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Foreword 

This report is the culmination of an investigation by the British Geological Survey (BGS) and 

Jarðfeingi (the Faroese Geological Survey) on behalf of the Faroe-Shetland Consortium (FSC). The 

principal thrust of this study is to determine the absolute age of the Faroe Islands Basalt Group (FIBG) 

in and around the Faroe Islands, and the correlative volcanic units in the Inner Hebrides, northwest 

Scotland and in Northern Ireland. This was achieved by radioisotope dating and the palynological 

analysis of some of the interbedded sedimentary rocks. Some stable isotope analyses were also carried 

out. The spatial and temporal relationships of these basalt-dominated formations, which were erupted 

as part of the North Atlantic Igneous Province (NAIP), are important in the hydrocarbon prospectivity 

of the Faroe-Shetland Basin. This work draws upon the results of previous FSC projects, especially 

Smith et al. (2013). 
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Summary 

The chronostratigraphy of the Faroe Islands Basalt Group, and thereby the entire North Atlantic 

Igneous Province, presents a long-standing controversy among government, industry and academic 

stakeholders with activities in the Faroe-Shetland region. The application of biostratigraphy, 

magnetostratigraphy, radio-isotopic dating and seismic analysis have all failed to agree on the 

absolute age span of the volcanic province. The lack of an externally consistent chronostratigraphic 

framework pose a risk to the hydrocarbon prospectivity in the economically important Faroe-Shetland 

Basin.  

This report provides a review of the onshore geology of the Faroe Islands Basalt Group and the British 

Palaeogene Igneous Province, and the contrasting age models for the emplacement of the North 

Atlantic Igneous Province are described in detail. New high-precision U/Pb zircon age determinations 

and palynological analyses of key stratigraphic sections from the Faroe Islands, Inner Hebrides and 

Northern Ireland are given. Available magnetostratigraphic, biostratigraphic and radio-isotopic age-

constraining data from the literature and this study are assessed. It is demonstrated in detail how 

previous biostratigraphic interpretations, that constrain the collective pre- to syn-breakup eruptive 

products of the NAIP to the late Thanetian ï early Ypresian (T40-T45), are fundamentally flawed. 

These interpretations have strongly influenced chronostratigraphic correlations between volcanically-

saturated onshore basins and volcanically-starved offshore basins, and the portrayal of interaction 

between sedimentary and volcanic depositional processes in the Faroe-Shetland region. A consistent 

multidisciplinary age model for the protracted emplacement of the NAIP is presented, including 

absolute numerical age constraints and assessment of palynofloral assemblages from two key onshore 

occurrences of the Staffa Flora. The report also highlight the identification of remaining outstanding 

problems regarding the absolute chronostratigraphy for Palaeocene to early Eocene formations and 

sequences of the Faroe-Shetland Basin. 
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1 Introduction 

The Faroe Islands are located in the North Atlantic Ocean, southeast of Iceland and northwest of the 

Shetland Islands (Figure 1). The islands are dominated by the the subaerially exposed part of an 

extensive succession of Palaeogene basalt formations known as the Faroe Islands Basalt Group 

(FIBG) (Figure 2; Rasmussen and Noe-Nygaard 1969, 1970; Passey and Jolley 2009). The FIBG 

erupted as part of the North Atlantic Igneous Province (NAIP) that formed during the opening of the 

North Atlantic Ocean (Figure 3 and Figure 4; Saunders et al. 1997, Jolley and Bell 2002, Storey et al. 

2007). The highly resistant basalts of the FIBG influence the highly distinctive rugged landscape in 

this remarkable archipelago of elongate islands, which are mainly oriented NNW-SSE (Figure 2 and 

Figure 5). 

 

Figure 1 A geographical map, including territorial boundaries, of the Northeast Atlantic to the north of the UK and 

Ireland illustrating the location of the three areas that were studied herein, i.e. the Faroe Islands, the Inner Hebrides 

and Northern Ireland. 
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Figure 2 A geological map of the Faroe Islands modified after Rasmussen and Noe-Nygaard (1969, 1970) and Passey 

and Jolley (2009). The outcrops of the Beinisvørð to Enni formations of the Faroe Islands Basalt Group are illustrated 

(Table 1) 
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The FIBG is known from dredge samples, offshore and onshore boreholes, and outcrops (Waagstein 

1988). It covers a very wide area (>120 000 km2), and extends into the Faroe-Shetland Basin over 

200 km to the E and SE of the Faroe Islands (Fig. 3). This volcanic group normally dips to the SE, 

and is ca. 6.6 km thick. This assessment of thickness is derived from a composite measured section 

of ca. 3.2 km, plus ca. 3.4 km proved by the Lopra-1/1A onshore borehole on Suðuroy (Figure 2; 

Chalmers and Waagstein 2006). This important unit was deservedly formalised as a group by Passey 

and Jolley (2009, Figure 3, Table 1), who subdivided their FIBG into seven formations (Table 1). Prior 

to Passey and Jolley (2009), the FIBG was subdivided into four, five and six informal 

lithostratigraphical units by Rasmussen et al. (1956), Rasmussen and Noe-Nygaard (1970), 

Waagstein (1988) and Ellis et al. (2002). 

 

Figure 3 The North Atlantic Igneous Province (NAIP) illustrating the geographical extent of offshore and onshore 

igneous and volcanic activity (from Emeleus and Bell 2005, fig. 2). 

The age, architecture and spatial relationships of the FIBG have major implications for the 

hydrocarbon prospectivity and the regional petroleum geology of the Faroe-Shetland region and 

surrounding areas (e.g. Ellis and Stoker 2014, Hamilton and Minshell 2018). More specifically, the 

absolute age of the FIBG (Storey et al. 2007, Wilkinson et al. 2017), when considered in a regional 

context, has major consequences for the regional tectono-stratigraphical evolution of the Northeast 

Atlantic, in particular between the Faroe Islands and northwest Scotland. This, in turn, clearly 

substantially impinges on the hydrocarbon prospectivity of the earlier and contemporaneous 

sedimentary successions that underlie the FIBG. 
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Table 1 The seven formations of the Faroe Islands Basalt Group as defined by Passey and Jolley (2009). The major 

three formations are in bold font. 

 

 

Figure 4 A generalised palinspastic map of the northeast Atlantic for the Late Palaeocene to Early Eocene interval 

modified from Stoker & Varming (2011). Acronyms: ADS - Anton Dohrn Seamount; KB - Kangerlussuaq Basin; MB - 

Møre Basin; NRB - North Rockall Basin; NSB - North Sea Basin; PB - Porcupine Basin; RBS - Rosemary Bank 

Seamount; SRB - South Rockall Basin; VB - Vøring Basin; WTR - Wyville Thompson Ridge. 
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At present, the chronostratigraphy of the FIBG is controversial. In summary, Schofield and Jolley 

(2013) attributed the Lopra, Beinisvørð, Malinstindur and Enni formations all to the early Ypresian 

(~56.0ï54.8 Ma) interval. This conflicts markedly with the Selandian to Ypresian (~?61ï54.8 Ma) 

age assessment of this succession by Storey et al. (2007) and Mudge (2015). This substantial 

chronostratigraphical conflict was recently discussed by Stoker et al. (2018, Figure 3), is summarised 

in Figure 6 and is discussed in detail later in this report.   

 

Figure 5 A montage of four photographs of typical Faroe Island landscapes to illustrate the glacially-eroded 

landscapes of the FIBG. A) The View from Hvannafelli on Suðuroy. B) Múlafossur in Gásadalur on the Island of 

Vágoy. C) The islet of Tindhólmur. D) The larger fjord is called Hovsvík and is on Suðuroy, the small islet/holm is 

called Hovshólmur. 
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Figure 6 A stratigraphical chart to illustrate the substantially differing age models for the Faroe Islands Basalt Group, 

after Schofield & Jolley (2013), Mudge (2015) and Stoker et al. (2018). The information on the FaroeïShetland Sill 

Complex and the onset of tuffaceous activity, which are both highly relevant to the volcanic activity, is taken from 

Mudge (2015), Schofield et al. (2017) and Watson et al. (2017). The timescale is based on Gradstein et al. (2012) and 

the T-sequences are from Mudge (2015). 

