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Jóannes Rasmussen 

JÓANNES RASMUSSEN (1912-1992) may be considered as the father of geological 
science in the Faroe Islands. He was the first Faroese person with a university degree in 
geology, and his merits as a geoscientist are numerous. Together with his former tutor from 
the university, Prof. Arne Noe-Nygaard, he carried out the detailed mapping of the onshore 
geology of the islands, at a time when no detailed mapping of plateau basaltic terrains was 
performed elsewhere. 

The map and associated memoir were published in 1969. He was the driving force in 
the foundation of the Faroese Geological Department (1952) and the Museum of Natural 
History (1955), both of which he subsequently directed for several decades, while he was 
simultaneously heading the Faroese Department of the Geological Survey of Denmark, DGU. 

One fundamental principle of Jóannes Rasmussen was that knowledge on its own is 
worthless. It is only by using the knowledge actively and by sharing it with others that it 
becomes valuable. He was constantly busy with the distribution of his own knowledge and 
with making knowledge and skills accessible for others. Already during his student years in 
Copenhagen, he wrote a number of geological articles, and his overall portfolio of scientific 
literature is overwhelming. He chaired the Faroese Student Association in Copenhagen 1937-
1944, was vice chairman of the Faroese association, Føroyingafelag 1938-1941, and the first 
editor of Búgvin - a periodical for Faroese people in exile during the second world war. 

After returning to the Faroe Islands in 1951 Jóannes Rasmussen chaired the 
association Føroya Náttúra – Føroya Skúli (The Faroese Nature – The Faroese School) 1952 - 
1978. In 1952 he co-founded the Scientific Society of the Faroe Islands, Føroya 
Fróðskaparfelag, which he directed and co-directed for 25 years, during which he also acted 
as editor of the Faroese scientific periodical, Fróðskaparrit (Annales Societatis Scientiarum 
Færoensis), and he was one of the driving forces in the establishment of the University of the 
Faroe Islands in 1965, where he taught geology and other natural sciences for many years 
while also teaching at several other institutions of education. 

Jóannes Rasmussen was appointed Doctor of Honour at the University of Copenhagen 
in 1979. After his official retirement from his position at the Museum and at DGU in 1980 he 
continued writing and teaching and was actively involved in several scientific projects. In 
1981 he was honoured with the M. A. Jacobsen literature award for his book ‘Øldir og 
Upphav’. 

This First Jóannes Rasmussen Conference is intended to be a forum for the 
distribution, use and sharing of knowledge and skills between people interested in 
geosciences, especially volcanology or those interested in the Northeast Atlantic Region.
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Programme 

Monday, 27th August 2007 
 
18:30 Ice-breaker Reception at Café Natúr 
 Sponsored by Chevron 
 
Tuesday, 28th August 2007 
 
08:30-18:00 Pre-conference Fieldtrip to the Central and North-Eastern Islands 
  
18:30 Ice-breaker Reception at Café Natúr 
 Sponsored by Chevron 
 
Wednesday, 29th August 2007 
 
08:30-17:30 Conference Day 1 at the Nordic House (www.nlh.fo) 
 Session Sponsors: ENI and Statoil 
 
19:00 Conference Dinner at Hotel Hafnia (www.hafnia.fo) 
 Sponsored by Chevron 
 
Thursday, 30th August 2007 
 
09:00-16:30 Conference Day 2 at the Nordic House (www.nlh.fo) 
 Session Sponsors: BP and Faroe Petroleum 
 
Friday, 31st August to Sunday, 2nd September 2007 
 
 Post-conference Fieldtrip to Suðuroy 
 Sponsored by Geysir Petroleum 
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Wednesday, 29th August 2007 – Session 1 
 
Session: Weathering, Sedimentation and Pyroclastic Activity 
 
Session Sponsor: ENI 
 
Convenor: Simon Beswetherick 
 

Time Presenting Author Title of Presentation 

08:30-09:00 Registration 

09:00-09:15 Bjarni Djurholm 
Minister of Trade and Industry Welcome 

09:15-09:45 
Keynote Lecture 

Martine Gérard 
Institut de Minéralogie et Physique 
des Matériaux Condensés (IMPMC) 
France 

Alteration processes of the interflows 
and related durations in the Deccan and 
Karoo Traps 

09:45-10:05 
Morten Sparre Andersen 
Geological Survey of Denmark and 
Greenland (GEUS) 

Alteration of basaltic rocks as revealed 
by in situ measurements of physical 
properties 

10:05-10:25 
Pierre-Simon Ross 
Geological Survey of Canada 
(GSC) 

Explosive initiation of mafic volcanism in 
the Ferrar Large Igneous Province, 
Antarctica: 70 m-wide clastic dykes, 
debris avalanches, pyroclastic flows, 
and phreatomagmatic vent complexes 

10:25-10:45 
Ingrid Ukstins Peate 
University of Iowa 
United States of America 

Mafic volcaniclastic deposits in the East 
Greenland & Emeishan flood basalts: 
Tectonovolcanic evolution of 
voluminous hydromagmatic volcanism 

10:45-11:15 Coffee 

11:15-11:35 
Asger Ken Pedersen 
Natural History Museum of 
Denmark 

Volcanic morphological diversity 
produced by picritic eruptions into a 
large lake, Nuussuaq Basin, West 
Greenland. A photogrammetrical study 

11:35-11:55 
David W. Jolley 
University of Aberdeen 
United Kingdom 

Tracking the PETM in the North Atlantic 
Igneous Province 

11:55-12:15 
Max Rohrman 
Shell Exploration and Production 
Norway 

Prospectivity of volcanic basins: 
Examples from the North Atlantic and 
Western India 

12:15-12:35 Jana Ólavsdóttir 
Jarðfeingi 

Hydrocarbon exploration in volcanic 
rocks 

12:35-14:00 Lunch 
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Wednesday, 29th August 2007 – Session 2 
 
Session: Structural Evolution 
 
Session Sponsor: Statoil 
 
Convenor: David Ellis 
 

Time Presenting Author Title of Presentation 

14:00-14:30 
Keynote Lecture 

Anthony G. Doré 
Statoil 
United Kingdom 

Cause and effect in the tectonic 
development of volcanic passive 
margins: some key questions from the 
North Atlantic and elsewhere 

14:30-14:50 

Linda T. Elkins-Tanton 
Massachusetts Institute of 
Technology (MIT) 
United States of America 

Lithospheric thinning as a result of large 
igneous province formation: Magma 
bursts and basin formation 

14:50-15:10 
Christian Tegner 
University of Aarhus 
Denmark 

Chronology of magmatism in East 
Greenland: A history of spreading 
systems in the Northeast Atlantic 

15:10-15:30 Turid Madsen 
Jarðfeingi 

A window into the geology of 
Vestmannasund, Faroe Islands. 
Observations from the Vágar sub-sea 
tunnel 

15:30-16:00 Coffee 

16:00-16:20 Heri Ziska 
Jarðfeingi 

Fracture trends onshore Faroe Islands: 
Evidence for two rifting episodes offset 
in time and space? 

16:20-16:40 J. Derek Ritchie 
British Geological Survey (BGS) 

Palaeogene igneous complexes to the 
west and south of the Faroe Islands; as 
revealed from integrated seismic and 
potential field modelling 

16:40-16:45 Break 

16:45-17:15 Martin V. Heinesen 
Jarðfeingi 

History of geological research on the 
Faroe Islands 
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Thursday, 30th August 2007 – Session 3 
 
Session: Lava Morphologies and Environmental Impact 

 
Session Sponsor: BP 
 
Convenor: Jonathan Trueman 
 

Time Presenting Author Title of Presentation 

09:00-09:30 Registration 

09:30-10:00 
Keynote Lecture 

Thorvaldur Thordarson 
University of Edinburgh 
United Kingdom 

Flood basalt provinces and the 
environment: Mechanisms and 
consequences of flood lava eruptions 

10:00-10:20 
Anne-Lise Chenet 
University of Cambridge 
United Kingdom 

ATHAM modelling the sulphur dioxide 
emission during the emplacement of 
large flood basalt 

10:20-10:40 

Anne E. Jay 
Institut de Physique du Globe de 
Paris (IPGP) 
France 

The lava flow architecture of the Deccan 
flood basalt province 

10:40-11:10 Coffee 

11:10-11:30 
Rebecca-Ellen Farrell 
University of British Columbia 
Canada 

The physical volcanology of the 
Neogene Chilcotin Group basalts, 
south-central British Columbia, Canada:  
Insights into the competition between 
long-lived terrestrial volcanism and 
geomorphic processes 

11:30-11:50 Simon R. Passey 
Jarðfeingi 

Compartmentalisation of the Enni 
Formation, Faroe Islands Basalt Group: 
Constraining eruption episodes, 
depocentres and source directions 

11:50-12:10 
Stephen Self 
The Open University 
United Kingdom 

Style, magnitude, and rate of Deccan 
flood basalt lava eruptions 

12:10-13:30 Lunch 
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Thursday, 30th August 2007 – Session 4 
 
Session: Geochemical Evolution and Dating of Events 
 
Session Sponsor: Faroe Petroleum 
 
Convenor: Patrick Whitley 
 

Time Presenting Author Title of Presentation 

13:30-14:00 
Keynote Lecture 

Andrew D. Saunders 
University of Leicester 
United Kingdom 

The Siberian and North Atlantic Large 
Igneous Provinces compared 

14:00-14:20 
David W. Peate 
University of Iowa 
United States of America 

Constraints on the evolution of 
magmatic plumbing systems in the 
Palaeogene East Greenland flood 
basalt province by monitoring temporal 
changes in the type and extent of 
crustal assimilation 

14:20-14:40 
Regin Waagstein 
Geological Survey of Denmark and 
Greenland (GEUS) 

The pre-rift lava succession of the 
Faroe Islands 

14:40-15:00 
Nina Søager 
University of Copenhagen 
Denmark 

Remnants of thin equivalents to the 
Giekie Plateau and Rømer Fjord 
Formations, East Greenland, found on 
Fugloy and Sandoy on the Faroe 
Islands 

15:00-15:30 Coffee 

15:30-15:50 
Christian Tegner 
University of Aarhus 
Denmark 

Eruption of East Greenland and Faroe 
Island flood basalts in less than 300,000 
years 

15:50-16:10 
Paul Martin Holm 
University of Copenhagen 
Denmark 

Contrasting sources for North Atlantic 
margin and Iceland basalts: A 
discussion of effects from melting 
regime and plume composition 

16:10-16:30 Closure 
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Poster Presentations 
 

Number Presenting Author Title 

1 
Morten Sparre Andersen 
Geological Survey of Denmark 
and Greenland (GEUS) 

Log responses in basalt successions in 8 wells from 
the Faroe-Shetland Channel - a classification 
scheme for interpretation of geophysical logs and 
case studies 

2 
Morten Sparre Andersen 
Geological Survey of Denmark 
and Greenland (GEUS) 

Seismic facies analysis of volcanic sequences 
offshore the British Isles and the Faroes 

3 

Linda T. Elkins-Tanton 
Massachusetts Institute of 
Technology (MIT) 
United States of America 

Pressure and temperature of melting for the last 
lavas of the Siberian flood basalts: Results from 
experimental petrology 

4 
Rebecca-Ellen Farrell 
University of British Columbia 
Canada 

The physical volcanology of the Neogene Chilcotin 
Group basalts, south-central British Columbia, 
Canada:  insights into the competition between 
long-lived terrestrial volcanism and geomorphic 
processes 

5 
Alison M. Halton 
The Open University 
United Kingdom 

40Ar/39Ar laser probe dating of basalts from the 
Faroe Islands as an exemplar of the difficulties in 
obtaining precise absolute ages for eruptions 

6 

Anne E. Jay 
Institut de Physique du Globe 
de Paris (IPGP) 
France 

The magnetostratigraphy of the lower part of the 
Karoo continental flood basalt province: attempting 
to constrain eruptive pulses 

7 
Julia L. Kingsbury 
University of Cambridge 
United Kingdom 

Three-component wide-angle seismometer 
acquisition on the Glyvursnes-Vestmanna Seismic 
Tie (GlyVeST) 

8 Finn Mørk 
Jarðfeingi 

Applying Milankovich cycles to estimate the time 
span represented in the Prestfjall Formation – a first 
attempt 

9 Simon R. Passey 
Jarðfeingi 

Lithostratigraphic framework for the Faroe Islands 
Basalt Group, NE Atlantic Ocean 

10 
Pierre-Simon Ross 
Geological Survey of Canada 
(GSC) 

Submarine explosive eruption of mafic magmas in a 
possible Large Igneous Province from the Archean 
of Canada 

11 Hilmar Simonsen 
University of the Faroe Islands 

Hydrophone data acquisition along the Glyvursnes-
Vestmanna Seismic Tie (GlyVeST) 

12 Thomas Varming 
Jarðfeingi 

The use of the CVES resistivity method in the 
Faroes aiding the mapping of coal-bearing 
sediments 
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ENI Session 

Wednesday, 29th August 2007 

Convenor: Simon Beswetherick 

09.00 – 12.35 
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Alteration Processes of the Interflows and Related Durations in the Deccan and Karoo 

Traps 

Gérard, M. 

