hotmail.com Geological Society 
Owen, Jacqueline j.owen2@lancaster.ac.uk Lancaster University 
Palubicki, Kris klp89@my.open.ac.uk Open University 
Parker, Amy glalp@bristol.ac.uk University of Bristol 
Parks, Michelle michelle.parks@earth.ox.ac.uk University of Oxford 
Pascal, Karen ee07kp@leeds.ac.uk The University of Leeds 
Petford, Nick nick.petford@northampton.ac.uk The University of Northampton 
Plail, Melissa M.Plail@uea.ac.uk University of East Anglia 

100 
 

mailto:michelle.parks@earth.ox.ac.uk


List of Delegates 

Potts, Nicola n.j.potts@leeds.ac.uk University of Leeds 
Prata, Gemma gemma.prata@monash.edu University of Oxford 
Preece, Katie K.Preece@uea.ac.uk University of East Anglia 
Prytulak, Julie j.prytulak@imperial.ac.uk Imperial College, London 
Pyle, David david.pyle@earth.ox.ac.uk University of Oxford 
Ratner, Jacqueline jacquelr@earth.ox.ac.uk University of Oxford 
Rawcliffe, Heather h.rawcliffe.1@research.gla.ac.uk University of Glasgow 
Rawson, Harriet harrietr@earth.ox.ac.uk University of Oxford 
Reichow, Marc mkr6@le.ac.uk University of Leicester 
Reynolds, Peter peter.reynolds@durham.ac.uk Durham University 
Roberts, Nick nickmwroberts@gmail.com British Geological Survey 
Rowley, Pete p.rowley@es.rhul.ac.uk Royal Holloway, University of London 
Salvage, Rebecca eeros@leeds.ac.uk University of Leeds 
Satow, Christopher christopher.satow.2008@live.rhul.ac.uk Royal Holloway, University of London 
Saunders, Kate Kate.Saunders@bristol.ac.uk University of Bristol 
Saunders, Andy ads@le.ac.uk University of Leicester 
Savage,Paul paul.savage@earth.ox.ac.uk University of Oxford 
Scott, Jeannie jeannie.scott@earth.ox.ac.uk University of Oxford 
Shields, Jessica j.shields@bristol.ac.uk University of Bristol 
Shipman, Jill jsshipman@alaska.edu University of Alaska Fairbanks 
Shorttle, Oliver os258@cam.ac.uk University of Cambridge 
Smith, Victoria victoria.smith@rlaha.ox.ac.uk University of Oxford 
Sparks, Stephen Steve.Sparks@bristol.ac.uk Bristol University 
Stamper, Charlotte c.stamper@bristol.ac.uk University of Bristol 
Stock, Michael Michael.Stock@noc.soton.ac.uk University of Southampton 
Stone, Jonathan jon.stone10@gmail.com University of East Anglia 
Stone, Thomas txs835@bham.ac.uk University of Birmingham 
Swanson, Elizabeth gleecs@bris.ac.uk University of Bristol 
Thomas, Louise l.e.thomas@open.ac.uk Open University 
Thomas, Mark m.e.thomas@leeds.ac.uk University of Leeds 
Tollan, Pete p.m.e.tollan@durham.ac.uk Durham University 
Troll, Valentin vrtroll@gmail.com Uppsala University 
Truby, Jen jen.truby@earth.ox.ac.uk Oxford University 
Turnbull, Marie Marieturnbull1@gmail.com University of Glasgow 
Upton, Brian brian.upton@ed.ac.uk University of Edinburgh 
Vye, Charlotte cvye@bgs.ac.uk British Geological Survey 
Wall, Richard richard.wall.09@ucl.ac.uk University College London 
Walters, Rachel rlwalters@ufl.edu University of Florida 
Watson, Matthew matt.watson@bristol.ac.ik University of Bristol 
Watt, Sebastian sebastian.watt@noc.soton.ac.uk University of Southampton 
Watton, Tim t.j.watton@durham.ac.uk Durham University 
Weatherley, Samuel samw@earth.ox.ac.uk University of Oxford 
Webb, Erica erica.webb@seh.ox.ac.uk University of Oxford 

101 
 

mailto:Steve.Sparks@bristol.ac.uk
mailto:p.m.e.tollan@durham.ac.uk
mailto:matt.watson@bristol.ac.ik


List of Delegates 

102 
 

Webley, Peter pwebley@gi.alaska.edu University of Alaska Fairbanks 
Widdowson, Mike m.widdowson@open.ac.uk The Open University 
Wilkinson, Camilla c.m.wilkinson@open.ac.uk The Open University 
Wilkinson, Darren d.j.wilkinson@ed.ac.uk The University of Edinburgh 
Williams, Helen h.m.williams2@durham.ac.uk Durham University 
Williams, Rebecca rw89@le.ac.uk University of Leicester 
Witham, Claire claire.witham@metoffice.gov.uk Met Office 
Woodcock, Duncan d.woodcock@lancaster.ac.uk Lancaster University 
Wright, Kirstie k.a.wright@durham.ac.uk Durham University 
Younger,Paul paul.younger@ncl.ac.uk Newcastle University 
Yeo, Izzy i.a.yeo@durham.ac.uk Durham University 
 

mailto:d.j.wilkinson@ed.ac.uk


Local Restaurants 

Restaurants 

Prices are representative of a typical evening meal main course (*indicates 10% discount for VMSG 
delegates upon presentation of VMSG ID). 