Therefore, biostratigraphy, magnetostratigraphy, radio-isotopic dating and seismic analysis have 

hitherto failed to provide a consensus as to the age of this important major unit (Smith et al. 2013; 

Kimbell 2014). Following critical review of both the radio-isotopic and palynological data it was 

considered that considered uncertainty remained, due to interpretation of both the 40Ar/39Ar and 

palynological data, such that the data could not be used to discriminate between either óModel 1ô or 

óModel 2ô (Figure 6). The present study aims to place the FIBG into an accurate and reliable 

chronostratigraphical framework using radio-isotopic dating and palynology. The radio-isotopic 

method to be used is U-Pb zircon, and not 40Ar/39Ar whole rock analyses. The U-Pb zircon strategy 

uses an indirect approach to dating the basalts via analyses of zircon crystals in the inter-trappean 

sediments, an approach that is proving increasingly useful in other large igneous /flood basalt 

provinces. 

This report summarises the data, interpretation and synthesis of that have arisen from the project.  

Following on from Phase 2 efforts, and the various SINDRI supported studies that attempted to 

address the issues outlined above (e.g., Sherlock et al., 2010) we proposed to take a more regional 

approach to the problem ï rather than focussing just on dating the basalts themselves, which is 

challenging from a radio-isotopic dating perspective, could we step back and develop a regional 

chronostratigraphic framework using a set of robust constraints that directly and indirectly constrain 

the geology of interest. 
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The original project tasks are as follows: 

Å Radio-isotopic dating of ~10 key samples from a wider sample set (~30 samples). These 

would be from both the FIBG and the BPIP.  

Å Palynological investigations of a key reference section in the Faroe Islands, selected 

offshore wells in the Faroes area, and selected onshore sections from the Inner Hebrides 

(Scotland) and Antrim (Northern Ireland) in order to help interpret the biostratigraphy. 

(~190 samples) 

Å Compilation of published magnetostratigraphical data relevant to the localities used for 

the biostratigraphical, radio-isotopic dating and stable isotope analyses.  

Å The analysis of ~100 samples of sedimentary rocks for ŭ13Corg in order to attempt to 

locate the PalaeoceneïEocene thermal maximum (PETM, ~56 Ma) 

Å Development of an integrated age model for the FIBG through integrated palynology-

based biostratigraphy, magnetostratigraphy, radio-isotopic dating and stable isotope 

analysis. 

All task have been complete and the programme of work was in fact expanded during the project to 

include additional study areas (i.e., dating of tuff from the Faroe-Shetland Basin) and the number of 

analyses undertaken has exceeded the amount planned.  This report contains the background, 

methods, results, data interpretation and synthesis of the project. 

2 Overall Background 

The NAIP is a large igneous province centered on Iceland (Figure 3, Saunders et al. 1997). During the 

Paleogene, massive volumes of basalt lava were erupted. This formed the Thulean Plateau, which is 

>1.3×106 km2 in extent, and has a volume of ~6.6×106 km3. (Eldholm and Grue 1994). The Thulean 

Plateau was fragmented during the opening of the North Atlantic. This breakup resulted in large 

fragments in the Faroe Islands, Greenland Iceland, the Inner Hebrides, northwest Scotland, Northern 

Ireland and Norway. The NAIP has also been termed the Brito-Arctic province, and the fragments 

around the British Isles are collectively known as the British Paleogene Igneous Province (Emeleus 

and Gyopari 1992; Emeleus and Bell 2005). 

The magmatism across the NAIP was due to the Iceland Mantle Plume which was initiated during 

the latest Cretaceous (Schilling 1973). Magmatic activity continues today on Iceland and along the 

Mid-Atlantic Ridge. However contemporary activity is substantially less vigorous than during the 

Palaeogene when up to 6 km of extrusive igneous rocks were erupted during the primary rifting and 

the initiation of sea floor spreading. Much of the lava pile was subaerial due to the thermal doming 

caused by the plume. 

In this section, the issues surrounding the chronostratigraphy of the FIBG, the central thrust of this 

report, are briefly discussed. The motivation behind this endeavour is that the age and the spatial 

relationships of the FIBG have major implications for the hydrocarbon prospectivity and the regional 

petroleum geology of the Faroe-Shetland region and surrounding areas. 

At present, the chronostratigraphy of the FIBG is somewhat controversial among the research and 

industry communities that have activities in the FSB and bordering terranes. Biostratigraphy, 

magnetostratigraphy, radio-isotopic dating and seismic analysis have all failed to provide a consensus 

as to the age span of this important major volcanic group and its correlatives (Figure 6; Smith et al. 

2013; Kimbell 2014). There are several contributory factors to this. Firstly, obtaining reliable age 

determinations from basalts is frequently very challenging. Basalts are low-potassium rocks which 

have normally been subjected to low-temperature alteration, argon loss, excess argon, and lack of 

zircon saturation. Moreover, the interpretation of their field relations can be difficult to precisely 

determine. Secondly, radio-isotopic age data from the literature is often subjective in terms of its 

interpretation. Finally, accurate magnetostratigraphy depends on absolute age constraints. 
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As set out in Section 1, Professor David W. Jolley and collaborators contend that the FIBG is 

chronostratigraphically constrained to the late Thanetian to early Ypresian (57ï54.8 Ma) or the early 

Ypresian (~56.0ï54.8 Ma) (e.g. Passey and Jolley 2009, fig. 18; Schofield and Jolley 2013, Figure 3). 

This view has been promulgated in several publications (Ellis et al. 2002, Jolley and Whitham 2004), 

and was justified by this group as largely being supported on the basis of pollen biostratigraphy. 

However, the palynological basis for the late Thanetianïearly Ypresian age model has been 

challenged (e.g. Riisager et al. 2002, Storey et al. 2007, Larsen et al. 2014). Radio-isotopic data for 

the FIBG and correlatives in the Inner Hebrides and Scotland span the Danian to Priabonian interval 

(~62 to 34 Ma) as illustrated by Sherlock et al. (2010, fig. 19d) and Larsen et al. (2016, Figure 11). 

Similarly, for example, Mudge (2015) assigned the FIBG to the Selandian to Ypresian (~?61ï54.8 

Ma) age. This situation was recently discussed by Stoker et al. (2018, Figure 3) and the two conflicting 

hypotheses are summarised in Figure 6. 

The lithostratigraphy of the Palaeogene succession west of Shetland, the Sullom Formation to the 

Balder Formation, is well-established (Ritchie et al. 2011). These five formations have been 

subdivided into a sequence stratigraphical framework based on biostratigraphy, heavy mineral 

analysis, lithofacies and sedimentology (Ebdon et al. 1995, Lamers and Carmichael 1999). The 

Sullom Formation to the Balder Formation succession is assigned to sequences T10 to T50 of Danian 

to Ypresian age (Ebdon et al. 1995, Figure 4; Passey and Jolley 2009, Figure 18). 

3 Geological Background 

In this section, the geological background for northwest UK and the Faroe Islands is outlined in three 

sections. Regionally, during the Palaeocene, the continental crust between Greenland and Europe was 

influenced by a syn-magmatic extensional tectonic regime associated with an early attempt to open 

the North Atlantic Ocean. The crust was extended, thickened and uplifted by the doming effects of 

the Iceland Mantle Plume. Seafloor spreading was then initiated at the mid-Atlantic Ridge in the latest 

Palaeocene to early Eocene (e.g. Pitman and Talwani 1972, Schilling 1973; Ito et al. 1996). 