IRD CEREGE, Institut de Minéralogie et Physique des Matériaux Condensés, Paris 

gerard@impmc.jussieu.fr 

The trap interflows record volcanic quiescence. They vary from direct contact between 
lava flows (short time between flows, or erosion) to altered horizons or sediments (long time). 
Various interpretations of these layers, mostly based on geochemical data, have been 
proposed in the literature: weathered basalts or pyroclasts, soils, baked zone. In the Deccan 
traps the red interflows (“red boles”) are generally less than one meter thick, mainly occurring 
in the upper part of the traps, in the Ambenali and Mahabaleshwar Formations. Profiles of 
several interflows, including lava flows either side, the lower and upper flows, were sampled 
in those Formations. A sharp transition relative to the colour and lithology occurs below the 
upper lava flow. The thinner Red Boles, a few centimetres thick, consist of red silty clay 
below an altered upper flow base. Thicker interflow red boles consist of an altered upper flow 
base, a red silty clay (over a few tens of cm thick) grading to reddish pink silty clay (up to one 
metre thick) with friable vesicular relics of basalt blocks. Deeper, the alteration of the lower 
lava flow is still decreasing downward from red-brown clay-jointed blocks to massive altered 
blocks. Micromorphology, mineralogy and microgeochemistry data obtained on such profiles 
allow us to describe alteration processes in the interflows. The mineral paragenesis is 
smectites, zeolites and hematite. From the upper part toward the lower part of the profile, the 
smectites show different trends: Al to Fe-Mg rich. Micromorphological observations reveals 
voids or fissures coated by lamellar smectites, botryoidal growth of Mn oxides, infillings of 
zeolites, smectites pseudomorphoses. The red silty clay is characterized by mixed balls of 
smectites-hematite. The maximum alteration is located at the base of the upper flow. The 
mineralogy and geochemistry is typical of deuteric and/or hydrothermal alteration. No 
pedogenic characteristics were noticed. A comparison is proposed with similar red interflows 
from the Massif Central and red soils from the Columbia River. Preliminary results from the 
interflows of the Karoo traps will be also discussed. The estimation of duration of the 
interflows is related to their thickness and morphology and related processes (weathered 
surface subsequently covered by another flow, circulation of hydrothermal fluids…). Decades 
are estimated for thin interflows related to deuteric/hydrothermal alteration. If a saprolitic 
morphology in the lower flow is preserved (longer weathering period prior to hydrothermal 
alteration), a range from 1 to 50 kyr is proposed when compared to other palaeoregoliths 
submitted to various climatic conditions. These durations are in agreement with a parallel 
detailed magnetostratigraphic study (Chenet et al., this meeting). Mineralogical signatures and 
secular variation of the geomagnetic field can then be used as a relative time proxy. 
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Alteration of basaltic rocks as revealed by in situ measurements of physical properties 

Andersen, M. S.1 and Boldreel, L.O.2 
1GEUS, Østervold Gade 10, DK-1350, Denmark 

msa@geus.dk 

2Geological Institute, Copenhagen University, Østervold Gade 10, DK-1350, Denmark 

Well logs from exploration wells penetrating successions of basaltic rocks provide 
systematic in situ measurements of physical properties along vertical sections. Logged 
properties such as density, seismic velocities, resistivities, neutron porosity and natural 
gamma radiation change during alteration of basalts. We have investigated alteration in basalt 
successions in the Faroe-Shetland Channel of a combined thickness of ca. 4000 meters using 
log data from seven boreholes. 

Hydration of the basaltic rocks in the investigated boreholes causes the neutron 
porosity log to overestimate porosity by as much as 12-16%. Two types of hydration 
processes are distinguished using neutron porosity log in combination with bulk density log 
and/or sonic log (bulk density being the preferred where measurements are of sufficient 
accuracy).  

1. Matrix re-crystallisation involves whole rock hydration without noticeable 
porosity reduction. 

2. Vesicle filling involves reduction of pore space by crystallisation of hydrous 
minerals. 

The relative importance of these two types of hydration affecting individual beds can 
be estimated from the log data without access to additional data. In the Faroe-Shetland region 
matrix re-crystallisation appears to be the dominant hydration process. 

The type and degree of hydration are generally constant throughout emplacement 
units, and within a well the degree of hydration generally change little between basaltic units 
of similar emplacement character. We relate most hydration to burial processes. 

Recognising type and degree of hydration allow improved estimates to be generated 
for porosity and vesicularity of the penetrated successions. 

Natural gamma radiation above the unit average is frequently observed in the upper 
part of lava units.  The distribution of "anomalous" natural gamma radiation within the lava 
units indicates that gamma radiation was increased before burial of the lava bed presumably 
as a result of soil formation. Pre-burial alteration of the basalt succession is generally not 
reflected by the other parameters measured in situ in the wells. 
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Explosive initiation of mafic volcanism in the Ferrar Large Igneous Province, 

Antarctica: 70 m-wide clastic dikes, debris avalanches, pyroclastic flows, and 

phreatomagmatic vent complexes 

Ross, P-S.1, 2 and White, J.D.L.1 
1Department of Geology, University of Otago, PO Box 56, Dunedin, New Zealand 

2Now at: Geological Survey of Canada, 490 rue de la Couronne, Québec (QC), G1K 9A9, Canada 

pross@NRCan.gc.ca 

Mafic Large Igneous Provinces (LIPs) are generally assumed to consist exclusively of 
thick lava flows and shallow intrusives, whereas in silicic LIPs, explosive volcanism is often 
thought to constitute a major part of the activity. However mafic volcaniclastic deposits are 
actually known in various proportions from the Afro-Arabian, Columbia River, Deccan, 
Emeishan, Ferrar, Karoo, North Atlantic (including the Faroe Islands), Ontong Java, and 
Siberian LIPs (Ross et al. 2005). On the Siberian Platform for instance, up to 700 m of poorly 
documented, predominantly mafic volcaniclastic deposits occupy several hundred thousand 
square kilometres.  

In the Ferrar LIP of Antarctica, during the early stages of volcanism, rising mafic 
magma encountered poorly consolidated sandstone aquifers. The sedimentary beds were 
easily excavated by phreatomagmatic explosions, and detrital sand-sized quartz particles are 
consequently abundant in the poorly sorted, structureless lapilli-tuffs and tuff-breccias that 
dominate the LIP-related fragmental products. At Coombs Hills, the coalescence of diatreme-
like volcanic conduits eventually formed a 5 km-wide phreatomagmatic vent complex (Ross 
& White 2006). These structureless deposits are cross-cut by clastic dikes ranging in width up 
to 70 m, representing some of the largest clastic intrusions exposed anywhere onland (Ross & 
White 2005a). We infer that the material for the largest dykes was elutriated from their host's 
matrix, due to the presence of important magma bodies (e.g., sills) within the Coombs Hills 
complex. The nearby Allan Hills display a succession of primary volcaniclastic layers, some 
of which appear to have been derived from the Coombs Hills complex. Most layers probably 
are the deposits of pyroclastic flows (Ross & White 2005b). Underlying these beds we find a 
debris avalanche deposit up to 180 m in thickness, dominated by sedimentary material. It 
contains basaltic bodies which were hot during transport, revealing the role of LIP 
magmatism in triggering the avalanche – possibly in relation to the emplacement of large 
subsurface intrusions (Reubi et al. 2005). 

 
Reubi, O., Ross, P.-S. & White, J.D.L. 2005. Debris avalanche deposits associated with large igneous province 
volcanism: an example from the Mawson Formation, central Allan Hills, Antarctica. Geological Society of 
America Bulletin, 117, 1615-1628. 

Ross, P.-S., Ukstins Peate, I., McClintock, M.K., Xu, Y.G., Skilling, I.P., White, J.D.L. & Houghton, B.F. 2005. 
Mafic volcaniclastic deposits in flood basalt provinces: a review. Journal of Volcanology and Geothermal 
Research, 145, 281-314. 

Ross, P.-S. & White, J.D.L. 2005a. Unusually large clastic dykes formed by elutriation of a poorly sorted, 
coarser-grained source. Journal of the Geological Society, London, 162, 579-582. 

Ross, P.-S. & White, J.D.L. 2005b. Mafic, large-volume, pyroclastic density current deposits from 
phreatomagmatic eruptions in the Ferrar large igneous province, Antarctica. Journal of Geology, 113, 627-650. 

Ross, P.-S. & White, J.D.L. 2006. Debris jets in continental phreatomagmatic volcanoes: A field study of their 
subterranean deposits in the Coombs Hills vent complex, Antarctica. Journal of Volcanology and Geothermal 
Research, 149, 62-84. 
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Mafic Volcaniclastic Deposits in the East Greenland & Emeishan flood basalts: 

Tectonovolcanic evolution of voluminous hydromagmatic volcanism 

Peate, I. U.1, Bryan, S.2, He, B.3 and Xu, Y.3 
1Dept. of Geoscience, 121 Trowbridge Hall, University of Iowa, Iowa City, IA 52242, USA 

ingrid-peate@uiowa.edu 

2School of Earth Sciences & Geography, Kingston University, London, United Kingdom 

3Key Laboratory of Isotope Geochronology and Geochemistry, Guangzhou Institute of Geochemistry, 
Chinese Academy of Science, Guangzhou, China 

Mafic volcaniclastic deposits in flood basalt provinces provide important constraints 
on tectonovolcanic evolution, and primary volcanic deposits can be used to evaluate eruption 
and emplacement mechanisms of events that may have had an impact on regional or global 
climate (Ross et al. 2006). We assess mafic volcaniclastic deposits in two flood basalt 
provinces (East Greenland, North Atlantic LIP & Emeishan, SW China) to constrain the role 
of hydromagmatic volcanism in province evolution. The early stage of volcanism in East 
Greenland was dominated by hydromagmatic eruptions, composing ca. 35% of the 
volcanostratigraphy. Volcanism initiated with subaerial explosive eruptions; units contain 
abundant (>50%) quartz grains from underlying unconsolidated sandstones acting as 
reservoirs during magma-water interaction. Overlying volcaniclastic deposits represent three 
cycles of subaqueous to subaerial volcanism, with increasing explosivity in each cycle, 
culminating in a thick sequence of surge deposits and bomb beds, with reworked pyroclastic 
material shed into distal basins. The basal ~200 m of the main stage of flood volcanism 
contains few thin magmatic airfall tuffs. Voluminous and widespread clastic deposits in the 
basal Emeishan flood basalts, previously thought to be alluvial, are basaltic hydromagmatic 
and form a package up to 485 m thick. Individual units contain abundant accretionary lapilli 
(≤2 cm), blocky and fluidal altered glassy basalt with a range of vesicularity, and cored bombs 
(≤20 cm). Accidental lithic fragments of limestone are ubiquitous, (up to 60 volume % ), from 
blocky clasts of 30 to 40 cm to <1 mm particles in fine-grained units. Pillow lavas and 
limestones are intercalated with the main phase of flood basalts. The Emeishan and E. 
Greenland provinces show strong hydromagmatic influence during initial stages of volcanism. 
Water sources in Greenland were shallow marine seas and basinal aquifers, and Emeishan 
sources were shallow marine carbonate reef platforms. The cessation of hydromagmatism in E 
Greenland is likely due to the abrupt increase in magma-water ratio during initiation of 
voluminous flood basalt effusion, both swamping the hydromagmatic signal as well as cutting 
water access to magma. Hydromagmatism can fundamentally alter the eruptive processes of 
flood basalts, resulting in voluminous explosive eruptions with significant climate impact. 
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Volcanic morphological diversity produced by picritic eruptions into a large lake, 

Nuussuaq Basin, West Greenland. A photogrammetrical study 

Pedersen, A.K.1, Larsen, L.M.2 and Pedersen, G.K.3 

1Natural  History Museum of Denmark 

AKP@snm.ku.dk 

2Geological Survey of Denmark and Greenland 

3Institute of Geography and Geology, Øster Voldgade, DK-1350 Copenhagen K, Denmark 

The Vaigat Formation (ca. 60 Ma) in West Greenland consists of picrites that were 
erupted both subaerially and subaqueously into the Nuussuaq Basin. In the final stage of the 
picrite volcanism a large lake, the Naajaat Lake, existed on Nuussuaq in an inner basin 
between a volcanic front moving eastwards and an inner basin margin of uplifted Precambrian 
gneiss. Thick mud deposits accumulated in the Naajaat Lake, and the unconsolidated mud 
formed an easily compressible substrate. To study the many excellent, often inaccessible 
exposures of picritic lavas and pyroclastic rocks filling the lake, a large area on Nuussuaq was 
photographed with stereo-overlap with calibrated cameras from helicopter. The exposures 
were then measured quantitatively using multi-model photogrammetry to produce maps and 
sections. The results show that eruption sites are abundant and that the area with active 
feeders grew with time, so that the easternmost feeders migrated with the volcanic front. The 
numerous eruptions of volatile-poor low-volume batches of magma have created an 
abundance of volcanic features rarely seen elsewhere, in addition to common and general 
features. General features are successions of thin pahoehoe lava flows and foreset-bedded 
hyaloclastites forming Gilbert-type deltas when lava flows entered the lake. More unusual 
features comprise synvolcanic landslides at the palaeo-shore, rapid differential subsidence of 
lava and hyaloclastite successions caused by rapid mudstone compaction, and abundant 
subaqueous hyaloclastite mounds veined by small swarms of irregular feeder bodies grading 
into hyaloclastite.  