Our favourites  

1. *Oldfields-  Classic British food, with a passion for locally reared produce and traditional 
ingredients.  Delicious, and great value. £10-20  

2. *Zen- The best Thai restaurant in Durham.  Great for lunch or dinner.  Fast service, great 
prices and most importantly, fantastic food. £10-20   

3. Ye Old Elm Tree- One of the best pubs in Durham, serving great pub food and a variety of 
quality local beers.  Very cosy atmosphere and friendly staff. £5-10 

4. The Capital-  The best Indian food in Durham.  Fairly standard Indian menu, but the food is 
well-prepared and tasty.  Prices are very reasonable and service is spot on. £5-10 

5. Carpriccio- Excellent local Italian restaurant, right in the centre of Durham.  A great 
alternative to the familiar Italian chains. £5-10 

6. *El Coto- Spanish tapas are the order of the day here.  The food is absolutely delicious, the 
menu is great and prices are reasonable.  Be wary of occasionally slow service though! £10-
15 

7. Bell’s fish and chips- Delicious fish and chips.  Take away or eat in the newly opened 
dining section. £5-10 

The staples 

8. La Tasca- Spanish Tapas £10-15 
9. Chiquito- Mexican chain restaurant £5-15 
10. Ask- Italian food £5-15 
11. Nandos- Portugese chicken restaurant £5-10 
12. Zizzis- Italian food £5-10 

Restaurants to avoid 

13. La Spaghattata- Cheep but not very cheerful ‘Italian’ food.  Very popular with students, 
due to very low prices.  Once I found a Heinz spaghetti hoop in my meatball sauce.  Says it 
all really. £5-10 

14. Melanzana- Do you like appalling Italian food?  Yes? Check this place out then! £5-10 
15. In Shanghai- Dodgy Chinese buffet. Stay away! £5-10 

 

Cafes (open until early-evening) 

16. Flat White- The best coffee in Durham, and delicious homemade cakes and sandwiches. 
17. Continental- One of the best lunch spots in Durham. Quick service and huge menu. 
18. Leonards- A wonderful cafe.  Nice atmosphere and excellent coffee and food (particularly 

the pancakes). 
19. Vennels- Homemade quiche and cake are the order of the day here.  Highly recommended. 
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Pubs and Bars 

20. The Vic- No food, no TV, no pool table.  Just great beer and a fire.  And the best whisky 
selection in Durham. 

21. Dunn Cow- Just a good pub 
22. The Head of Steam- Belgian beers are a speciality here 
23. The Shakespear- just a good pub 

Pubs and bars to avoid 

24. The Fighting Cocks- The clue is in the name....... 
25. The Boat House- Just not very pleasant 
26. Jimmy A’s- The final pit-stop before Klute (see below).  Probably best to avoid. 
27. Lloyds Number 1- They don’t love you, but it’s cheap so..... 
28. The Coach and Eight- Bland and characterless.  Quite hidden away.  Probably a good 

thing.  
29. Klute- Promoted to worst club in Europe, after the previous worst club burnt down.  It’s an 

experience unique to Durham.  
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	 Volcanic activity in Iceland has the potential to affect the economies of Europe and beyond, as seen by the disruption to air traffic in the wake of the 2010 Eyjafjallajökull eruption. By developing a comprehensive understanding of the way that volcanic activity behaves along the spreading rift, the factors which influence the timing and location of activity can be better constrained. 
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	 Our aim is to understand how magma is transported and stored at shallow depth, through the production of a Bouguer gravity map of the region. The movement of melt from the mantle to shallow crustal levels along the spreading plate boundary has led researchers to postulate sub-surface connections between volcanic centres [1]. Seismic and InSAR results suggest several magma sources for a single volcanic system [2, 3]. Through the examination of Bouguer gravity anomalies within the region we extend this to suggest plumbing linkages between superficially separate volcanic centres.
	[2] Soosalu, H., et al., (2010). Lower-crustal earthquakes caused by magma movement beneath Askja volcano on the north Iceland rift: Bulletin of Volcanology, v. 72, p. 55-62. 
	[3] Pagli, C., et al. (2006). Deflation of the Askja volcanic system: Constraints on the deformation source from combined inversion of satellite radar interferograms and GPS measurements: Journal of Volcanology and Geothermal Research, v. 152, p. 97-108.
	Larvikite, Norway’s ‘National Rock’ and global export, has its principal intrusive ‘complex’ (approx.55 x 35 km) in the southern sector of the Oslo Graben. Despite much research, its status as a major layered intrusion, and larvikite as an accumulative (cumulate) rock have been somewhat under-emphasized.  There is a virtually omnipresent igneous lamination and other, less common, cumulate structures such as cm-scale rhythmic layering.  Even rarer are trough and ‘cross bedding’ structures and layering defined by alternating light /dark –coloured alkali feldspar.
	The main cumulate structures dip inwards (45o – 90o), attitudes indicative of sidewall crystal accumulation in a convecting magma chamber.  Syenitic magma, flowing downwards at the walls, accounts for (i) a lineation of alkali feldspar long axes on the plane of igneous lamination perpendicular to its strike and (ii) the rare presence of ‘oscillatory zoned’ (convectively ‘recycled’?) alkali feldspar primocrysts.  The cumulate orientations (IGM) followed by detailed mapping of larvikite sub-types (NGU) and aeromagnetic data all suggest a large, essentially oval, layered intrusive mass (not dissimilar in size to the Mt Kilimanjaro volcanic complex in E Africa).
	A lack of major cryptic layering can be explained on an ‘open system’ model, involving eruptions from a Kilimanjaro-type volcanic edifice related to the arrival of syenitic pulses from the deep crust.
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