3.1 THE FAROE ISLANDS  

The FIBG is an important constituent of the NAIP (Figure 2 and Figure 3). It comprises an extensive 

and thick (~6.6 km) Paleogene basalt lava-dominated succession in the Faroe-Shetland Basin, which 

is one of the several rift basins on the margin of the northeast Atlantic Ocean. This important unit is 

part of an extensive continental flood basalt province. The FIBG is dominated by extrusive and 

intrusive igneous rocks, and was first studied by Rasmussen and Noe-Nygaard (1969, 1970). 

However, most of the succession comprises subaerial basalt lava flows. More recent research has 

centred on the geochemistry, geochronology and magnetostratigraphy of the basalts (e.g. Hald and 

Waagstein 1983, Waagstein 1988, Riisager et al. 2002). More recently, Passey and Jolley (2009) 

presented a new and revised formal lithostratigraphic division of the FIBG, including the volcanic 

section penetrated by the Lopra-1 and 1A well (Fig. 2, and Table 1). 

The FIBG comprises three main periods of basalt lava eruption; these events produced the Beinisvørð, 

Malinstindur and Enni formations. The Lopra, Prestfjall, Hvannhagi and Sneis formations are 

distinctly subordinate by comparison (Passey and Jolley 2009, Figure 17). These three major units 

were erupted onto a subaerial setting that extended from East Greenland through the Faroe Islands 

and continuing south-east into the Faroe-Shetland Basin. The pre-breakup Beinisvørð Formation is 

~3250 m thick and exhibits a classic tabular facies architecture, and comprises a succession of simple 

lava flows each of which comprises a single sheet lobe. Overlying the Beinisvørð Formation is the 

lithologically distinctive Malinstindur Formation, which exhibits compound-braided facies between 

~1350 m and ~1250 m. The Enni Formation is the uppermost unit and comprises both compound and 

simple lava flows. This unit exhibits two architectures and facies, i.e. compound braided and classic 

tabular-classic. The nature of the sheet lobes of the Beinisvørð and Enni formations strongly suggests 
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emplacement via inflation. Lava supply and eruptive style probably influenced the morphology of the 

compound and simple flow successions of the FIBG (Passey and Jolley 2009). Both the Malinstindur 

and Enni Formations were erupted during the syn-breakup tectonic regime. 

3.2 MULL AND SKYE, INNER  HEBRIDES, NORTHWEST SCOTLAND 

Material from the British Palaeogene Igneous Province (BPIP) of the NAIP was investigated herein. 

The BPIP lies along the west coast of Scotland, from Arran in the south to Skye and St Kilda in the 

north (Figure 7, Emeleus and Bell 2005, fig. 1; King 2016, fig. 187). It comprises large areas of the 

main islands in the Inner Hebrides and neighbouring areas and extends onto the adjacent mainland. 

The various units are of Danian/Selandian to early Ypresian age (Figure 8, King 2016, fig. 189). 

Initially, fissure-fed flood basalts were erupted episodically, and these are separated by erosive 

surfaces and sedimentary units. The next phase was the development of centralised volcanic 

superstructures overlying intrusive plutonic centres (the central complexes) with NWïSE trending 

dyke swarms. The BPIP is one of the worldôs classic areas for central complexes. Here the central 

complex rocks crop out in restricted subcircular areas about 15 km wide and represent the eroded 

roots of major central volcanoes which were relatively short-lived (~1 Myr) (Figure 8 and Figure 9). 

The basaltic lavas became more evolved as the BPIP developed (Emeleus and Bell 2005). 



CR/18/031031  Last modified: 2018/04/24 09:26 

 17 

 

Figure 7 The British Paleogene Igneous Province (BPIP) of northwest Scotland and Northern Ireland. The map 

illustrates the central complexes (IïXI), dyke swarms (the thick bar ornament), lava fields (Antrim, Mull and Skye) and 

sill complexes (AïH) in the southeast part 
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Figure 8 The age relationships of Paleogene igneous units in the British Palaeogene Igneous Province according to 

Mussett et al. (1988) with additional radio-isotope determinations (Emeleus and Bell 2005, table 8). The 

magnetochrons are 26N and 26R except for the Skye Central Complex which could extend to 24R (after Emeleus and 

Bell 2005, fig. 8). 

 Mull  

The island of Mull lies close to the centre of the BPIP (Figure 7 and Figure 9). The Palaeogene igneous 

succession follows the familiar pattern of extrusive basalts overlain by a central complex (Figure 9). 

The Mull Lava Group (MLG) is dominated by tholeiitic basalt and is around 1800 m thick. It 

comprises three basaltic formations, the Staffa Lava, Mull Plateau Lava and Mull Central Lava 

formations. The MLG crops out extensively throughout northern, western and coastal southern Mull 

in addition to several islands to the west and the mainland to the east as well as offshore (Figure 9). 

The flat-lying basalts produce well-developed trap topography including mountains such as Ben 

More. 

The Gribun Mudstone Member of the Staffa Lava Formation is a thin sedimentary unit, and represents 

the lowermost subdivision of the MLG. This is overlain by several flows of columnar tholeiitic basalt 

and which include the Ardtun Conglomerate Member (see subsection 3.1.3). The overlying Mull 

Plateau Lava Formation comprises two units, the Ben More Main and the Ben More Pale members. 

The uppermost unit, the Mull Central Lava Formation is largely olivine-poor tholeiitic basalt and is 

largely present in and around the Mull Central Complex (Emeleus and Bell 2005, table 15). 
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Figure 9 The northern part of the British Palaeogene Province between Mull in the south and Skye in the north 

illustrating the central complexes, lava fields (with the five main units) and the Camasunary and Skerryvore faults 

(from Emeleus and Bell 2005, fig. 9) 

 The Ardtun Leaf Beds 

The Staffa Lava Formation was defined by Williamson and Bell (2012) and was assigned to the early 

Selandian (chron 26r) by King 2016 (fig. 189). It is the oldest major unit in the post-Cretaceous 

succession on Mull, and comprises seven units of tholeiitic columnar basalt lava flows (A1 to A7) 

with seven thin sedimentary units interbedded between them (Figure 10; Williamson and Bell 2012, 

fig. 2). Radio-isotopic (40Ar/39Ar) dating of the associated basalts has been undertaken by Evans 

(1969), Mussett et al. (1972), Curry et al. (1978), Mussett (1986), Chambers and Pringle (2001) and 

Ganerød et al. (2010). The lowermost basalts were dated at 60 ± 0.5 Ma by Mussett (1986); this was 
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recalculated to 60.88 ± 1.16 Ma by Ganerød et al. (2010). Chambers and Pringle (2001) obtained an 

age of 60.5 ± 0.5 Ma. Hence the consensus of the published radio-isotopic ages is that the earliest 

lavas in the Staffa Lava Formation are late Selandian in age based on the time scale of Gradstein et 

al. (2012). 

The relatively thin intertrappean sedimentary successions below volcanic units A2 and A7 are 

collectively termed the Ardtun Conglomerate Member, first reported by Campbell (1851). The 

Ardtun Conglomerate Member is between 4 and 17 m thick, and is dominated by flint-bearing 

conglomerates and sandstones. It represents alluvial fan, fluvial channel/overbank and shallow 

lacustrine depositional settings (Brown et al. 2009). Overall, this sedimentary succession was 

deposited in a shallow, temporary lake that was partially surrounded by marshy areas. Clastic material 

and plant debris were swept into the lake by local drainage systems, and lava occasionally flowed 

into the lake, producing pillow structures. The energy levels of fluvial input to the lake varied 

profoundly, the three separate leaf beds represent relatively quiet intervals characterised by low 

sedimentation rates. The unit was comprehensively described and illustrated by Williamson and Bell 

(2012, p. 32ï38). 

 

 

Figure 10 A summary of the lithostratigraphy of the Staffa Lava Formation in the Mull Lava Field (after Williamson 

and Bell 2012, fig. 2). 