The Vaigat Formation is almost devoid of explosive volcanism except for rare sites 
associated with eruption of sediment-contaminated magmas. However, two spectacular 
phreatic picritic crater structures, each between 600 and 800 m in diameter occur within the 
former lake. The oldest (western) crater comprises the remnants of three consequtive well-
bedded pyroclastic cones of which the upper one was subaerial. The youngest (eastern) crater 
was a well-bedded pyroclastic cone situated on the volcanic front and rising 50 m above the 
lake surface. The presence of abundant and almost unmetamorphosed mudstone fragments 
within the pyroclastic rock indicates that the source of the steam eruptions was volatiles 
liberated from the mud. 

The diverse morphologies created by the picrites meeting the lake sediments, several 
of which are potential reservoirs, should be of considerable interest for the assessment of off-
shore sections of volcanic margins in a hydrocarbon exploration context. 
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Perceptions of the current importance of climate change on the biosphere, has 
focussed attention on the Palaeogene hyperthermal event, the PETM, as a potential proxy. 
While the cause of this short term hyperthermal at the end of the Palaeocene has been 
attributed to the atmospheric oxidation of methane, diverse mechanisms for producing this 
methane burst have been proposed. One of the mechanisms suggested has been volcanism 
associated with the North Atlantic Igneous Province. 

Understanding the nature of this relationship depends on the identification of points 
where the PETM occurs in conjunction with radiometrically-dated igneous rocks. Indirect 
evidence for the stratigraphical position of the PETM within the NAIP has been proposed by 
several authors, utilising data from the Hebrides, Faroe Islands and offshore NE Atlantic. 
However, the precision necessary to achieve an understanding of the relationship between 
NAIP eruptive volcanism and the PETM, has not been attained. In particular, the recognition 
of the PETM hyperthermal event within the centre of the lava field, currently exposed in the 
Faroe Islands has not been achieved, limiting our understanding of the potential for LIP 
volcanism as a causal factor. 

While additional isotopic dating analysis of the Faroe Islands Basalt Group is not 
attempted, offshore hydrocarbon exploration wells in Faroese waters have been used to 
determine the position of the PETM within the regional sequence stratigraphical framework. 
This correlation has been achieved by using geochemical analysis in conjunction with detailed 
bio and sequence stratigraphy. These techniques are also applied to exposed and drilled 
sections of the NAIP lava field on the Faroe Islands, and result in an accurate insight into the 
position of the hyperthermal in the context of the lava field. 
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Prospectivity of volcanic basins: Examples from the North Atlantic and Western India 
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Volcanic basins are here defined as sedimentary basins significantly affected with 
flood basalt volcanism and associated intrusive activity. Hydrocarbon exploration has 
traditionally avoided basins dominated by volcanics and igneous intrusions mainly because of 
the inability to see below basalts on seismic data and the perceived detrimental effect of 
volcanic activity on the petroleum system. However, increasing depletion of hydrocarbon 
reserves in traditional European heartlands such as the North Sea shifted focus toward more 
volcanic basins such as the nearby northeast Atlantic margin. Recent seismic advances 
focusing on low frequencies have significantly enhanced structural imaging, but not the 
seismic resolution. Currently, the sub-basalt play is mainly a structural play. On the North 
Atlantic margin, success has been booked with the discovery of the sub-basalt anticlinal 
Corrib gas field, offshore Ireland. However, not all sub-basalt anticlines observed on seismic 
data are valid prospects because some of them are located directly above large igneous 
complexes, displaying highly overmature and overcompacted sedimentary sections with little 
porosity. Use of filtered gravity and magnetic data and potentially seismic velocity analysis 
can easily delineate and subsequently de-risk these prospects. Sill intrusion can generate 
subtle anticlinal traps that might be valid prospects because the thermal effect of sills is 
relatively limited. Thus, there is less chance of generating an overmature prospect, unless the 
sills occur in high numbers. Filtered gravity and magnetic data sets, in combination with local 
geology, can be used in the early stages of sub-basalt exploration to low-grade regions with a 
high amount of large intrusives. This approach is highlighted for the North Atlantic volcanic 
province and offshore western India. Potentially, the most prospective regions of volcanic 
basins are where flood basalts simply blanket sedimentary basins without intrusives in the 
direct subsurface. In this case, basalt thickness estimation and associated burial depth become 
an important parameter to estimate prospectivity. Seismic modelling suggests that it might be 
difficult to constrain basalt thickness from seismic sections without reliable calibration. 
Although an increase in volcanism in sedimentary basins generally tends to increase risks, 
proper integration of geophysical and geological data should be able to better evaluate 
volcanic basins. 
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The general belief is that volcanic regions should be avoided as potential hydrocarbon 
reservoirs, but worldwide there have been hydrocarbon discoveries in volcanic regions. The 
volcaniclastic rocks can be divided into four major classes: autoclastic, pyroclastic, 
hydroclastic and epiclastic rocks, where the epiclastic class, usually offer the best reservoir 
potential of these four volcaniclastic rock types. 

The Faroe/Rockall platform consists of a thick basalt plateau where parts are covered 
by post-basalt sediments and beneath the basalt there are, most likely, siliciclastic sandstone 
and continental crust. Therefore, the focus in the Faroese area in relation to hydrocarbon 
exploration has mainly been on the pre-basalt strata because of the expected siliciclastic 
composition of the sandstones. The post- and intra basalt sediments in the Faroese part of the 
Faroe-Shetland Channel consist partly of volcaniclastic sediments which are deposited in an 
epiclastic setting. These can be expected to be similar in composition to the intra basalt 
sediments. In 2004, the Rosebank hydrocarbon discovery in an intra basalt sequence has 
focussed attention to this type of play. 

So far, there has not been much focus on the other types of volcanic deposits such as 
lava flows, pyroclastic units and hyaloclastites, but there are examples of hydrocarbon 
discoveries in most of these classes from around the world and we will look through some of 
these in order to highlight the potential for hydrocarbon discoveries in volcanically derived 
units. 
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Cause and effect in the tectonic development of volcanic passive margins: some key 

questions from the North Atlantic and elsewhere. 
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Volcanic passive margins (VPM) are a common margin type worldwide. The NE 
Atlantic is often considered the archetype, extending from the southern tip of Greenland and 
its conjugate Hatton Bank margin and northward to Lofoten and its conjugate NE Greenland 
margin. VPMs are characterized by intrusives including central complexes, sills and their 
feeder dikes, as well as by extrusives such as volcanic vents above sill terminations, seaward 
dipping reflectors and their inboard basalt flows, and widely distributed tuffs. Commonly, a 
high velocity (7+ km/sec) lower crustal body is observed by seismic refraction along the outer 
part of VPMs, and is usually interpreted as underplated material. Volumetrically, the high 
velocity body has been suggested to make up 60-80% of the magmatic volume in these large 
igneous provinces. 

In terms of exploration, the magmatic features of VPM represent challenges, primarily 
related to imaging, but locally also related to increased heatflow. Especially along the outer 
portions of the margins, the inner basalt flows mask potential exploration targets. Significant 
effort has gone into improving sub-basalt imaging over the last decade and while important 
advances have been made, the much improved images still are far from unequivocal in terms 
of interpretation. A recent example of such a challenge is the Brugdan well offshore the Faroe 
Islands.  

A common explanation for the development of VPMs is elevated mantle temperatures 
and a high rate of extension/separation. The high mantle temperature is almost invariably 
attributed to a mantle plume. There is little doubt that Iceland today represents a hotspot 
underlain by a low-velocity upper mantle anomaly.  However, it is less clear whether the 
anomaly represents a classic, deep-seated fixed plume over which the lithosphere drifts.  It is 
usually assumed that such a plume was responsible for the development of the North Atlantic 
Igneous Province, including the NE Atlantic VPM. A Palaeocene magmatic event along a 
2000 km NW-SE axis, marked by the British Volcanic Province, preceded NE Atlantic break-
up by 6-8 m.y. and was oriented at near right angle to the subsequent line of break-up. 
Subsequently, the plume is required to have coalesced into a more classic mushroom shape 
with a narrow stem, supposedly identifiable with some precision on Iceland.  The common 
tendency to explain all Tertiary magmatic features by a single long-lived mantle plume 
requires extraordinary acrobatics on the part of the plume in both time and space. Some 
authors even propose that a single plume existed since the earliest Triassic, governing the 
development of several large igneous provinces in the northern hemisphere. We suspect that 
several causative agents are required to explain the many magmatic features lumped into the 
North Atlantic Igneous Province. 

Whatever the specific mantle perturbation causing Iceland, it is undeniable that it is 
associated with a massive geoid deflection.  We propose that body forces associated with this 
anomaly are responsible for the suite of post-break-up passive margin compressional features 
observed along the NE Atlantic.  These features include large folds involving the masking 
basalt flows. Some of the compressional features started to form at different times in the Early 
to Middle Tertiary, but generally all were affected by an Early to Middle Miocene phase of 
compression. We speculate that this compressional event relates to the generation of the 
Iceland Insular Margin.   We show some preliminary modelling to support this concept and 
identify a need to rectify the surprising lack of age data on the Iceland Insular Margin. 
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Lithospheric thinning as a result of large igneous province formation: Magma bursts 

and basin formation 
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The lithosphere must be affected by the transport of the magma that forms a basaltic 
province. If rising magma has adequate volume and pressure head it may dike through 
sufficiently viscous or brittle lithosphere or crust. Initial low-volume melts or melts that rise 
away from the main paths to eruption, however, may percolate into the lower lithosphere and 
there rapidly die a “heat death” as the lithospheric geotherm deviates from the mantle solidus. 

 In a lithosphere lying within the eclogite stability field, intruding melts may freeze in 
an eclogite mode and thus create an anomalously dense lower-lithospheric region. If a lower 
lithosphere is intruded by ca. 20% magma, its density may be increased by ca. 200 kg/m3, 
corresponding to a density anomaly of about 5%. In addition to negative buoyancy, the 
freezing magma releases latent heat sufficient to reduce a temperature-dependent lithospheric 
viscosity by almost two orders of magnitude. 

Dense, ductile lower lithosphere is unstable and will form a perturbation in the 
lithosphere-asthenosphere boundary that will grow into a drip and sink into the mantle. 
Though commonly referred to as delamination, this process is more accurately called 
gravitational instability. Density contrasts in the range calculated here are fully sufficient to 
drive gravitational instabilities, and inferred viscosities low enough to allow formation and 
sinking on the time scale of the formation of a basaltic province.  

If this hypothesized process is viable, the initiation of a basaltic province may trigger 
multiple instabilities and effectively thin its lithosphere. Although ductile instabilities do not 
create significant lower-lithospheric topography, as they sink they produce active 
asthenospheric eddies that can significantly speed adiabatic mantle melting. Numerical 
experiments demonstrate that this process can produce voluminous bursts of magmatism in a 
forming basaltic province. The surface topographic consequences of the instabilities are less 
certain. The magnitudes of the positive upwelling and negative instability buoyancies, the 
planform and size of instabilities, and existing lithospheric structure may interact to create a 
complex surface signature. Numerical experiments of a single mantle upwelling aligned with 
a large instability, however, indicate that the formation of broad basins is possible, as is the 
formation of a central dome with a compensatory ringed basin. 
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Intrusive and extrusive magmatism at the East Greenland rifted margin is long-lived 
from 61 to 14 Ma. While early pre-break-up magmatism (61-58 Ma) and the main flood basalt 
event (55 Ma) can be explained by continental rifting and subsequent rupture, possibly over 
the Iceland mantle plume, the prolonged post-break-up activity requires additional 
explanations. Post-break-up magmatism is particularly pronounced at the landward end of the 
Greenland-Iceland-Faroes Rise (66-69°N), both in the form of gabbro-syenite-granite 
intrusions exposed on land (51-35 Ma) and basaltic lavas drilled off shore (50-45 Ma). Further 
north (71-73°N), post-break-up gabbro-syenite-granite intrusions (41-25 Ma) occur at the 
landward end of the Jan Mayen Fracture Zone and coincide with a large magnetic anomaly 
that extends seaward. We explain the formation of post-break-up magmatism as a result of 
reorganization of spreading systems in the Northeast Atlantic. The spreading system 
established at break-up were composed of three main segments from south to north: the proto-
Reykjanes ridge; the proto-Aegir ridge; and the proto-Mohns ridge. Of these, the proto-Aegir 
ridge was displaced to the east, connected via major transforms. Today, the Aegir ridge is 
defunct and the Reykjanes and Mohns ridges are connected via spreading at the Kolbeinsey 
ridge and transform zones at Iceland and the Jan Mayen Fracture Zone. Our hypothesis is that 
the post-break-up magmatism in East Greenland was linked to the westward jump that 
established the proto-Kolbeinsey ridge. In this scenario, the abundant post-break-up 
magmatism at the landward end of the Greenland-Iceland-Faroes Rise was caused by the 
initial establishment of the proto-Kolbeinsey ridge. Subsequent northwards propagation 
resulted in second-stage continental rifting and magmatism, splitting the Jan Mayen 
microcontinent from the East Greenland margin. Later, the connection of the proto-
Kolbeinsey ridge to the Jan Mayen Fracture Zone caused abundant post-break-up magmatism 
of the Mestersvig area, establishing the present-day spreading configuration at about 25 Ma. 



1st Jóannes Rasmussen Conference: Evolution of Basaltic Provinces 
 

25 

A window into the geology of Vestmannasund, Faroe Islands. Observations from the 

Vágar sub-sea tunnel 

Madsen, T. 