The Ardtun Leaf Beds are an informal lithostratigraphical unit within the Ardtun Conglomerate 

Member comprising three separate plant-fossil bearing beds intercalated between conglomerates and 
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sandstones (Williamson and Bell 2012, figs. 2, 40a), bracketed by units A5 and A6 in the upper part 

of the Staffa Lava Formation. Each of the three Leaf Beds is up to ~1 m thick consisting largely of 

mudstone and silty sandstone exposed in coastal cliffs and gullies on the Ardtun Peninsula, north of 

Bunessan and east of the Ross of Mull in southwest Mull (Figure 11). The lowermost Leaf Bed is 

underlain by a thin coal which passes down into a thin, pale palaeosol with roots, which is in turn 

underlain by volcanic unit A5 (Bailey et al. 1924). 

It was quickly realised that the abundant angiosperm plant fossils in the Ardtun Leaf Beds may allow 

biostratigraphical dating of the sedimentary rocks and the associated basalts. Major publications on 

the Ardtun Leaf Beds and associated strata are Bailey et al. (1924) and Skelhorn (1969).  

 

Figure 11 A simplified geological map of southwest Mull to illustrate the location of the Ardtun Leaf Beds on the 

Ardtun Peninsula, north of Bunessan and Carraig Mhor, Malcolmôs Point and the Pulpit Rock (after Williamson and 

Bell 2012, fig. 4a). The Pulpit Rock lies centrally between Malcolmôs Point and Carsaig Bay. 

The Ardtun Leaf Beds contain angiospermous plant fossils, mainly fruits, leaves, pollen and seeds. 

The macrofossils can be relatively common and extremely well-preserved (Campbell 1851, Boulter 

& Kvacek 1989). Leaves are especially prominent and has been termed óone of the ñclassicò leaf 

floras from the Palaeocene-Eocene transitional intervalô by Cleal et al; (2001). This assemblage 

represents a temperate palaeoclimate based on the plants, which are dominantly trees, and include 

Corylus (hazel), Ginkgo (maidenhair tree), Platanus (plane) and Quercus (oak) (see Skelhorn 1969). 

Other fossils include arthropods and molluscs (Gardner 1887, Edwards 1922, Zeuner 1941, 1944, 

Cooper 1979, Jarzembowski et al. 2010). 

The biostratigraphy of the plants and pollen of the Ardtun Leaf Beds has been widely discussed in 

the literature. The macrofossils were originally assigned a probable Eocene age by Seward and 

Holttum in Bailey et al. (1924). Research on the pollen assemblages has provided a variety of 

conclusions. The first interpretation was Miocene or Early Pliocene (Simpson 1961). This was revised 

to latest Cretaceous (Maastrichtian) by Srivastava (1975). Both the previous studies were correctly 

deemed to be inaccurate by Boulter in Curry et al. (1978), who invoked a Paleocene age. 
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Bell and Jolley (1997) and Jolley (1997) placed the Ardtun Leaf Beds in the earliest Ypresian (~55 

Ma) using an interpreted correlation to some well-constrained assemblages in the Faroe-Shetland 

Basin. However, this age assessment has proved controversial. Kerr et al. (1998, 1999) stated that 

Bell and Jolley (1997) had made the assumption that the initiation of Paleogene volcanic activity on 

Mull also at ~55 Ma (early Ypresian). This is clearly substantially (~5 My) younger than the reliable 

radio-isotopic (40Ar/39Ar) ages of the basalt lavas published by Mussett (1986) and Chambers and 

Pringle (2001), which was ~60 Ma. Assuming that the lowermost basalt lavas in the Staffa Lava 

Formation are not significantly older than the Ardtun Conglomerate Member, the latter is probably 

~59 Ma (i.e. early Thanetian). Furthermore, King (2016, p. 570) detailed five specific apparent 

problems with the pollen-based biostratigraphical age assessment of earliest Ypresian for the Ardtun 

Leaf Beds. These are largely the over-interpretation of certain taxa, for example the presence of 

common Monocolpopollenites tranquillus was used to justify the earliest Ypresian age interpretation. 

However this species is also present in significant proportions in the late Selandian and early 

Thanetian (Gruas-Cavagnetto 1972, Gruas-Cavagnetto 1976, Eldrett et al. 2014). 

Monocolpopollenites tranquillus has also been reported from the latest Cretaceous (Herngreen et al. 

1986). 

The pollen association from the Ardtun Leaf Beds was referred to as the óStaffa-type palynofloraô by 

Jolley et al. (2002), and interpreted this assemblage as a hyperthermal biota which is characteristic of 

the relatively brief (~170 Ky at ~56 Ma) PaleoceneïEocene Thermal Maximum (PETM). The latter 

authors stated that óThe Staffa-type palynoflora recovered from Mull is typified by common 

Caryapollenites veripites and Platycaryapollenites platycaryoidesé..ô (Jolley et al. 2002, p. 7). 

However, Aubry et al. (2003) noted that these pollen species were not recorded from Mull by Jolley 

(1997). They are also not recorded in this study (section 4.1.4). Hence it appears that the Staffa-type 

palynoflora of Jolley et al. (2002), while being a valid marker for the PETM, is absent in the Ardtun 

Leaf Beds.  Aubry et al. (2003) and Wei (2003) have heavily criticised the chronostratigraphical 

conclusions and the correlations proposed by Jolley et al. (2002). Indeed, the former authors stated 

óWe view Jolley et al.ôs (2002) claims that a miscalibration by up to 5 Myr of currently adopted time 

scales to be without foundation, a result of selective use and misinterpretation of geochronologic data 

and undue reliance on imprecise and unsubstantiated palynologic evidenceô Aubry et al. (2003, p. 

468). The so-called recalibration proposed by Jolley et al. (2002) has not been accepted by researchers 

in this area, and was further substantially critiqued by King (2016, p. 80ï81). 

In conclusion, the age assessment of early Ypresian by Bell and Jolley (1997) and Jolley (1997) based 

on their pollen data is not supported herein. Using the records reported from the Faroe-Shetland Basin 

in Bell and Jolley (1997), it is clear that the Ardtun Leaf Beds are earliest Thanetian or older and this 

negates the ómiscalibrationô of the palynological and radio-isotopic age dates documented in Jolley 

et al. (2002). King (2016, p. 570, fig. 22) stated that the absence of Caryapollenites and Momipites 

indicates a correlation with the Paleocene Palynoflora 1 Zone 1 (PP1). 

 Skye 

Skye is at the northeast extremity of the HIC and the relevant succession comprises the Skye Lava 

Group which is Selandian in age and is overlain by four Thanetian to Ypresian central complex 

successions (King 2016, fig. 189). The Skye Lava Group belongs to the Skye Main Lava Series and 

is largely comprised of alkali basalts, hawaiites and mugearites (Cattell 1989). It forms the Skye Lava 

Field of north and west-central Skye (Figure 12 and Figure 13). Much of its southern outcrop virtually 

surrounds the Cuillins Central Complex, and this unit extends south to several smaller islands such 

as Canna, northwest Rum and Sanday (Figure 9). It is thought to be middle Thanetian in age (Jolley 

1997, Bell and Williamson 2002). However King (2016, fig. 189) placed this unit in the late 

Selandian. 
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Figure 12 An outlier of tholeiitic basalt lava belonging to the Talisker Formation of the Skye Lava Group at Preshal 

Beg, southwest Skye. The Talisker Formation is the youngest unit of the Skye Lava Group in west-central Skye and 

overlies the Preshal Beg Conglomerate, an intertrappean sedimentary unit which was sampled in this study (Emeleus 

and Bell 2005, table 9). The Skye Lava Group is also visible as Macleodôs Tables in the distance on the left of the 

image. BGS photograph P580466. 

 

 

Figure 13 The units of the Skye Lava Group in west-central Skye and the five intrabasaltic palaeosurfaces (E1 to E5) of 

Jolley (1997). The five palaeosurfaces are also correlated with the equivalent units of Anderson and Dunham (1966). 

After Jolley (1997, fig. 2) 

This major group is subdivided into several units (Figure 13; Jolley 1997, fig. 2; King 2016, fig. 188) 

ranked as groups and formations by Williamson and Bell (1994) but reclassified as formations and 

members respectively by British Geological Survey (2000) and Emeleus and Bell (2005, table 9). The 

Skye Lava Group of west-central Skye is difficult to correlate with this unit in northern Skye, however 

King (2016, fig. 188) gave a speculative summary. 



CR/18/031031  Last modified: 2018/04/24 09:26 

 24 

Jolley (1997) designated five intertrappean sedimentary successions within the Skye Lava Group as 

palaeosurfaces E1 to E5 (Figure 13). These units are mainly documented in west-central Skye and 

represent intervals of erosion, non-marine sedimentation and pedogenesis. Therefore, as originally 

defined, they are sedimentary successions and not surfaces. 

3.3 NORTHERN IRELAND  

Northern Ireland lies to the south of the BPIP (Figure 8) and was also affected by the plume-related 

doming and volcanism. Here basaltic lavas were erupted and formed the geographically extensive 

Antrim Plateau and its offshore equivalents (Figure 14; Bell and Jolley 1997). These lavas are termed 

the Antrim Lava Group which overlies the earliest Palaeogene Danian) Clay-with-Flints unit. The 

Antrim Lava Group comprises The Lower Basalt, Interbasaltic and Upper Basalt formations, which 

have been dated as Seelandian to Thanetian (61ï58 Ma) (Figure 15; Mitchell 2004, table 14.1). The 

Lower Basalt and Upper Basalt formations represent two cycles of fissure eruption of olivine tholeiite 

basalt lavas. Effects of fractional crystallisation of the parent magma in the uppermost part of the 

Lower Basalt Formation are evident. The Interbasaltic Formation comprises intensely weathered, 

lateritised basalt from the Lower Basalt Formation. The Interbasaltic Formation thus represents a 

relatively short interval of sub-tropical weathering. The detailed stratigraphy and geographical 

distributions of the three formations was described in detail by Mitchell (2004, p. 167ï178). 

 

Figure 14 A sketch geological map of the Antrim Lava Group in Northern Ireland (from Mitchell 2004). 
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Figure 15 The geochronology and lithostratigraphy of the igneous rocks of Northern Ireland including the Antrim Lava 

Group (from Mitchell 2004). 

4 Palynology 

In this section, the palynology of material collected in the Inner Hebrides, Northern Ireland and the 

Faroe Islands is described below. 

4.1 MULL, INNER HEBRIDES , NORTHWEST SCOTLAND  

Four localities on the Brolass Peninsula of southwest Mull, Ardtun Head, Carraig Mhor, Malcolmôs 

Point and the Pulpit Rock, were sampled (Figs. 10, 16). In total, 15 samples were collected from the 

four sedimentary units associated with units A2, A4, A5 and A6 of the Staffa Lava Formation 

(Williamson and Bell, 2012, fig. 2). In summary, only the Ardtun Leaf Beds at Ardtun Head (unit 

A6) yielded relatively common palynofloras which, taken in isolation, are indicative of a probable 

early Thanetian age (subsection 4.1.4). The samples from Carraig Mhor, Malcolmôs Point and the 

Pulpit Rock produced barren or extremely sparse palynomorph associations, and detailed age 

assessments are not feasible. 

 The Pulpit Rock, Carsaig Bay, south Brolass, southwest Mull 

Two samples of the Ardtun Conglomerate Member, MPA 68171 and MPA 68172, from a siliciclastic 

succession which overlies volcanic unit A1 were collected from the Pulpit Rock, west of Carsaig Bay, 

south Brolass, Mull (Williamson and Bell 2012, figs. 4d, 10ï13) and studied for palynomorphs. This 

sedimentary unit is an intertrappean bed ~10 m thick between volcanic units A1 and A2 of the Staffa 

Lava Formation (Williamson and Bell 2012, fig. 2). 
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Figure 16.  Sample localities on Mull. 

Sample MPA 68171 is of a coarse-grained sandstone-conglomerate close to the contact with the basalt 

of volcanic unit A1, within sedimentary unit C1 of Williamson and Bell (2012, figs. 10ï13). It yielded 

an extremely sparse palynoflora. Fungal material is present to common, and the only recognisable 

palynomorphs are very rare specimens of the pollen species Inaperturopollenites hiatus and 

undifferentiated smooth trilete fern spores. This assemblage lacks any key biostratigraphical markers. 

For example, Inaperturopollenites hiatus has its inception in the Cretaceous and is extant. An age 

determination is therefore not possible. 

Sample MPA 68172 is from a dark grey/green sandstone close to the top of the lighter-coloured unit 

C2 of Williamson and Bell (2012, figs. 10ï13) and proved entirely devoid of palynomorphs. An age 

determination is precluded. 

 Malcolmôs Point, south Brolass, southwest Mull 

Three samples from coals and a conglomerate at the base of unit A4 of Williamson and Bell (2012), 

immediately overlying unit A3 were collected from Malcolmôs Point (Figs 10, 11, 16; Table A2). 

These all proved entirely devoid of palynomorphs, hence an age assessment is not possible. 

 Carraig Mhor, Carsaig Arches, southwest Mull 

At this locality (Figure 10, Figure 11, Figure 16), five samples of sandstone and siltstones at the base of 

unit A5, overlying unit A4, were taken. All the horizons were barren of identifiable palynomorphs, 

hence a biostratigraphical age cannot be attributed on this basis. 
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 The Ardtun Leaf Beds of Ardtun Head, north Brolass, southwest Mull 

The Ardtun Leaf Beds, at the base of unit A6 of Williamson and Bell (2012) were sampled at Ardtun 

Head, north Brolass, southwest Mull (Figure 10, Figure 11, Figure 16, Table A2). Five samples were 

collected from this locality, which was previously sampled by Simpson (1961), Phillips (1974), 

Srivastava (1975) and Jolley (1997); all five of the horizons yielded palynomorphs (Figure 17). The 

palynofloras were relatively sparse, and the preservation was generally poor. Counts yielded between 

35 to 92 specimens, and 21 taxa were recorded. 

The dominant elements are long-ranging gymnospermous pollen grains; these are undifferentiated 

bisaccate pollen attributable to the Pinaceae (pine family) and Inaperturopollenites hiatus 

(Glyptostrobus or Metasequoia). The gymnosperm Monocolpopollenites tranquillus (=Cycadopites 

shiabensis) is also very common. This abundance is anomalous and probably reflects local 

environmental conditions because Monocolpopollenites tranquillus is stratigraphically long-ranging. 

The pollen floras also contain relatively rare members of the family Betulaceae (birch) (i.e. 

Alnipollenites spp., Triatriopollenites spp. and Triporopollenites mullensis), representatives of the 

family Juglandaceae (walnuts) (i.e. Momipites spp. and Pterocaryapollenites stellatus), and long-

ranging tricolpate pollen. These are all stratigraphcally extensive genera which are typical of the 

British Palaeogene Igneous Province (BPIP). The fungal palynomorph ?Pesavis tagluensis is present; 

this is an Eocene marker in the Arctic, but has a Palaeocene first occurrence at lower latitudes. 

Reworking from the Carboniferous and Jurassic is also common. 

The only important taxon that is absent from an otherwise typical high latitude Palaeocene floodplain 

deposit is the genus Caryapollenites spp. The lack of Caryapollenites spp. from these pollen floras is 

therefore somewhat surprising. This important form-genus was also not observed by Simpson (1961), 

Srivastava (1975) or Jolley (1997) from Mull. In the central North Sea, Caryapollenites circulus 

(=Caryapollenites simplex) and Caryapollenites veripites are important markers from the latest 

Thanetian to early Ypresian (Schröder 1992; Kender et al. 2012; Eldrett et al. 2014). The genus 

generally is indicative of the ?mid Thanetian to earliest Ypresian. However well 22/11-N1 in the 

Nelson Field of the Central North Sea has yielded low but consistent proportions of Caryapollenites 

simplex, Caryapollenites triangulus and Caryapollenites veripites in the middle Thanetian uppermost 

Andrews Formation and lowermost Lista Formation (Eldrett et al. 2014). The acme of 

Caryapollenites spp. approximates to the PaleoceneïEocene boundary (PETM). Hence the absence 

of Caryapollenites spp., and the dominance of gymnosperms, is inconsistent with the Palaeoceneï

Eocene transition. Moreover, the absence of Caryapollenites, together with the presence of typical 

elements of high-latitude floodplain floras, strongly suggests an older age. 