Jarðfeingi, Brekkutún 1, P.O. Box 3059, FO-110 Tórshavn, Faroe Islands 

turid.madsen@jardfeingi.fo 

Most of the Faroese fiords and sounds have a NW-SE direction and the hypothesis was 
proposed, that they were associated with major fracture zones and volcanic eruption systems 
(Rasmussen & Noe-Nygaard, 1969). Drilling of the Vágar Tunnel made it possible to log a 5 
km long continuous section across Vestmannasund and test the hypothesis. 

In preparation for the tunnel, field work was performed along both sides of 
Vestmannasund, four straight geotechnical cores up to 170 m long were drilled, and 
reflection, as well as refraction seismic surveys were undertaken in Vestmannasund. From the 
refraction seismic, low velocity zones were defined and were suggested to be possible fracture 
zones (Taugbøl & Øverland, 1989). A 440 m long deviated core was drilled through four of 
these low velocity zones. The core primarily consisted of compact basalt with no signs of 
zones of weakness, so the hypothesis was rejected. 

As soon as the tunnel was excavated along the entire length, field work was performed 
in the tunnel. The engineering company, LBF, supervising the tunnel work, had mapped the 
tunnel while drilling, focusing on the fractures, but also mapping the geological boundaries. 
Their mapping was a good basis for more detailed field work by Jarðfrøðisavnið (now 
Jarðfeingi). Unfortunately, it was not possible to study the fracture zones, because these had 
been injected and covered by cement to avoid water leakage into the tunnel. However, the 
mapping by LBF showed that the fracture zones were typically <5 m wide. 

Logging of the Vágar Tunnel revealed that the stratigraphy in the area is dominated 
ca. 20 m thick compound lava flows, usually separated by thin volcaniclastic units. It turned 
out that the fracture zones were mostly concentrated on the Streymoy side of the tunnel and 
that the fracture zones below Vestmannasund were quite few and insignificant. Furthermore, 
there were no dykes below the sound. Thus there were no indications to support the 
hypothesis that the Faroese fiords and sounds may be associated with major fracture zones 
and/or eruption systems (i.e. dyke swarms). 

There does not seem to be a clear correlation between the 'low velocity zones' and the 
fracture zones. Low velocity zones could possibly reflect concordant features such as 
volcaniclastic layers or, more likely, the vesicular/amygdaloidal upper crusts of the individual 
compound flow lobes. 

 
Rasmussen, J. & Noe-Nygaard, A. 1969. Beskrivelse til Geologisk Kort over Færøerne i Målestok 1:50 000. 
Danmarks Geologiske Undersøgelse, København, 1/24, p. 370. 

Taugbøl & Øverland, 1989. Tunnel under Vestmannasund. Vágatunnil. Ingeniørgeologisk rapport 8082.1. 
Utarbeidet for Landsverkfrøðingurin, 8082.1, p. 18. 
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The geology of the Faroe Islands consists mostly of flood basalts of the Faroe Islands 
Basalt Group, which are part of the North Atlantic Igneous Province. The intrabasaltic 
Prestfjall Formation represents a volcanic hiatus. This presentation will present evidence that 
the volcanic hiatus represents the period between two volcanic rifts which were offset in time 
and space. 

There are a number of dykes and fractures onshore Faroe Islands. These are easily 
recognisable in the field as deep gorges. The dykes and fractures can also bee seen on aerial 
or satellite photos on more flat-lying areas as long, narrow depressions in the landscape. 

Mapping the fractures shows that there are two dominating trends: a bimodal E-W to 
ENE-WSE in the north and a unimodal NNW-SSE in the south. Correlating the preferred 
directions with the age of the host rock reveals that the NNW-SSE is dominant in the oldest 
basalt formation, the Beinisvørð Formation. While the more E-W to ENE-WSE fracture trend 
is prevalent in the younger Malinstindur and Enni basalt dominated formations. The younger 
basalt formations are separated from the Beinisvørð Formation by a sequence of coals and 
clays of the Prestfjall Formation, which implies a fairly substantial volcanic hiatus. 

Many of the fractures contain dykes, which constrains the age of the fractures to have 
formed during the volcanic period, which is believed to have ceased in the Early Eocene. 
Later faulting is thus not likely to be the primary cause of the mapped fractures, although 
some of the shorter fractures towards the northwest seem to be associated with later 
uplift/subsidence, which is controlled by underlying structures. 

The preferred interpretation of these indications is that the Beinisvørð Formation was 
extruded as part of a transient rift which was located to the west of the islands. This was 
followed by a volcanic quiescence, before renewed volcanism was initiated, firstly as shield 
volcanoes (Malinstindur Formation), but slowly grading into fissure eruptions (Enni 
Formation), the latter being associated with final continental break-up. 
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A total of 25 igneous centres or complexes have been inferred within the Faroe-
Shetland (6) and Hatton-Rockall (19) areas of the NE Atlantic Igneous Province (NAIP) 
mainly on the basis of cursory examinations of seismic and/or potential field data. The results 
of integrated seismic and potential field modelling have been applied in the investigation of 
the Frænir, Faroe Bank Channel Knoll, Drekaeya, Sigmundur and Regin Smiður complexes to 
the west and south of the Faroe Islands. It is likely that substantial dense basic plutonic 
masses underlie the majority of these complexes and are associated with central volcanoes 
that are in various stages of preservation. The dimensions of these complexes are comparable 
with others within the NAIP. Local gravity lows suggest the possibility that additional low 
density intrusive bodies may be present within the Faroe Bank High and just NW of Mykines. 
In terms of their volcanic preservation, the Faroe Channel Knoll Complex is associated with 
arcuate escarpments that are demonstrably linked with radial extrusion from an eroded central 
vent whereas the Regin Smiður Complex appears to form either a deeply eroded volcano or a 
large caldera with associated parasitic cones. The Frænir Complex may be a sub-basalt feature 
that predates the lavas. Seismic mapping of lava flows bounded by escarpments around four 
of these complexes (and also the nearby Darwin Complex) have permitted relative age 
comparisons to be made between the various successions. The stratigraphically youngest 
lavas in the area appear to be associated with the Faroe Bank Channel Knoll Complex and 
Regin Smiðjur, which rest on the flood basalt lavas that blanket the area. 
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Previous enquiries into the geological evolution of the Faroe Islands can be traced 
back to a letter dated 26th April 1626, from the Danish authorities, instructing that 
occurrences of coal on the islands should be investigated in detail. Forty-seven years later, in 
1673, Lucas Debes provided some brief comments on the presence of Faroese coal deposits, 
together with details on a few minerals. Three coal locations were plotted on the first known 
map of the Faroe Islands, prepared by Commander Juul for a report to the Danish 
government, in 1710, and towards the end of the 18th century, the Danish Captain and 
Commander in Tórshavn, Christian L.U. von Born, noted, for example, that the islands are 
made of basalt, of presumed volcanic origin. Sir George Mackenzie and Thomas Allan, who 
individually communicated their observations to the Royal Society of Edinburgh based upon a 
joint visit to the islands in 1810, provided more detailed accounts. The first attempt to 
subdivide the lava sequence was provided by the Dane, Johan Forchhammer, based upon a 
visit to the islands in 1821 with the British geologist, Walter Trevelyan. Another joint visit to 
the islands in 1879 by Amund Helland of Norway and James Geikie of Scotland provided a 
wealth of new observations and resulted in the publication of papers with revised and more 
detailed geological maps in 1880, detailing both the volcanic rocks and the glacial history of 
the islands. In 1936, Frederick Walker and Charles Davidson of Scotland investigated the 
petrology of the volcanic rocks and provided a five-fold subdivision of the basalt lavas. The 
next major phase of geological investigation is the benchmark memoir and geological map 
prepared by Jóannes Rasmussen and Arne Noe-Nygaard, based upon a detailed survey of the 
entire archipelago. Much of the work was undertaken in the 1950s and 1960s and was 
published in 1969, with an English translation appearing in 1970. Since then, there have been 
many studies on a wide range of topics, both onshore and, due to a major phase of exploration 
by oil companies, east and southeast of the islands in the Faroe-Shetland Basin.
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Flood basalt volcanism is distinguished from other basaltic magmatism by repeated 
mega-scale eruption (100s-1000s km3), which in periods as short as 0.5-1 myr have formed 
Large Igneous Provinces with volumes of 105-106 km3. Individual eruptions featured activity 
on 10s–100s km-long fissures and constructed 1000s-10000s km2 lava flow fields. Recent 
studies have revolutionised the way we think about flood basalt lava flows. Once thought to 
be simple, extensive voluminous sheets of aa-like lava, close examination of the constituent 
flows has revealed that they are compound pahoehoe, where each flow consists of multiple 
flow lobes that exhibit structures indicative of insulating lava transport and lobe inflation. 
Emplacement is governed by endogenous growth, where lava is transported in internal 
pathways beneath a coherent stationary crust, which keep cooling rates to <1°C/km and feed 
hot and fluid lava to active flow fronts. As lava breaks out of the pathways, it forms new lobes 
that immediately are sealed by crust and grow in thickness and length by inflation. In due 
course the flow of lava is confined to a new extension of the pathway and the breakout-
process is repeated. It is by this step-wise mechanism of forming lobe after lobe that flood 
basalt lavas made their way across the landscape to form the largest lava flows on Earth. 

Individual eruptions lasted for years to decades and mean eruption rates were in the 
range of 103-104 m3/s DRE, or 3x107-1x108 kg/s. To put this into perspective, about 10 years 
of activity at the AD1783 Laki peak eruption rate (1.2 x 107 kg/s) would produce a lava flow 
field of flood basalt dimensions. Occurrence of spatter, spatter-fed lava, and scoria fall 
deposits along eruptive fissures are testimony of vigorous fire fountains and episodic 
explosive activity during flood basalt eruptions. Calculations indicate fountain heights of >1.5 
km and plume heights in excess of 15 km during periods of peak output. The volatile mass 
released by continental flood lava eruptions is staggering or ca. 10.000 megaton (Mt) SO2 and 
ca. 1900 Mt HF+HCl per 1000 km3 of magma erupted. Therefore, individual events are likely 
to have produced atmospheric perturbations on the scale of a severe "volcanic" winter that 
lasted for decades and may have acted as a trigger to major shifts in the climate. 
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Recent and historical eruptions have shown that the environmental and climatic impact 
of volcanoes are linked to the time-sequence of eruptions, amount and composition of emitted 
gases, and the altitude of these emissions. In the case of effusive eruptions such as continental 
flood basalts emplacement (for example the Deccan traps), the altitude depends on the 
formation of convective cells by the heating of the air mass above the large basalt flows. In 
order to better understand the physical factors controlling this mechanism, we used and 
adapted the ATHAM (Active Tracer High-resolution Atmospheric Model) model, originally 
created for reproducing biomass burning and explosive volcanic activity. Based on previous 
palaeomagnetic, geomorphologic and geochemical analyses on the Deccan traps (see Gérard, 
this meeting), we entered the size of lava flows, the duration of their emplacement and the 
amount of sulphur dioxide emitted by each lava flow as input data in the atmospheric model. 
Results show that the formation and the development of the convective cells is a function of 
the thermal gradient between the ambient air and the basaltic flow as well as the atmospheric 
vertical profile in terms of wind pattern and temperature. The duration of eruptions appears 
also to be an important parameter for the development of the cells to the upper atmosphere. 
Leading to an injection of gases into the stratosphere, and then to a global dispersion of the 
sulphur dioxide, this process could lead (after conversion of the sulphur dioxide into sulphate 
aerosols) to a drastic cooling. 
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Understanding the 3D volcanic architecture of a continental flood basalt province 
(CFBP) requires a multi-technique approach. We carried out detailed logging of seven road 
sections (a total of ~3.5 km of vertical section) that ascend the Western Ghats, Deccan Traps, 
India, and have combined them with palaeomagnetic and geochemical sampling, and precise 
GPS location data. This provided a 3D view of the lava architecture within the 
Mahabaleshwar Plateau. We found that road sections of comparable length, in comparable 
parts of the stratigraphy, contain variable numbers of sheet lobes, but similar numbers of flow 
fields. Using the base of the Mahabaleshwar Formation, the 29R-29N palaeomagnetic reversal 
horizon and the laterite surface on the top of the Mahabaleshwar Plateau as time horizons, we 
have discovered that topography of up to 95 m occurred over a distance of 20 km in that part 
of the Deccan Traps. This is thought to be due to differing numbers of sheet lobes being 
emplaced at different locations between the time horizons we identified. To further investigate 
the lateral extent of individual sheet lobes we assessed the degree of geochemical similarity of 
the sheet lobes ‘sandwiched’ between the base of the Mahabaleshwar Formation and the 29R-
29N horizon on the four ‘Plateau’ traverses. Using Euclidian distance function analysis we 
determined that each sampled sheet lobe is compositionally unique, implying that none of the 
sheet lobes are as wide as the Mahabaleshwar Plateau (~20 km). This explains the differing 
numbers of sheet lobes observed in the road sections we studied. We conclude that the flow 
fields, of which they are part, are much more extensive and may be compositionally 
heterogeneous.  