The only taxa with any stratigraphical significance are the fungal species Pesavis tagluensis which 

has a single occurrence, and has also been recorded by Jolley (1997) from this locality, and 

Labrapollis labraferiodes that has two occurrences herein. The latter pollen species was observed by 

Simpson (1961) and Srivastava (1975) from Mull (as Engelhardtioidites granulata and Engelhardtia 

granulatus). Pesavis tagluensis is an important marker in Arctic Canada for the Eocene and has a 

range zone based around its common occurrence (e.g. Norris 1997). The age range in the UK is 

unknown and in North America is appears in the Middle Palaeocene in the lower high latitudes before 

appearing in the Eocene in higher Arctic latitudes (Rouse 1977, Lund 1989). 

Labrapollis labraferiodes (=Triporopollenites granulatus) was also observed in the Artun Leaf Beds. 

This species first appears in North America in the DanianïSelandian (Leffingwell 1971), and is 

present consistently in the late Selandianïearly Thanetian on the US Gulf Coast (Elsik and Crabaugh 

2001) and in the late Thanetian in Wyoming (Pocknall and Nichols 1996). In the central North Sea it 

is an important marker for the PaleoceneïEocene boundary (e.g. Schröder 1992, Eldrett et al. 2014), 

and coincides with the presence of the dinoflagellate cyst species Apectodinium augustum (see 

Schröder 1992, Eldrett et al. 2014). Its total range in the North Sea is mid Thanetian to the earliest 

Ypresian. Labrapollis labraferiodes features in most palynomorph biozonations throughout the North 

Sea area. The only record of this pollen species outwith the PaleoceneïEocene Thermal Maximum 

(PETM) in the UK is that of Jolley and Morton (1992) from a lignite immediately underlying a tuff 
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in the uppermost Andrews Formation. This indicates its presence around the middle Thanetian in the 

North Sea region; the range base is unknown. 

The pollen genus Montanapollis was recorded from the Ardtun Leaf Beds of Mull by Srivastava 

(1975) and the latest Paleocene (Thanetian) of the Faroes (Lund 1989). This taxon was not found in 

this study. This distinctive, large pollen is present in Arctic Canada as Derviella (see Rouse 1977; 

McIntyre 1991, 1994; Kalkreuth et al. 1996; Norris 1997; Harrington et al. 2012). In the Arctic, it is 

present from the early Ypresian from between the end of the PETM and prior to the Early Eocene 

Climatic Optimum (EECO) event (Harrington et al. 2012). The age range of Montanapollis in the UK 

is not known with certainty. It is rare in the North Sea, however, Jolley (1997) recorded the genus 

from the lower Sele Formation in the North Sea, which is of probable Thanetian age. 

The most parsimonious interpretation for the age of the Ardtun Leaf Beds is that this unit is Thanetian 

in age. More specifically, the absence of Caryapollenites is significant because this form genus is 

normally ubiquitous in the fossil record following its inception in the mid Thanetian. Labrapollis can 

be older than earliest Ypresian, and the age range of Montanapollis (=Derviella) is not known in the 

UK. Otherwise, the pollen assemblage is consistent with late Paleocene floras from the Arctic 

(McIntyre 1989). The Ardtun Leaf Beds floras conform to the Brito-Arctic assemblage of Boulter 

and Kvaļek (1989) and Boulter and Manum (1989). It is extremely unlikely that the floras are from 

the PaleoceneïEocene boundary as argued by Bell and Jolley (1997) and Jolley (1997). This is 

because the absence, or profound rarity, of gymnosperms is a key feature observed from the Arctic 

south to the middle latitudes and also from montane basins at this time (Wing and Currano 2013). 

The predominance of gymnosperms in Mull is therefore completely inconsistent with this 

phenomenon. Furthermore, Caryapollenites circulus (=Caryapollenites simplex) and Caryapollenites 

veripites are abundant and increase in proportion markedly in the PalaeoceneïEocene boundary 

interval. This is a well-established acme event (Schröder 1992; Kender et al. 2012; Eldrett et al. 2014). 

The absence of both these species of Caryapollenites strongly suggests that the Ardtun Leaf Beds are 

older than middle Thanetian, i.e. probably early Thanetian in age. However, radioisotopic dating of 

the Ardtun Leaf Bed in this study is indicative of a Selandian age, i.e. older than Thanetian (section 

6.1.1). This absolute age dating has thus provided a calibration to the pollen biostratigraphy. 

Reworking of dinoflagellate cysts, pollen and spores from the Jurassic was occasionally noted but 

this was not examined in detail; this phenomenon was previously recorded by Phillips (1974). 

 A biostratigraphical overview of the samples from Mull 

The 10 samples taken from Carraig Mhor, Malcolmôs Point and the Pulpit Rock could not be assigned 

a biostratigraphical age due to their sparsity. By contrast, the pollen assemblages from the Ardtun 

Leaf Bed strongly indicate that this unit is older than middle Thanetian, hence probably early 

Thanetian in age. However, radio-isotopic dates from this succession are indicative of the Selandian 

and this geochronological assessment provides a reliable calibration for the pollen biostratigraphy. 
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Figure 17 Palynology of the Ardtun Leaf Bed. 
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4.2 SKYE , INNER HEBRIDES, NORTHWEST SCOTLAND  

Five localities with intertrappean sedimentary rocks developed within the Skye Lava Group on Skye 

were sampled. Four of the sites, Carbost Burn Waterfall, Dunn Beag, Preshal Beag and Preshal Mhor, 

are in the west-central Skye lava field between Loch Harport and Loch Eynort in the southwest of the 

island. However, Camas Tianavaig is in east-central Skye close to the Sound of Raasay (Figure 9, 

Figure 18). A total of 19 samples were collected from palaeosurfaces E1, E3, E4 and E5 of Jolley 

(1997) (Table A3). 

Of the 19 samples collected, only nine produced palynoflaras. All the nine pollen-bearing horizons 

yielded sparse assemblages that are not age-diagnostic. The absence of key markers such as 

Caryapollenites and Momipites precludes age assessments of this material on palynological grounds 

(see subsection 4.2.5). 

 

 

Figure 18 Sample localities on Skye. 

 Near Camas Tianavaig, Sound of Raasay, east central Skye 

Two samples of sandstone from the Palagonite Tuff Plant Beds at this locality were collected (Figure 

18 Table A3). This is palaeosurface E1 of Jolley (1997). Only one of these, MPA 68200, yielded 

palynomorphs, however this was an extremely sparse assemblage. Fungal material is present, in 

addition to very low numbers of pollen grains. The latter are Alnipollenites verus, 

Inaperturopollenites hiatus, Laevigatosporites haardtii, Triatriopollenites spp. (undifferentiated), 
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Tricolpites hians and Triporopollenites mullensis. The sparsity of this assemblage, coupled with the 

long-ranging nature of these pollen taxa, means that a detailed age determination is not possible. 

 Carbost Burn Waterfall, Carbost, southwest of Loch Harport, west central Skye 

Of the three samples collected from palaeosurface E3 of Jolley (1997), below the Fiskavaig Group at 

this locality, only one, MPA 68192 produced palynomorphs (Figure 18, Table A3). This shaly 

sandstone yielded an extremely sparse palynoflora. It contains fungal material and spores, together 

with small numbers of specimens of pollen attributable to Laevigatosporites haardtii. Another sparse 

element is potentially the pollen genus Ericipites, although these specimens may be modern 

contaminants of Calluna vulgaris (= common heather). Other contaminants were present. 

Furthermore, six specimens of indeterminate sporomorphs and a single specimen of an indeterminate 

dinoflagellate cyst were observed. The sparsity of this assemblage, and the long stratigraphical range 

of Laevigatosporites haardtii means that an age determination is not possible. 

 Dunn Beag, north of Loch Harport, west central Skye 

Four of the five samples, largely siltstones, collected from the Eynort Formation at Dunn Beag, near 

Loch Harport, yielded extremely sparse palynomorph residues (Figure 18, Table A3). These samples 

are all from palaeosurface E4 of Jolley (1997). Only MPA 68197 proved barren. Samples MPA 

68199, MPA 68198, MPA 68196 and MPA 68195 produced palynomorph associations similar in 

character to the sample from Carbost Burn Waterfall (subsection 4.2.2). The samples produced fungal 

material, together with low numbers of pollen grains. The latter are bisaccate pollen, indeterminate 

pollen, Laevigatosporites haardtii, Triatriopollenites spp., Tricolpites hians and Triporopollenites 

mullensis. Additionally possible specimens of Ericipites were noted, but these may be modern 

contaminants (Calluna vulgaris = common heather). Some other contaminants are noted, but these 

are not determinable. The long-ranging nature of the identifiable pollen means that an age assessment 

is impossible. 

 Preshal Beag and Preshal Mhor, Skye 

Nine samples were collected from the Preshal Beag Conglomerate Formation from Preshal Beag and 

Preshal Mhor in west central Skye, WSW of Talisker Bay (Figure 18, Table A3). The Preshal Beag 

Conglomerate Formation is palaeosurface E5 of Jolley (1997). Eight of the samples are from Preshal 

Beag, but MPA 68190 was collected from west of Preshal Mhor. The latter proved palynologically 

barren. Three samples from the eight horizons collected at Preshal Beag yielded palynomorphs. These 

are MPA 68183, MPA 68184 and MPA 68189; the remainder were devoid of organic microfossils. 

The three productive samples contain extremely sparse assemblages which include some modern 

contamination. However, stratigraphically long-ranging indigenous taxa such as Alnipollenites verus, 

bisaccate pollen, Deltoidospora spp., Inaperturopollenites hiatus and Pterocaryapollenites stellatus 

are present in very low numbers. All these forms infer no biostratigraphical information. 

 A biostratigraphical overview of the samples from Skye 

The pollen and spore flora in the nine productive samples from Skye contain a very sparse, low 

diversity in-situ palynoflora comprising stratigraphically long-ranging taxa. The most abundant 

elements of this palynoflora are gymnosperms such as undifferentiated bisaccate pollen (Pinaceae), 

and Inaperturopollenites hiatus (Metasequoia, Glyptostrobus). The remaining pollen are typical of 

the British Palaeogene Igneous Province (BPIP). These include include Betulaceae pollen 

(Alnipollenites spp., Triatriopollenites spp. and Triporopollenites mullensis), Juglandaceae pollen 

belonging to Momipites spp. and Pterocaryapollenites stellatus (Preshal Beag only), and long-

ranging tricolpate pollen. 

The important pollen taxa that are absent from an otherwise typical high latitude floodplain 

depositional setting here are Caryapollenites spp. and Momipites spp. Of these, Caryapollenites spp. 

is an important form-genus, and was not recorded by Simpson (1961), Srivastava (1975) and Jolley 
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(1997) from Mull. In the central North Sea, Caryapollenites circulus (= Caryapollenites simplex 

herein) and Caryapollenites veripites are important markers for the latest Thanetian to early Ypresian 

(Schröder 1992, Kender et al. 2012, Eldrett et al. 2014). However, well 22/11-N1 from the Nelson 

Field in the central North Sea clearly demonstrates that Caryapollenites simplex, Caryapollenites 

triangulus and Caryapollenites veripites are consistently present in low numbers in the middle 

Thanetian. This corresponds to the uppermost Andrews Formationïlowermost Lista Formation 

interval within Shell zone PT-15.2.5 (Eldrett et al. 2014). Despite this, the acme of Caryapollenites 

spp. approximates to the PaleoceneïEocene transition. 

According to Naylor et al. (1999, fig. 4), the range top of Momipites tenuipolus is in the Middle 

Thanetian Lamba Formation with a second reappearance around the ThanetianïSelandian boundary 

in the Faroes-Shetland area. Jolley and Morton (1992) reported common Momipites tenuipolus from 

a questionably Lower Thanetian lignite which immediately overlies the Andrews Formation in 

Borehole 82/15. Eldrett et al. (2014) demonstrated that the range top of Momipites tenuipolus is latest 

Thanetian age (Shell zones PT-19.1.2 and 19.1.1) based on records from the lowermost Forties 

Sandstone Member of the Sele Formation. 

The absence of samples with abundant and diverse palynofloras which include key markers means 

that no age determinations can be assigned to any of the nine productive samples from Skye. The lack 

of key markers which are used in the Brito-Arctic region such as Caryapollenites, Labrapollis and 

Montanapollis may be due to poor preservation or age-related factors. These factors could also apply 

to the absence of Momipites tenuipolus. 

4.3 NORTHERN IRELAND  

Eleven samples were collected from the Antrim Lava Group and the immediately underlying Clay-

with-Flints from five localities in Northern Ireland in July 2017 by Mark R. Cooper and Robert J. 

Raine of the Geological Survey of Northern Ireland (GSNI) (Table A4). Upon standard palynological 

preparation, all the samples proved relatively organically sparse. The residues largely comprise black 

and brown wood fragments, and resistant mineral grains. Sample 5 from Belfast Zoo produced 

significant levels of brown amorphous organic material. The dark nature of the non-palynomorph 

organic materials, and the lack of palynomorphs, is indicative of high levels of thermal maturation 

due to the proximity of the basalts. The high levels of heat flow appear to have destroyed any 

indigenous palynomorphs. 

Samples 1, 4ï9 and 11 proved entirely barren of palynomorphs. Samples 2, 3 and 10 each yielded 

only a few pollen grains. These were generally poorly-preserved and largely unidentifiable, even to 

genus level. Two specimens of the long-ranging (Cretaceous to modern) pollen species 

Inaperturopollenites hiatus were encountered in sample 10 from the Upper Basalt Formation at 

Donaldôs Hill. 
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Figure 19 Sample localities in Northern Ireland. 

4.4 FAROE ISLANDS 

From the onshore parts off the FIBG 207 samples were collected for palynological studies and 

radiometric dating. The main focus was the transition from the pre-breakup sequence of the 

Beinisvørð Formation and Prestfjall Formation through to the syn-breakup sequences of the 

Hvannhagi Formation, and Malinstindur Formation. The complete sample list is given in Appendix 

A5 and the sample localities are shown in Figure 24. The stratigraphic range of the sample series is 

shown in Figure 25 (strat log with all samples). In addition to the onshore sample localities, the 

Vestmanna-1 Well was also sampled. This cored well penetrates the base of Malinstindur Formation 

and through the Prestfjall Formation into the Beinisvørð Formation.  

Detailed sections were also logged at the Holið í Helli locality (Section 4.4.1) and a mountain 

traverse/profile matching Major Profile number x from Rasmussen and Noe-Nygaard (1969). 

Below are descriptions from each of these main localities that did show palynological data. 

 Vágóy, Eysturoy and Streymoy 

Interlava lithologies are found throughout the sequence, but become more common towards the top 

of the formation. Although the Malinstindur Formation is sparse in fine grained thick sedimentary 

horizons, suitable for palynological studies, some isolated beds were selected for this study. Below 

are some of the localities from the Malinstindur Fm. intra lava sedimentary units from Vágoy, 

Streymoy and Eysturoy described. These samples are from the upper parts of the Malinstindur Fm. 
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Figure 20 Map showing the sample localities from Vágoy, Eysturoy and Streymoy on the Faroe Islands. 

4.4.1.1 MIÐVÁGUR QUARRY 

In the Malinstindur Formation at the quarry in Miðvágur (Figure 21) intra-lava volcaniclastic 

sedimentary beds are seen. The beds are relatively coarse, bur grading into fine-grained top. These 

samples were selected for both zircon separation (coarse units) and palynological studies (fine units). 