Modern pahoehoe basaltic eruptions, such as that currently occurring from Pu’u O’o 
vent, Hawaii can teach us a lot about the complexities of basaltic pahoehoe CFBPs. The scale 
may be 1-2 orders of magnitude smaller, but lava architecture on all scales is highly complex 
the construction of lava lobes, surface morphology and response to existing topography 
created by previous eruptions is similar to our interpretation of the architecture of the Deccan 
Traps, and perhaps we should look at the complexity of current Hawaiian eruptions as a proxy 
for pahoehoe dominated CFBPs. 
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The Neogene Chilcotin Group basalts of south-central British Columbia, Canada 
comprise a medium-sized igneous province (ca. 36,500 km2), characterized by extensive, 
relatively thin plateaux. The Chilcotin Group has only been mapped at reconnaissance-scale 
(1:250,000), and most studies have concentrated on geochemistry and petrology; no internal 
stratigraphy has been established because there are relatively few age dates and most are K-Ar 
whole rock. New fieldwork is aimed at establishing the styles of volcanism within the 
Chilcotin Group, and the environments into which it was erupted. Three characteristic 
lithofacies-types have been identified. Firstly, valley-confined, hyaloclastite and pillow basalt 
dominated lithofacies inferred to have formed during lava emplacement into mature fluvial 
drainage systems. Commonly, this lithofacies underlies the second lithofacies, characterized 
by laterally extensive, sub-aerial basalt lavas. These lavas represent moderate-to-large volume 
pahoehoe lavas (e.g., Kilauea-type), and large-volume inflated pahoehoe lavas (e.g., similar to 
those in the Columbia River Flood Basalt). A third, channel-confined lithofacies is 
characterized by multiple, thin pahoehoe lavas and occasional channelised, massive lavas.  
The presence of scoriaceous bombs and possible welded spatter suggest this lithofacies is 
proximal to an unidentified vent. We infer this lithofacies to record the infilling of narrow 
mountainous valleys. Mapping the distribution of these lithofacies is revealing the pre-
Chilcotin Group topography. For example, these efforts may elucidate the palaeo-course of 
the Neogene Fraser River, and the development of new topography within the volcanic field 
during periods of volcanic activity or quiescence. Further geologic mapping, 
chemostratigraphy, and detailed Ar-Ar dating of key stratigraphic sections are on-going in an 
effort to build a coherent regional stratigraphy, architecture, and emplacement history for the 
Chilcotin Group. 
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The Palaeogene Faroe Islands Basalt Group (FIBG) has a gross stratigraphic thickness 
of ca. 6.5 km in the vicinity of the Faroe Islands, NE Atlantic Ocean and is dominated by 
subaerial basalt lava flows. The FIBG has been subdivided into seven formations based 
primarily on lithological changes. The youngest of the basalt dominated formations, the Enni 
Formation, is at least 900 m thick and on first appearances seems to be extremely 
heterogeneous in terms of flow type. However, consistent logging of disparate stream sections 
from Sandoy to the NE islands, a distance of >40 km, has shown a more or less systematic 
compartmentalisation of the basal 500 m of the Enni Formation. The correlation between 
islands was aided by the recognition of key stratigraphic marker units, particularly 
sedimentary interbeds (e.g. Sneis Formation and Argir Beds) but also distinctive flows (e.g. 
Høvdhamarin Flow). The base of the Enni Formation up to the Argir Beds, a thickness of ca. 
200-300 m, is represented by a continuation of the compound flows characteristic of the upper 
Malinstindur Formation, although intercalated with a widespread package of plagioclase-
phyric simple flows. The 200-300 m above the Argir Beds marks a significant change in 
eruptive system and can be separated into a number of distinct flow packages based on 
petrology (olivine-bearing vs. plagioclase-phyric) and morphology (simple vs. compound) 
and combinations thereof. This is not only highlighting lateral variations but also systematic 
vertical alternations, which is helping to constrain timing of events, depocentres and source 
directions of the different flow packages. The flow packages above the Argir Beds on Sandoy 
are dominated by plagioclase-phyric compound flows, which contrasts with the NE islands 
that are dominated by olivine-bearing compound and simple flows. On the intervening islands 
of Streymoy and Eysturoy the same stratigraphic level is mainly characterised by a systematic 
alternation of plagioclase-phyric and olivine-bearing simple flows, whereas the compound 
flows are principally restricted to Sandoy and the NE islands. In general, it seems apparent 
that the plagioclase-phyric flows may have been sourced from a south-westerly direction 
compared to the olivine-bearing flows that are dominant in the NE of the islands. In addition, 
the Argir Beds not only represent a volcanic hiatus but also a major change in the style of 
volcanism at this level. 
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A study of hundreds of individual lava flow units exposed in sections through the 
upper part of the main Deccan basaltic lava pile, the Wai Sub-group (WSG), includes lavas 
that were being erupted across the K-T boundary, about 65 Ma ago. Pahoehoe flow fields (the 
products of one eruption), each commonly up to 50 m, and exceptionally 80 m, thick, 
dominate the pile in the central Western Ghats region. The main landscape-builders are 
inflated sheet lobes between 15-30 m (occasionally 50 m) thick, with subordinate smaller 
inflated lobes and toes down to decimetre size. These are typical tholeiitic pahoehoe sheet 
lobes, similar to those found in many other flood basalt provinces. Defining flow fields by 
several criteria permits an estimate of how many eruptions built up this portion of the Deccan 
pile, which may be as few as 30-50 in number. Based on the extent of the formations, some of 
the lava fields may be the longest yet described on Earth (1000 km), with occasional flows 
crossing the Indian sub-continent. All formations studied have broadly the same style lava 
flows, and thus (assumed) fissure-fed, pahoehoe-flow-forming effusive volcanism dominated. 
Evidence from inter-flow horizons suggests extensive explosive activity also accompanied 
some eruptions (cf. Icelandic eruptions such as Eldgja AD 934).  

The 1,200-m-thick lava pile is assigned to Deccan Group formations in the WSG by 
compositional fingerprinting, to the palaeomagnetic timescale by polarity and declination 
measurements, and, by cross-correlation, to the radiometric time scale. During eruptions that 
built up the WSG lavas, which encompass the K-T boundary and the slightly younger 
palaeomagnetic chron 29R-N boundary, the widespread nature of the formations attests that 
enormous volumes of lava were produced during each eruption. Volumes of eruptive units 
(flow fields) exceeded 2,000, and probably 5,000, cubic km of lava, and this was likely 
repeated in most eruptive events, each lasting many years. The age span of the WSG series of 
lava eruptions was so short that it falls within the errors of radiometric age dates on the flows; 
if it was about 300,000 years the average eruption frequency was one every 10,000 years, or 
slightly less.  How this series of huge-volume, prolonged lava-forming eruptions affected the 
global environment remains to be determined. 
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The Permo-Triassic Siberian Traps are the largest known Phanerozoic continental 
large igneous province (LIP). They extend sporadically across an area of 5 x 106 km2, from 
the Siberian Craton, across the West Siberian Basin (WSB) to the fringes of the Urals, and 
beneath the Kara Sea. The thickness of the lava pile exceeds 3 km at Noril’sk, and over 1 km 
on the Siberian Craton and beneath the WSB. The magmas are mostly basic in composition; 
more differentiated magmas are rare, but basaltic pyroclastic rocks are abundant over large 
regions of the Craton. The bulk of the lavas were erupted over a short time interval ~251 Ma 
ago; work is in progress to determine the eruption times of more distal parts of the province. 

The North Atlantic LIP also has a vast areal extent, with flood basalt eruptives found 
from Baffin Island to NW Europe. There are far more data (isotopic dating, geochemistry, 
geophysical) available for the North Atlantic LIP than for Siberia, and this has enabled 
workers to distinguish two phases of activity: Phase 1 (61-58 Ma), and Phase 2, which 
accompanied the separation of Greenland from Europe, (55 Ma to present, on Iceland). The 
Phase 1 activity is widely distributed across the region; it is predominantly basaltic, but more 
silicic rock types are common. The bulk of the Phase 2 activity is basaltic, and tended to be 
restricted to the rift zones of the developing Atlantic basin. 

There are several important similarities between these two provinces. Both were 
emplaced close to and on Archaean cratons; magmatic activity in both provinces began 
abruptly; both are associated, at least in part, with major rifting events, and the lavas show 
evidence of progressive shallowing of melting regions consistent with lithospheric thinning; 
both the pre-rift basalts (Phase 1) of the North Atlantic LIP, and many of the Siberian basalts, 
show evidence of contamination by continental crust; both provinces show evidence of crustal 
uplift associated with mantle upwelling; and both provinces have been linked with major 
environmental change. There are, however, some important differences. Firstly, unlike the 
North Atlantic LIP, the Siberian LIP did not develop into an ocean realm. Secondly, whereas 
in the formation of the North Atlantic LIP is intimately associated with the Iceland plume, no 
such plume has been identified for the Siberian Traps. We speculate that the Siberian LIP was 
triggered by the same plume - Iceland - that was responsible for the North Atlantic LIP and, 
during the Cretaceous, the High Arctic LIP. 
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We review published radiogenic isotope data (>350 samples in total) on various suites 
of magmatic rocks within the Palaeogene central East Greenland flood basalt province to 
evaluate the types of crustal assimilants and the extent of crustal assimilation involved in each 
suite. The local crustal rocks are characterised by low εNd and unradiogenic 206Pb/204Pb, but 
with variable 87Sr/86Sr and 208Pb/206Pb depending on the lithology (e.g. amphibolitic vs. 
granulitic gneisses). We use these observations to build a regional picture of how magmatic 
plumbing systems changed with time and location during the sequential development of the 
province as magmatism responded to the development of a volcanic rifted margin and 
eventual plate separation. The earliest phase of magmatic activity (ca. 62-57 Ma) is 
characterised by highly contaminated magmas that show a temporal change in assimilant type 
from amphibolite to granulite. This transition has been linked to the effects of an increasing 
magma supply rate which allows the more refractory granulite lithologies to be melted. The 
voluminous break-up phase of magmatism (ca. 56-54 Ma) saw a significant decrease in the 
extent of assimilation because of the decreasing availability of assimilant material in the 
mature feeder systems, and many samples have Sr-Nd-Pb isotope compositions that overlap 
with those of recent Icelandic basalts. Detailed study has allowed us to recognise packets of 
lavas that ponded at different levels in the crust and assimilated material of different 
compositions. The later stages of break-up magmatism show more diverse and more 
contaminated compositions that indicate a shift from a few large robust feeder systems to 
numerous small new conduits as the rifting continued. The post-break-up magmatism (ca. 54-
13 Ma) is characterised by a return to more highly contaminated magmas, which reflects a 
change in the style of magmatism: the eruption of small volume alkalic lava flows from newly 
established conduits through the thicker inland crust, and the intrusion of mafic and silicic 
alkalic magmas at shallow levels in the Archaean basement along the present coast. 
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The flood basalts of the North Atlantic Igneous Province formed during two major 
volcanic phases separated by a period of low activity. The largest known thickness of phase 1 
volcanics occurs on the island of Suðuroy in the Faroe Islands comprising about 3.3 km of 
subaerial basalt flows underlain by >1.1 km of hyaloclastites both originating from similar 
tholeiitic magmas generally low in magnesium and high in iron and titanium. The Faroes 
phase 1 succession formed before the final opening of the Atlantic between the Faroes and 
Greenland and is also called the pre-rift succession. The pre-rift volcanism ranges in age from 
>58 Ma to about 56 Ma probably starting in magnetochrons C26r and ending in early C24r. 
The three youngest magnetic polarity reversals occur in the 1-km exposed succession on 
Suðuroy and show that the accumulation rate decreased significantly towards the end of the 
pre-rift phase. In all sections examined on Suðuroy and elsewhere in the Faroes, the top of the 
sequence consists of one or a few flows belonging to C24r, which suggests that the pre-rift 
phase ended almost at the same time everywhere in the Faroes. The exposed pre-rift 
succession of Suðuroy consists mainly of rubbly sheet flows and compound flows with an 
average thickness of 20 m making up >25 different flow fields as defined by magma 
composition. New mapping and chemical analyses show that the largest flow field on 
Suðuroy consists of 2-3 flows with a total thickness of 100 m. It shows no sign of pinching 
out and must have had a volume >10 km3. An older flow only exposed along the west coast 
thickens northward from 25 to 65 m over a distance of 9.5 km. Finally, the spectacular 
Kulagjógv-Hov columnar flow near the top of the pre-rift succession can be followed over a 
distance of 16 km with a thickness of 10–30 m. Fine-grained volcaniclastics interbeds become 
increasingly abundant up-section, sometimes with minor coal suggesting long pauses in the 
effusive activity. However, deep weathering or erosion of the porous flow tops is only clearly 
seen at a few levels within the pre-rift succession. The thick pre-rift volcanics of the Faroes 
have been correlated with similar volcanics in basins in East Greenland and are likely to 
extend into some of the Faroes off-shore areas currently under exploration. Here they should 
be easy to distinguish from the younger volcanics based on chemical analyses of cores or 
cuttings. It should also be possible to log the magnetic reversals for more detailed 
stratigraphic correlations. 



1st Jóannes Rasmussen Conference: Evolution of Basaltic Provinces 
 

41 

Remnants of thin equivalents to the Giekie Plateau and Rømer Fjord Formations, East 

Greenland, found on Fugloy and Sandoy on the Faroe Islands 

*Søager, N. and Holm, P.M. 

Institute of Geography and Geology, University of Copenhagen, Øster Voldgade 10,  DK-1350 
Copenhagen, Denmark 

nina@soeager.dk 

Earlier work by Larsen et al. (1999) has correlated the Faroes Malinstindur and Enni 
Formations with the East Greenland Milne Land Formation (MLF) using the Villingedalsfjell 
profile as top of the sequence. The new data presented here reveals Fugloy and Sandoy as 
representing the very top of the Faroese lava pile. High-Ti samples from Fugloy and Sandoy, 
called High-Ti2, can be shown to be equivalents to the Giekie Plateau Formation (GPF) 
mainly based on evidence from Nb/Zr/Y chemistry. Other high-Ti samples from Sandoy, 
called High-Ti3, represent an equivalent to the Rømer Fjord Formation (RFF) because they 
have elevated 206Pb/204Pb and lower Zr/Nb. Both groups of samples are dominantly aphyric 
like their East Greenland counterparts and like the RFF the High-Ti3 group has lower SiO2 
content than the GPF/High-Ti2 group. This new evidence means that volcanism on the Faeroe 
Islands has proceeded longer than previously thought, although with much reduced eruption 
rates, since each group are only represented by few flows.  

The isotopic compositions of the Faroes and East Greenland Palaeogene lavas show 
that the high-Ti basalts from MLF/High-Ti1 and GPF/High-Ti2 groups are all centred around 
the Icelandic IE2 end-member from Thirlwall et al. (2004), while the RFF/High-Ti3 lavas 
belong to the IE1 end-member. The low-Ti lavas can be modelled as mixtures between a 
MORB source and a component identical with the NAEM composition of Ellam & Stuart 
(2000). The depleted low-Ti lavas from the rift zone only show mixing between the NAEM 
and the IE2 components and the NAEM component might turn out to be the Palaeogene 
version of the Icelandic depleted plume end-member ID1 (Thirlwall et al. 2004) when age 
corrections are applied to the isotopic data, so it seems the plume has persisted virtually 
unchanged for ca. 62 Ma. 

                                                                                 
Ellam, R.M. & Stuart, F.M. 2000. The sub-lithospheric source of North Atlantic basalts: evidence for, and 
significance of, a common end-member. Journal of Petrology, 41, 919-932. 

Larsen, L.M., Waagstein, R., Pedersen, A.K. & Storey, M. 1999. Trans-Atlantic correlation of the Palaeogene 
volcanic successions in the Faeroe Islands and East Greenland. Journal of the Geological Society, London, 156, 
1081-1095. 

Thirlwall, M.F., Gee, M.A.M., Taylor, R.N. & Murton, B.J. 2004. Mantle components in Iceland and adjacent 
ridges investigated using double-spike Pb isotope ratios. Geochimica et Cosmochimica Acta, 68, 361-386. 
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The sizes of error bars on radiometric age determinations typically limit the duration 
of flood volcanism in large igneous provinces to less than 1-2 million years. An alternative to 
better resolve the timescales of flood volcanism, is to combine constraints from the cooling 
and pressure histories of coeval, subsiding mafic intrusions. As an example, we have 
determined the pressure from fluid inclusions in granophyric quartz in cm- to metre-sized 
pockets of granophyre that were formed during terminal crystallization of the Skaergaard 
Intrusion after it was emplaced into the basal portion of the East Greenland flood basalt 
succession. Pressure estimates corrected to the roof of the intrusion, varies from 0.7±0.5 kb 
for the crystallization of the lowest and earliest rocks (Lower Zone a), over 2.0±0.2 kb (Lower 
Zone c) to 3.0±1.3 kb for the crystallization of the last rocks in the intrusion (Sandwich 
Horizon). This secular pressure increase can be explained by the emplacement of 5-6 km of 
flood basalts over the intrusion during its solidification. The cooling model of Norton & 
Taylor (1979) shows the intrusion cooled below the temperature of granophyre formation in 
less than 300,000 years. We therefore conclude that most of the flood basalt succession in 
East Greenland were emplaced in less than 300,000 years (Larsen & Tegner 2006). 
Correlation of the volcanic stratigraphy (Larsen et al. 1999) implies that this result also 
applies to the formation of the Middle and Upper Series volcanics of the Faroes Islands and is 
consistent with results of Ar-Ar chronology (Storey et al. in press.). Such volcanic 
productivity is similar to that calculated for the oldest and most landward seafloor of the 
adjacent Greenland-Iceland Rise, and is best explained by enhanced melting within the head 
of the Iceland mantle plume (Holbrook et al. 2001). Such rapid timescales enhance the 
environmental effect of volcanic gasses associated with large igneous provinces (Self et al. 
2005). 

 
Holbrook, W.S., Larsen, H.C., Korenaga, J., Dahl-Jensen, T., Reid, I.D., Kelemen, P.B., Hopper, J.R., Kent, 
G.M., Lizarralde, D., Bernstein, S. & Detrick, R.S. 2001. Mantle thermal structure and active upwelling during 
continental breakup in the North Atlantic. Earth and Planetary Science Letters, 190, 251-266. 

Larsen, L.M., Waagstein, R., Pedersen, A.K. & Storey, M. 1999. Trans-Atlantic correlation of the Palaeogene 
volcanic successions in the Faeroe Islands and East Greenland. Journal of the Geological Society, London, 156, 
1081-1095. 

Larsen, R.B. & Tegner, C. 2006. Pressure conditions for the solidification of the Skaergaard intrusion: Eruption 
of East Greenland flood basalts in less than 300,000 years. Lithos, 92, 181-197. 

Norton, D. & Taylor, H.P., JR. 1979. Quantitative simulation of the hydrothermal systems of crystallizing 
magmas on the basis of transport theory and oxygen isotope data: an analysis of the Skaergaard Intrusion. 
Journal of Petrology, 20, 421-486. 

Self, S., Thordarson, T. & Widdowson, M. 2005. Gas fluxes from flood basalt eruptions. Elements, 1, 283-287. 

Storey, M., Duncan, R.A. & Tegner, C. in press. Timing and duration of volcanism in the North Atlantic Igneous 
Province: implications for geodynamics and links to the Iceland hotspot. Chemical Geology. 
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The upper part of the Faroe plateau lavas erupted during continental rifting and can be 
correlated with East Greenland counterparts of the Palaeogene North Atlantic Igneous 
Province (Søager & Holm, this meeting). Low-Ti lavas with typically La/Smcho = 0.3-0.4 have 
fractionated Dy/Ybcho up to 1.3 which requires substantial melting with residual garnet and 
thus a relatively hot source. Compared to late low-Ti lavas, the early tend to have more 
radiogenic Pb and occur in the north-eastern parts. There is also a ∆7/4 decrease from 0 to -3 
with time, while positive ∆8/4 show a rough increase with time. The low-Ti basalts with the 
most radiogenic Pb show a marginal overlap with Icelandic rocks. Dy/Yb has a negative 
correlation with 206Pb/204Pb. 

While the low-Ti basalts seem to be similar on both sides of the rift, the high-Ti 
basalts from the Faroes indicate decreasing depth of melting throughout the development, 
whereas the contemporaneous RFF in East Greenland has melts derived at high pressure. 
However, as in East Greenland, there is a change with time from IE2 to IE1 (Thirlwall et al. 
2004) end-member composition. The increasing fraction of high-Ti basalts to the south could 
be caused by lateral variation in the mantle plume. Relatively low Dy/Yb indicates 
lithospheric thinning to have continued in the Faroes in contrast to East Greenland. A MORB-
type source dominates the early low-Ti basalts, while NAEM (Ellam & Stuart 2000) mantle 
composition is more important in the later development. This depleted two-component source 
is proposed to be part of the early Iceland plume and contributed much more in Faroes than in 
East Greenland.  

Both high- and low-Ti Faroe uncontaminated upper lavas have relatively high 
208Pb/204Pb and low 207Pb/204Pb at any 206Pb/204Pb compared to Icelandic lavas. Low-Ti lavas 
are more. unradiogenic than both Icelandic lavas and Atlantic MORB north of 50oN. The 
implication of these features will be discussed at the meeting. 

 
Ellam, R.M. & Stuart, F.M. 2000. The sub-lithospheric source of North Atlantic basalts: evidence for, and 
significance of, a common end-member. Journal of Petrology, 41, 919-932. 

Thirlwall, M.F., Gee, M.A.M., Taylor, R.N. & Murton, B.J. 2004. Mantle components in Iceland and adjacent 
ridges investigated using double-spike Pb isotope ratios. Geochimica et Cosmochimica Acta, 68, 361-386. 
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Log responses in basalt successions in 8 wells from the Faroe-Shetland Channel - a 

classification scheme for interpretation of geophysical logs and case studies 
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Sub-basalt petroleum plays are becoming significant in the Faroe Region and 
elsewhere, but basaltic successions rarely contain intervals of reservoir quality. Thus only few 
studies have been made of wireline data from exploration wells penetrating basalt 
successions. However, detailed understanding of the physical properties of basalt successions 
are important for well planning, seismic processing and imaging, and interpretation of the 
geological evolution. Basaltic successions of various thicknesses and characters have been 
penetrated in exploration wells in the British sector of the Faroe-Shetland Channel and around 
the Northeast Rockall Basin. The wireline logs through basaltic successions in eight released 
wells were selected for a systematic study of the log-response of basaltic rocks in this region. 
Physical properties recorded by wireline logs show pronounced variation of similar or broader 
ranges than in most sediment systems. Based on overall log character five distinct classes of 
basaltic units are distinguished: simple lava beds, compound lava units, volcaniclastic units, 
hyaloclastic units and hypabysal intrusives. 

Further characterisation of the individual basaltic unit is carried out using a small 
number of response components: a characteristic trend/pattern or value found on one or more 
log traces within a part of a unit, throughout a unit or across the boundary between two units. 
In general terms log response components in basaltic successions may be thought of as 
equivalent to intrafacies components. 

The response components used in this study are selected in such a way that they as far 
as possible are considered diagnostic of typical lava morphological features of basaltic 
eruptives. 

Well logs from exploration wells penetrating successions of basaltic rocks provide 
systematic in situ measurements of physical properties along vertical sections. Logged 
properties such as density, seismic velocities, resistivities, neutron porosity and natural 
gamma radiation change during alteration of basalts. 
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The North Atlantic passive margins constitute a Late Cretaceous to Early Tertiary 
large igneous province. Widespread basaltic lavas and sills form the most conspicuous feature 
of this province. This occurrence represents an obstacle to seismic imaging the pre-volcanic 
geology. It is therefore difficult to analyse the relationship between pre-volcanic rifting, 
igneous emplacement and plume related vertical movements, except along the edge of the 
volcanics. In an area west of UK and around the Faroe Islands it is possible to use seismic 
facies analysis to interpret the basaltic succession on multichannel seismic reflection profiles. 
We describe five different facies types: (A) parallel bedded platform facies, (B) oblique 
progradational facies, (C) sigmoid aggradational facies, (D) chaotic hummocky mounded 
facies and (E) chaotic hummocky basin floor facies. Two of the facies, the parallel bedded 
platform facies and the oblique progradational facies have been sampled by drilling. The 
parallel bedded platform facies represents sub-aerially erupted volcanics. The oblique 
progradational facies represents basaltic hyaloclastic rocks tentatively interpreted as foreset 
breccias of basalt flows that flowed into a sub-aqueous environment. The three other facies 
have not been drilled in the Faroe-Shetland area. Tentative interpretations of these facies are 
based on comparison with well-exposed volcanic provinces in Antarctica, West Greenland, 
Hawaii and Iceland. Like the oblique progradational facies the sigmoid aggradational facies 
are believed to represent basaltic lavas that flowed into water. However, in contrast to the 
sigmoid aggradational facies the oblique progradational facies are characterised by a 
disconformity above the foresets. It is proposed that this may reflect a relatively larger lava 
supply during formation of the oblique progradational than during formation of the sigmoidal 
aggradational facies. The two chaotic facies are believed to represent submarine volcanic 
products. The chaotic hummocky mounded facies representing volcanic material deposited 
around a single feeder dyke (or stock) while the chaotic hummocky basin floor facies probably 
represents submarine volcanic products deposited over wider areas. Seismic facies analysis of 
volcanic rocks may help to reconstruct the palaeogeography and subsidence history in large 
igneous provinces, and may thus facilitate a higher confidence in the interpretation of the 
volcanic succession. 
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Pressure and temperature of melting for the last lavas of the Siberian flood basalts: 

Results from experimental petrology 
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To better constrain models for the formation of basaltic provinces, the conditions of 
mantle melting need to be determined. A number of researchers have estimated source 
composition and temperature and pressure of melting from petrologic data; here we present 
melting conditions for a lava from the Siberian flood basalts from an experimental phase 
equilibrium study.  

The final lavas of the Siberian flood basalts are a ca. 1,000 meter-thick section of 
meimechites: High-alkali, high-titanium, hydrous lavas that contrast sharply with the 
tholeiites that precede them. This phase equilibrium study indicates that a candidate primary 
meimechite magma with 1 wt% water originated at ca. 5.5 GPa and 1,700°C, both hotter and 
shallower than other estimates for melting beneath continental lithosphere.  

The experiments further suggest that a higher volatile content was involved in 
meimechite source genesis. Both the absence of orthopyroxene in any experiment and the 
close field association with carbonatites suggest that the meimechite source region may have 
been metasomatized with a CO2-rich fluid. The bulk compositions, mineral phases, and the 
phases of multiple saturation are consistent with initial volatile compositions including 0.5 to 
3 wt% H2O a lesser quantity of CO2. The addition of these volatiles is likely to move the 
magma’s multiple saturation point by ca. 50 to as much as 200°C, lowering its temperature to 
ca. 1,500 to 1,650°C, more likely temperatures for a thermal upwelling than was the 1,700°C 
figure obtained through experiments with 1 wt% water.  