The samples collected at this locality proved to be barren of palynomorphs. 
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Figure 21 A 15-20 cm think volcaniclastic bed, Coarse grained at the base and grading into fine grained top. Two 

separate samples were taken at this locality. Location of the volcaniclastic bed is shown as the white dotted line on left 

photo. 

 

4.4.1.2 SANDAVÁGSHÁLSUR (ONSHORE) 

At the Sandavágshálsur locality (Figure 22) two intra-lava sedimentary units were sampled. These fine 

grained volcanclastic sandstones are some 20 cm thick and show two sequences of coarse to fine 

gradational bands. The stratigraphical height of these samples correlates roughly to the Kvívík Beds 

from Passey and Jolley (2009). 
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Figure 22 A 15 cm thick sedimentary bed in the Malinstindur Formation at Sandavágshálsur. Note the varying grain 

sizes. 

Two samples, MPA 68209 and MPA 68207, were analysed from Sandavágshálsur. They both proved 

virtually devoid of palynomorphs. Two specimens of the long-ranging smooth spore Cyathidites were 

encountered in MPA 68209 and one indeterminate dinoflagellate cyst was recognised in MPA 68207. 

There were two other palynomorph specimens in both samples, but these are not identifiable. No age 

assessment is possible. 

 

4.4.1.3 VESTMANNA-1 WELL (ONSHORE SCIENTIFIC WELL) 

From the Vestmanna-1 Well, 25 samples (FSC16-103 1-25) were taken. The stratigraphical range of 

these samples spans from the top most parts of the Beinisvørð Formation through the Prestfjall 

Formation and up through the lowest most 500 m of the Malinstindur Formation. The intra-lava 

lithologies from the Beinisvørð Formation comprise dark brown mud- and siltstones, while the 

lithologies become slightly coarser from siltstones to sandstones in the Malinstindur Formation. The 

samples collected at this locality proved to be barren of palynomorphs. 

 

4.4.1.4 KLIVARNAR , LEYNAVATN  

In the Malinstindur Fornmation at Klivarnar on Streymoy, an erosional fluvial system/channel with 

cross bedded volcaniclastic sandstones is seen (Figure 23). The sandstone is ca 1 m thick at the centre 

of the channel and the thickness rapidly decreases away from the central parts. The sandstone is 

poorly sorted, coarse with lithic fragments (IGC field guide, Passey 2008) in the central parts. 

Samples both for zircon separation and palynological studies were taken at this locality. The samples 

collected at this locality proved to be barren of palynomorphs. 
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Figure 23 Central part of the fluvial volcaniclastic channel at Klivarnar Locality, Streymoy. 

Samples MPA 68211 and MPA 68214 were collected here. 

 

4.4.1.5 SUND QUARRY 

At Sund Quarry the Sund Bed is exposed. The basal Sund Bed is part of the Sneis Formation (Passey 

and Jolley, 2009) and is ca. 1m thick. The bed is crudely graded as well as finely laminated in places. 

The volcaniclastic sandstone is generally medium grained and poorly sorted. The unit is dominated 

by sub-rounded to rounded clasts of reworked palagonitised basaltic glass, although larger clasts still 

preserve vesicles and cuspate margins. A characteristic feature of the Sund Bed and which is clearly 

evident at this locality is the preservation of creamish, charcoalified wood fragments (branches) that 

have a classic óboxworkô structure. These fragments are typically found in a layer approximately two-

thirds above the base of the bed. This surface is well exposed on fallen blocks where wood fragments 

up to 4 m in length can be seen. The Sund Bed is overlain by a volcaniclastic conglomerate sequence 

that has been intruded by a thick basaltic sill which forms the quarry face. Thin ópocketsô of the 

conglomerate can been seen directly overlying the Sund Bed in the quarry but the conglomerate is 

more clearly seen above the sill in sections above the main road to the north of this location. The 

Sund Bed and the overlying volcaniclastic conglomerate are interpreted to have been deposited from 

hyperconcentrated and debris flow regimes, respectively (Passey, S.R, 2008. IGC Excursion No.6, 

Field Guide). The samples collected at this locality proved to be barren of palynomorphs. 

 Suðuroy 

The Island of Suðuroy is comprised of the Beinisvørð Formation lavas through to the basal parts of 

the Malinstindur Formation (Figure 21).The Beinisvørð Formation was strategically sampled from the 

lower most intra-lava sediments at Sumba through to the upper most part of the formation at Holið í 

Helli. Furthermore samples from the basal parts of the Malinstindur Formation were sampled on 

Suðuroy (Figure of Suðuroy_Uni). 

The total number of 150 samples taken from Suðuroy are, of these 37 were processed (Table 1). 

A series of intra-lava sedimentary sections were sampled (Samples MPA 68319 to MPA 68375 in 

Table 1). These comprise coal seams (MPA 68319, Ádalsmøl), clay-, sand- and siltstones from the 

Hvannfelli profile (MPA 68327, MPA 683335 and MPA 68340), black mudstones and grey 

claystones from Áin Mikla (MPA 68365, MPA 68366) and brown mudstone from Hov (MPA 68375). 



CR/18/031031  Last modified: 2018/04/24 09:26 

 38 

In addition to these samples the Beinisvørð Formation was sampled in the Vestmanna-1 Well. 

 

Figure 24 Geological map of Suðuroy, showing all the sample localities from the FSC field work. 

4.4.2.1 HOLIÐ Í HELLI, SUÐUROY (ONSHORE FAROE ISLANDS) 

The Holið í Helli section comprises a completely exposed sequence through the sediment dominated 

Prestfjall and Hvannhagi Formations (Figure 25). They are intercalated  between the heavily weathered 

uppermost simple lava flow of the Beinisvørð Formation below and the lowermost compound lava 

flow of the Malinstindur Formation above. Neither the Prestfjall nor Hvannhagi formations are typical 

at this location. 
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Figure 25 Detailed logs from the Holið í Helli section on Suðuroy. 

 

The section is ca 12 m thick. The uppermost clay dominated 7.5 m have been intensively sampled, 

whereas only a few specimens have been sampled from the lowermost ca 5 m of coarser sediments. 

Here only a short description is presented. For a more detailed description refer to, for example, 

Passey (2014).  

The lowermost unit is a ca 3 m thick dark yellowish brown coarse chaotic sediment, that is matrix 

supported with up to gravel sized clasts, that could possibly represent a debris flow. The overlying 

unit is ca 2 m thick yellowish brown clay ironstone with siderite spherules. Towards the top of this 

unit are abundant up to 15 cm wide ironstone nodules. On top of this is ca 30 cm of claystone followed 

by a 55 cm thick coal band that in turn is overlain by ca 50 cm of dark claystone with mm-sized 

fragments of coal. Ca 3.5 m of grey and dark organic rich mudstone with occasional Manganese 

staining are deposited on top the coal bearing mudstone. This is followed by two 30 and 5 cm thick 

bands of coarser pyroclastic material separated by a 80 cm thick lahar deposit with abundant silicified 

fossil tree fragments. The uppermost unit is a ca 1 m thick dark mudstone. 
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Figure 26 Transition from the Hvannhagi Fm volcaniclastic/pyroclastic rocks to the Malinstindur Fm lavas. Sample 

sites for the U/Pb ages also indicated on the figure. 

 

Twenty-one samples from a measured section at Holið í Helli, east central Suðuroy (Figure 25), were 

studied for palynology (Appendix 1). The yields of palynomorphs are relatively poor in the uppermost 

samples, but are significantly more productive at the base of the succession (Figure 25). The productive 

palynofloras entirely comprise pollen and spores typical of the Brito-Arctic Igneous Province Flora 

of Boulter and Manum (1989); no marine indices such as dinoflagellate cysts were recovered. 
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Figure 27 Palynology of Holið í Helli. 


































































