The high temperature of melting supports formation in a thermal upwelling, 
reasonably described as a plume in the fluid dynamical sense. The low pressure of formation, 
however, indicates that the Siberian craton was significantly thinner at the time of formation 
of the basaltic province than it appears to be now. 
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The Neogene Chilcotin Group basalts of south-central British Columbia, Canada 
comprise a medium-sized igneous province (ca. 36,500 km2), characterized by extensive, 
relatively thin plateaux.  The Chilcotin Group has only been mapped at reconnaissance-scale 
(1:250,000), and most studies have concentrated on geochemistry and petrology; no internal 
stratigraphy has been established because there are relatively few age dates and most are K-Ar 
whole rock. New fieldwork is aimed at establishing the styles of volcanism within the 
Chilcotin Group, and the environments into which it was erupted. Three characteristic 
lithofacies-types have been identified. Firstly, valley-confined, hyaloclastite and pillow basalt 
dominated lithofacies inferred to have formed during lava emplacement into mature fluvial 
drainage systems. Commonly, this lithofacies underlies the second lithofacies, characterized 
by laterally extensive, sub-aerial basalt lavas. These lavas represent moderate-to-large volume 
pahoehoe lavas (e.g., Kilauea-type), and large-volume inflated pahoehoe lavas (e.g., similar to 
those in the Columbia River Flood Basalt). A third, channel-confined lithofacies is 
characterized by multiple, thin pahoehoe lavas and occasional channelised, massive lavas. 
The presence of scoriaceous bombs and possible welded spatter suggest this lithofacies is 
proximal to an unidentified vent. We infer this lithofacies to record the infilling of narrow 
mountainous valleys. Mapping the distribution of these lithofacies is revealing the pre-
Chilcotin Group topography. For example, these efforts may elucidate the palaeo-course of 
the Neogene Fraser River, and the development of new topography within the volcanic field 
during periods of volcanic activity or quiescence. Further geologic mapping, 
chemostratigraphy, and detailed Ar-Ar dating of key stratigraphic sections are on-going in an 
effort to build a coherent regional stratigraphy, architecture, and emplacement history for the 
Chilcotin Group. 
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40Ar/39Ar laser probe dating of basalts from the Faroe Islands as an exemplar of the 

difficulties in obtaining precise absolute ages for eruptions 
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Ar-Ar dating is one of the most frequently used techniques for establishing the 
absolute ages for volcanic eruptions. It can be applied to feldspar separates or whole rock 
basalt pieces, and is carried out by step-heating the sample to produce an age spectrum and 
plateau age for the. However, this is not always straightforward because there are a number of 
problems that can cause disturbance to the 40Ar/39Ar system. Alteration is common, and with 
it the incorporation of excess 40Ar. Other disturbances include irradiation-induced 39Ar-recoil 
from fine-grained minerals into adjacent more retentive phases, or simply 39Ar-loss during 
this same process can also be significant. Further, basalt samples are generally quite low in K 
and radiogenic 40Ar* and so larger samples should be analysed to reduce the errors. We are 
currently dating basalt samples from the Faroe Islands in order to explore the possible link 
between the volcanism of the North Atlantic Igneous Province and the climate change event 
of the Palaeocene-Eocene Thermal Maximum. The sediments containing PETM palynoflora 
occur in sediments within the lava succession but the radiometric dates available for the lava 
succession do not correlate with those obtained from the palynoflora. We are addressing the 
question of whether or not an improvement in basalt 40Ar/39Ar age data can address this. 
However, our preliminary 40Ar/39Ar whole rock data demonstrate the difficulties in obtaining 
accurate ages from even seemingly fresh basalts. The step-heating spectra show a marked 
decrease in age from low- to high temperature release steps, conversely 37ArCa/39ArK ratios 
increase as age decreases. There is evidence for either excess 40Ar incorporation, or 39Ar-loss 
(or redistribution) in the low-temperature steps, and detailed SEM imaging and X-Ray 
mapping shows that there is plagioclase alteration by chlorite or clay minerals that could be 
inducing these artefacts and that clinopyroxene and perhaps plagioclase that has lost 40Ar 
during alteration are responsible for the high 37ArCa/39ArK, high-temperature steps. This 
problem is not isolated to the Faroes and highlights the point that detailed sample 
characterisation is essential for underpinning success in dating Large Igneous Provinces. 
Experimentation with sample acid washing using different types and strengths is underway to 
minimise contamination by such mineralogical artefacts as we have identified, as is a generic 
set of criteria for basalt sample screening prior to irradiation to maximise the chance for 
success. 
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The magnetostratigraphy of the lower part of the Karoo continental flood basalt 
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Jay, A.E. 1, Courtillot. V.1, Besse, J.1, Fluteau, F.1 and Marsh, J.2 
1 Laboratoire de Paleomagnetisme, Institut de Physique du Globe de Paris, 4 Place Jussieu, Paris, 75252, 

France 

annejay1@gmail.com 

2Department of Geology, Rhodes University, South Africa. 

Continental flood basalt provinces (CFBP) and mass extinction events have been 
shown to occur almost simultaneously throughout the Phanerozoic, leading to the suggestion 
that CFBP could be the cause of the extinctions. The volumes of SO2 erupted are thought to 
be the most important factor: if large enough volumes are injected into the stratosphere and 
converted into sulphate aerosols, climate perturbations significant enough to cause mass 
extinctions could occur. CFBP are emplaced in ca. 1 million years and are usually composed 
of between 1-2 × 106 km3 of lava, made up of hundreds of individual sheet lobes. If the lava 
had erupted at a constant rate during the 1 million years, it is probable that this would not 
have been high enough to cause major global climate change. However, it is unlikely that the 
lava was erupting constantly as major red soil-like horizons, thought to represent long periods 
of quiescence, are found between some lava flows. It is therefore possible that the majority of 
the lavas were erupted by a few very large eruptions and that the majority of the 1 million 
years of a CFBP’s ‘life’ is spent dormant. Recent work on the Deccan Traps (which was 
coeval with the Cretaceous-Tertiary mass extinction; KTB), India, by Chenet et al. (this 
meeting), has identified ‘eruptive packages’ produced by these very large eruptions. These 
can be identified from detailed magnetostratigraphy, using geomagnetic secular variation as a 
century-scale clock. In this work we have taken orientated cores from 70 sites along the 
Naude’s Nek traverse of the Karoo CFBP to study the magnetostratigraphy of its southern 
part. We chose this CFBP because it is thought to have been larger than the Deccan Traps, yet 
the extinction associated with it, the end-Pliensbachian, was much smaller than the KTB 
extinction. We suggest that detailed magnetostratigraphy, and hence secular variation study of 
the Karoo CFBP will shed light on the reasons for the much smaller extinction. This in turn 
will help us to further understand CFBPs in general and their impact on the global climate. 
We will present the early results of this new study at the meeting. 
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We report details of wide-angle seismic acquisition using 20 Guralp 6TD broad-band 
3-component seismometers deployed during recording of the offshore seismic reflection 
profile for the Glyvursnes-Vestmanna Seismic Tie (GlyVeST). A deep fjord cutting across the 
main Faroe Islands provides a rare opportunity to make marine seismic reflection profiles 
across the layered basalts alongside 3-component seismometers deployed along the coast and 
on islands adjacent to the seismic profiles. Three boreholes sample the Upper, Middle and 
Lower Basalt Formations, and the boundaries between them, along strike of this profile.  
Comparing P- and S-wave seismic response with known basaltic layers from these boreholes 
and outcrop will allow subsurface mapping of flow thicknesses and the boundaries between 
the basalt formations. Current data indicate a change in the thickness of the Middle Basalt 
Formation from about 1050 m at Glyvursnes to about 1400 m at Vestmanna.   

We shall use the wide-angle data to constrain the P-wave and S-wave velocities of the 
basalts and to compare them with measurements from the borehole logs and VSPs.  To date, 
there have been few good Poisson’s ratio measurements in basalts, but they provide strong 
diagnostic measures of the basalt properties. The velocities will be used for processing the 
reflection profile, and the reflection profile will be used to constrain sediment thicknesses and 
velocities in the fjord for wide-angle modelling, providing added value and synergy to both. 

The possibility of anisotropy in the basalts will be investigated using the 3-component 
data to determine particle polarisations and travel-time delays. Seismic profiles around the 
Vestmanna borehole suggest that P-wave VTI anisotropy there is less than 1%, although there 
may be significant azimuthal anisotropy related to preferred crack directions. 
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Milankovich cycles are movements in the Earth’s orbit that influence the amount of 
insolation received at different areas of the Earth at various times of the year. Milankovich 
explained how these orbital cycles affect the polar ice caps, causing them to retreat or 
advance. The eccentricity, obliquity and precession constitute the Milankovich cycles and 
they have cycles of approximately 100,000 years, 41,000 years and 21,000 years, 
respectively. Obliquity variations are only a major factor in Polar Regions. Studies have 
shown that the eccentricity cycles have the greatest influence on the magnetic susceptibility 
signal and the precession cycles are superimposed on this signal. 

Based on field work at Suðri undir Hæli on the island of Suðuroy, the lacustrine 
Prestfjall Formation sediments of the Faroe Islands Basalt Group, NE Atlantic have been 
analysed in order to determine the magnetic properties of the clastic sediments. The magnetic 
susceptibility has been measured every 5 cm and the signal was analyzed with a 
cyclostratigraphic angle of approach. Even though the data series is too short for statistical 
analysis (i.e. Fourier), it can be subject to tentative identifications of the Milankovich cycles 
with the naked eye. The Prestfjall Formation was positioned at ca. 40º N during deposition, 
which suggests an interplaying influence of the eccentric and precession cycles. Analyzing the 
cyclicity of the magnetic susceptibility makes a tentative interpretation of the Milankovich 
cycles possible, based on the observed peaks and troughs. Three major peaks are interpreted 
to be eccentricity peaks that are superimposed by five precession peaks. 

The outcrop at Suðri undir Hæli shows a stratigraphical thickness of 7.5 m. Assuming 
the same sedimentation rate of all the clastic sediments in this location a represented time 
span of 384,000 years is estimated, which gives an average rate of sedimentation of 2 cm/kyr. 
The deepest part of the palaeo-lake was a few kilometres further to the east. The time 
represented by the coals in the Prestfjall Formation is estimated by measuring the amount of 
Total Organic Carbon (TOC) and calculating the total thickness of the palaeo-peat. A 
sedimentation rate of 100 cm/kyr is adopted here.  

According to Rasmussen & Noe-Nygaard (1969), the coal seams and the sediments 
are thickest in the same area, indicative of a low palaeo-relief. Profile 15 in Rasmussen & 
Noe-Nygaard (1969) consists of 85 cm total coal and 14.2 m of clastic sediments and is 
believed to be the most complete section of the Prestfjall Formation, thus the total time span is 
calculated at this site. By applying the estimated rate of sedimentation a total time span for the 
Prestfjall Formation of 1.42 myrs is calculated. 

The Palaeocene-Eocene boundary is c. 900,000 years into polarity chron 24r. Based on 
these magnetic data the probability of finding the P-E boundary in the Prestfjall Formation is 
reasonable, because the uppermost basaltic sheet flow of the underlying Beinisvørð Formation 
is placed at the base of the polarity chron 24r. Carbon isotope analysis could confirm the 
presence of the boundary, which corresponds to the Palaeocene-Eocene Thermal Maximum 
(PETM) that is marked by major isotopic excursions. 

 
Rasmussen, J. & Noe-Nygaard, A. 1969. Beskrivelse til Geologisk Kort over Færøerne i Målestok 1:50 000. 
Danmarks Geologiske Undersøgelse, København, 1/24, p. 370. 



1st Jóannes Rasmussen Conference: Evolution of Basaltic Provinces 
 

54 

Lithostratigraphic framework for the Faroe Islands Basalt Group, NE Atlantic Ocean 

Passey, S.R.1, Jolley, D.W.2 and Bell, B.R.3 
1Jarðfeingi, Brekkutún 1, P.O. Box 3059, FO-110 Tórshavn, Faroe Islands 

simon.passey@jf.fo 

2Department of Geology & Petroleum Geology, College of Physical Sciences, University of Aberdeen, 
Meston Building, King's College, Aberdeen AB24 3UE, United Kingdom 

3Department of Geographical and Earth Sciences, Gregory Building, Lilybank Gardens, University of 
Glasgow, Glasgow G12 8QQ, United Kingdom 

The Palaeogene Faroe Islands Basalt Group (FIBG) covers an area of at least 120,000 
km2 of the NE Atlantic Ocean although only 1400 km2 are exposed on the Faroe Islands. On 
the Faroe Islands, the FIBG has a stratigraphic thickness of ca. 6.6 km, of which 3.4 km is 
proven by the onshore borehole Lopra-1/1A. The FIBG is composed almost exclusively of 
subaerial basalt lava flows, rare pyroclastic lithologies and a variety of associated 
volcaniclastic strata. Since the publication of the last geological map in 1969, there have been 
significant advances in the understanding of the processes that occur in volcanic settings and 
this, associated with the developments in volcanic classification schemes, has led to our 
development of a revised lithostratigraphic framework for the Faroe Islands following the 
guidelines of the International Subcommission on Stratigraphic Classification. We have 
subdivided the FIBG into seven formations based upon the recognition of widespread 
disconformities and lithological changes. The base of the FIBG is composed of the ca. 1000 
m thick Lopra Formation, a volcaniclastic strata and hyaloclastite-dominated sequence, which 
is overlain by the ca. 3300 m thick Beinisvørð Formation composed of aphyric tabular lava 
flows. There is a marked disconformity at this level and these lavas are overlain by the 3-15 m 
thick Prestfjall Formation, composed of coals, mudstones and sandstones. Volcanism resumed 
with the eruption of tuffs and lapillistones preserved intercalated with volcaniclastic 
sedimentary conglomerates and sandstones of the ca. 50 m thick Hvannhagi Formation. This 
was followed by the eruption of the ca. 1300 m thick compound lava flow sequence of the 
Malinstindur Formation. Another disconformity is recognised at the top of the Malinstindur 
Formation and is overlain by the 1-30 m thick Sneis Formation composed of volcaniclastic 
sandstones and conglomerates. The Sneis Formation is overlain by the Enni Formation, 
composed of interbedded compound and tabular basalt lava flows and is at least 900 m thick. 
The recognition of a number of distinct lava flow packages (e.g. olivine microporphyritic 
compound flows) and key stratigraphic marker beds (e.g. the Argir Beds) may enable future 
subdivisions of the stratigraphy and lead to a better understanding of the evolution of the lava 
field. 
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The Abitibi Greenstone Belt of Quebec and Ontario is listed as event 224 in the LIP 
database at www.largeigneousprovinces.org/record.html as it contains large volumes of mafic 
volcanic rocks erupted in relatively quick pulses (a few m.y.). The youngest predominantly 
volcanic assemblage in the Abitibi is the ca. 2701-2696 Ma Blake River Group, located in the 
southernmost, central part of the belt. The Blake River mainly consists of subaqueously 
emplaced mafic/intermediate lavas, but the eastern part of the Group includes more rhyolite 
and numerous volcanogenic massive sulphide deposits (Cu-Zn, polymetallic and Au-rich 
types). Many of the Cu-Zn deposits occur in a submarine subsidence structure known as the 
Noranda Cauldron (Gibson & Watkinson 1990) whereas most of the larger polymetallic and 
Au-rich deposits are found outside. Rocks within the cauldron are dominated by lavas and 
lack significant mafic/intermediate volcaniclastic deposits. The latter, however, are more 
abundant in the peripheral part of the Blake River Group, outside the limits of the cauldron. 
Some of these volcaniclastic rocks occur in regionally mappable units that are distinctively 
plagioclase-rich – we are (re)investigating these units as part of the Geological Survey of 
Canada’s Targeted Geoscience Initiative (Abitibi Project). Individual beds have thicknesses 
ranging between a few centimetres and several tens of metres, and grain sizes ranging from 
tuff to tuff-breccia. The coarse beds are poorly sorted and are interpreted as the product of 
water-supported, high-density mass flows. The flows were likely of the eruption-fed type (i.e., 
submarine pyroclastic flows). Submarine explosive eruptions of crystal-rich mafic to 
intermediate magma are the most probable source of the bulk of the material. According to a 
recently proposed model (Pearson et al. unpublished), these eruptions might have been related 
to the formation of a giant caldera, much larger than the Noranda Cauldron. The relative 
timing between generation of this inferred “megacaldera” and the well-established Noranda 
Cauldron is currently under study. We are also examining the role of the plagioclase-rich 
volcaniclastic units in the volcanic architecture of the Blake River Group. These 
investigations and a number of simultaneous studies – including a structural reconstruction of 
the Blake River – will have implications for mineral exploration by the private sector. 

 
Gibson, H.L. & Watkinson, D.H. 1990. Volcanogenic massive sulphide deposits of the Noranda Cauldron and 
shield volcano, Quebec. In: Rive, M., Verpaelst, P., Gagnon, Y., Lulin, J.-M., Riverin, G. & Simard, A. (eds). 
The Northwestern Quebec Polymetallic Belt. Canadian Institute for Mining and Metallurgy Special Volume, 43, 
119-132. 
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Seismic data along a profile known as GlyVeST (Glyvursnes-Vestmanna Seismic Tie) 
were recently acquired in the Faroe Islands. We report here on the details of the reflection-
seismic streamer acquisition. The R.V. Magnus Heinason (the research vessel of the Faroese 
Fisheries Laboratory) was fitted with seismic-acquisition instrumentation from Aarhus 
University for the survey. This included a 96-channel streamer with seven Benthos RDA 
hydrophones per channel at 6.25 m group intervals. The ca. 600-m streamer had a 50 m 
stretch section, with an additional 50 m tow cable available. The source was a 210 in3 Sercel 
GI airgun. 

The Glyvursnes-1 and Vestmanna-1 boreholes, about 30 km apart on the island of 
Streymoy, are two locations where considerable well-log and surface-seismic data have been 
acquired. A line between them closely follows the west coast of Streymoy, giving us the rare 
opportunity of acquiring a seismic tie between Glyvursnes and Vestmanna with both marine 
and land profiles. Hydrophone-streamer data is the norm for petroleum exploration in this 
maritime region, and our goals are to contribute to improved imaging with such data. 
Nevertheless, the addition of the onshore seismometer data (reported on separately by 
Kingsbury et al., this meeting) gives us greater velocity control, which is emerging as a 
crucial factor for significant improvement of subbasalt seismic images. It will also allow 
investigation of the properties of the underlying basalts and sediments. Previous work found 
that an airgun-geophone combination gave superior data, in many respects, to airgun-streamer 
or dynamite-geophone combinations. 

Results of the previous work also indicate, among other things, a large change in the 
thickness of the Middle Basalt Formation of the Faroe Islands between Glyvursnes and 
Vestmanna. The GlyVeST survey should cast light on the nature of this thickness change and 
the tectonic history of the Faroes region, as well as the relative roles of volcanism and 
sedimentation, important to understanding the petroleum potential of the Faroes. 
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The use of geo-electrical methods in the Faroes have seldom been used, with the first 
attempts in the early sixties and since then no geo-electrical surveys have been conducted 
until in 2005 when Jarðfeingi and Munin in collaboration performed a survey using the 
newest CVES (Continuous Vertical Electrical Sounding) geo-electrical method. 

The survey was conducted on the island of Suðuroy, at a stratigraphical level where 
the Prestfjall Fm and Hvannhagi Fm occurs and at a location that traditionally has been a site 
for coal mining. The difficulty in confidently mapping and locating the coal-bearing 
sediments within an existing mine led to the experiment of using the CVES geo-electrical 
method to aid mapping of the sedimentary section. A pronounced topography in the survey 
area influenced the location and orientation of the CVES profiles in order to minimise 3D 
effects. 

The survey was conducted using cables with both 2 m and 5 m electrode spacing 
giving a total profile line length of 160 m and 400 m respectively, with three profiles using 
the 2m electrode spacing and 13 profiles using 5 m electrode spacing, laid out so that the 
profiles constituted a grid in the area of location uncertainties of the coal-bearing sediments 
within the mine. 

The data was interpreted using a standard 2D least squares inversion choosing the L1-
norm (Res2dInv), giving sharper resistivity boundaries. In the interpretation, three shallow 
bore holes in the area were used as constraints for depth and thickness of the coal-bearing 
sediments were profile and borehole location coincided. 

The results showed that the inferred location of the coal-bearing sediments from 
Rasmussen and Noe-Nygaard mapping was slightly off and that the boundary is placed 
slightly lower in the terrain, but also that topography played a significant role in mapping the 
deeper part, hampering the certainty with what confidence the coal-bearing sediments could 
be located. However in less steep areas the method showed good results in mapping the 
overburden thickness and also the shallow part of the basalt/sediment interface. 
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Places to eat in Tórshavn 

A Selection of Restaurants 

Hotel Hafnia, Áarvegur 4-10 – renown for its fish buffet 

Hotel Tórshavn Brasserie Hvonn, Tórsgøta 4 – serves food from Italy, Mexico, America, 

Japan, India and Thailand 

Toscana, Nólsoyar Pálsgøta 13 – a small cosy restaurant in the centre of the city, specialises 

in Italian food 

Restaurant Merlot, Magnus Heinisonargøta 20 – small and more expensive restaurant; 

known for its selection of meat and fish dishes 

Matstovan Hat-Trick, Heykavegur 1 – located next to the bowling alley. Serves bar food as 

well as having a restaurant. 

Matstovan Glasstovan, Oyggjarvegur  45 – Hotel Føroyars restaurant where you can enjoy a 

meal while watching the beautiful panorama view of Tórshavn 

Nantong, Tinghúsvegur 8 – a Chinese restaurant that does as much as you can eat buffet as 

well as off the menu selections. 

Pizza 67, Tinghúsvegur 8 – as the name suggests, pizza 

Gourmet, Grímur Kambans Gøta 13 – upmarket restaurant where the menu changes weekly, 

serves good fish and meat dishes 

Kliché, Vágsbotnur – a small restaurant close to the harbour, serves good meat and fish dishes  

Cafes and Bars 

Gallarí Jinx, Áarvegur 3 – were you can eat food or cakes, drink coffee or beer while 

enjoying the cafés gallery 
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Cafe Natúr, Áarvegur 7 – were you can get food, cakes, coffee, beer and drinks while 

listening to live music (mostly at the weekends) – pub-like atmosphere 

Cafe Chippo/Sportscafe, Tórsgøta 11 – sports bar where you can get food, coffee and 

alcoholic drinks 

Cafe Karlsborg, Vágsbotnur – the nice cafe by the harbour with food, coffee and soft drinks 

Manhatten, Magnus Heinisonargøta 18 – a bar in the town centre that has live music at the 

weekends 

Hvonn, Tórsgøta 4 – a non-smoking bar with a pleasant atmosphere and a selection of foreign 

beers 

Hotel Hafnia, Áarvegur 4-10 – At the bar you can order beverages or maybe a light meal. For 

entertainment they have satellite-TV with BBC, CNN and other channels, including live 

transmission from The Premier League. 
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A Selection of Sights to see in Tórshavn 

Tinganes 

It was at Tinganes that the first settlers set up the first parliament Altingið in 825, later to 

become the Løgtingið. It was also here Christianity was first introduced to the Faroes around 

the year 1000 and it was also where the early traders met, conducted their business and had 

their warehouses. In 1673, a devastating fire destroyed most of the buildings on Tinganes, 

leaving only Munkastovan and Leigubúðin in their original state. A stroll through the narrow 

streets and grassed covered buildings of Tinganes is absolutely recommended. 

Havnar Kirkja 

The small Faroese cathedral, Havnar Kirkja, is located on Tinganes. The cathedral was built 

in 1788. The church bell was rescued from the ship Norske Løve, which sank off Lambavík in 

Eysturoy New Years Eve 1707. The church font dates to 1601 and a crucifix from the early 

1700s. It you would like a visit inside, go to the parish office between 16.30-18.00 and 

someone will open it for you. 

Skansin 

The ruins of the fort Skansin is located near the eastern harbour. It was built by Magnus 

Heinason in 1579 to prevent privateers and smugglers from upsetting the local monopoly 

trade that he had obtained. In 1677 Tórshavn was attacked by the French which were at war 

with Denmark and Skansin was destroyed. It was rebuilt in 1780. During the British 

occupation of the Faroes during World War II it was used as the allied naval headquarters. 

Old bronze guns from 1782 can still be seen and two British guns from World War II. This is 

one of the best spots in Tórshavn for a nice view and a pleasant spot to relax. 

Smiðjan í Lítluvík 

An art gallery located on Grím Kambansgøta close to the western harbour and housed in an 

old iron forge. It has no opening hours but exhibitions are advertised at the Kunningarstovan 

tourist office. Admission is free and items on display are usually for sale. 
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Tinghúsið 

The modern Løgting is located in the centre of the city on Tinghúsvegi – this is where the 

parliament gathers today. 

Viðalundin 

The Viðalund Park in Gundadalur is a nice place for a stroll. There are several nice paths and 

duck ponds. The park also holds Tórshavn’s seamen’s monument. 

Listasavn Føroya 

The Faroese Museum of Art, is located on the northern edge of Viðalund Park. Apart from 

hosting art exhibitions the locality is also used to host musical and theatrical performances. 

It’s open from 11 am to 4 pm Tuesday to Friday and 14:00 to 17:00 on the weekends until the 

31st of August. From 1st September the hours are 14:00 to 16:00 Tuesday to Sunday. 

Føroya Fornminnisavn 

The Historical Museum located in Hoyvík. A very interesting attraction to visit if you are 

interested in Faroese history. The exhibition holds artefacts from the archaeological sites; 

Tjørnuvík, Sandoy and Kirkjubøur. You can see artefacts from the Viking Age through to the 

medieval period. It’s open from 10:00 to 17:00 on weekdays and 14:00 to 17:00 on weekends. 

Across the road Hoyvíksgarður open air museum consists of a restored barn and farmhouse 

laid out as it was in 1920. 

Náttúrugripasavn 

The Natural History Museum is located on V.U. Hammershaimbsgøta 13. The museum holds 

a comprehensive collection of stuffed birds and skeletons of mostly marine mammals. There 

is also a collection of Faroese minerals and rocks. Behind the museum there is a small botanic 

garden with Faroese flowers. Opening hours are from 10:00 to 16:00 on weekdays and 15:00 

to 17:00 on weekends. 
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