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SECTION I: INTRODUCTION
In 2004, Chevron with partners Statoil, OMV and Dong made an oil and gas discovery at
what they interpreted to be the leading edge of the Palaeogene volcanic sequence in the
Faroe-Shetland Basin, NE Atlantic Ocean (Helland-Hansen 2009). The reservoir sandstones
are contained in three sedimentary sequences separated by basalt lava flows, hyaloclastites
and volcaniclastic sediment. This ―Rosebank‖ discovery in Well 213/27-1Z in the UK Area of
the basin has opened up new potential plays within the Late Paleocene – Early Eocene lava
field, in areas where previously only sub-volcanic plays have been considered.
.

Some of the currently known play types existing within the FSB. This report
deals primarily with the „Rosebank‟ type play, developed in the T40-T45
sequence interval (DECC)
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SECTION 2: METHODOLOGY
This project is designed to characterise lava-sediment interactions and lava field drainage
systems into shallow marine environments in the offshore Faroe-Shetland Basin. It is
anticipated that this will provide insights into the distribution of sedimentary systems in the
lava field area, knowledge which could anticipate drilling problems, and provide detail of the
architecture and distribution of intra-lava reservoir potential. The project aims to provide
models of sedimentary facies and drainage systems within the NAIP lava fields of the Faroe
Shetland Basin. These will be applicable to future interpretation of sedimentary system
geometry offshore Faroe Islands within the sequence T40-T50 interval, allowing better
understanding of the seal or reservoir potential of these deposits.
The sequence T40 to T50 interval sees a fundamental change in the distribution of the
regional phytogeography brought about by climatic warming and high latitude land bridges
resulting from NAIP volcanism. Because of this, it is not practical to project the
phytogeographic distribution models used for to track sediment distribution pathways in the
sequence T10-T38 interval (Jolley et al., 2005, Jolley & Morton, 2007) into the sequence
T40-T50 interval where volcanic processes dominate. Instead, our methodology combines
analysis of wireline logs, lithofacies and biofacies from the T40-T50 interval in exploration
wells from the Faroe-Shetland Basin with 3D seismic geomorphology, seismic attributes, and
facies analysis in order to reconstruct a detailed palaeogeographic evolution constrained by
all available data.
Well based analysis
The Sequence T40-T50 intervals in a selection of wells which penetrate lavas, or flank the
lava field have been examined for their palynology. These analyses have been combined with
wireline log and lithological data to produce a stratigraphical subdivision.

Seismic interpretation, Data Limitations and Confidence
To generate the paleogeography for the extension of the environmental system
interpretation of the seismic facies, backed up by our knowledge of the scale of the
geomorphological features associated with lava-sediment inter-relationships in onshore
examples we have made significant progress towards extending the well based facies
interpretation to provide a better understanding of the geometry of sedimentary
depositional systems.
Copyright University of Aberdeen 2011
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Although significant progress interpretation, we have used three seismic volumes available to
us. Using detailed
has been made in understanding drainage system development the constraint and confidence
of the interpretation away from wells, particularly around the Corona ridge area has
remained challenging. Several aspects should be noted by the reader.
The 3D seismic volumes used in the project have not undergone re-processing to
improve intra-basalt and sub-basalt imaging, and quality of the seismic data varies
greatly over the area. Despite this, it has been possible to identify intra-basaltic
drainage networks. However a detailed understanding of possible sub-basalt
structural control on deposition of intra-basaltic sequences has remained elusive,
although its control is suspected (see section 7)
Well data are limited to the following in the corona ridge area (213/27-1, 213/23-1,
205/9-1, 6004/12-1 (Svinoy), 6005/15-1 (Longan). Within the NE of the basin, good
well data has been available including 214/9-1, 214/4-1 (Tobermory) and Erlend
wells. As a consequence, the Corona Ridge area has a large degree of uncertainty of
its interpretation (Fig. 1)
Due to lack of well control, some variations within the thickness of the Colsay
Member sequences dealt with later in this report may be due to variations in
velocity of the sequence across the basin. However, due the broad trends which are
identified, we argue that the interpretation is correct.
Problems with ‗shadowing‘ of deeper sequences by overlying lavas sequences were
found to be a issue (Fig. 2), this results in the apparent occurrence of flow fields in
deeper sequences, resulting from amplitude dimming caused by the overlying flows.
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Figure 1 – Figure showing relative confidence in interpretations over Corona Ridge area,
and available well-data for project. Key constraints on this project where the lack of available
well data and the poor nature of the seismic data.
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Figure 2 – Figure showing shadowing of amplitudes of base-Colsay 3 surface caused
by overlying Enni Fm. equivalent flowfield.
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SECTION 3: STRATIGRAPHY AND PALEOENVIRONMENTS
REGIONAL STRATIGRAPHY
Lava Field Lithostratigraphical Nomenclature
As a part of the North Atlantic Igneous Province, the Faroe Islands Basalt Group has a gross
stratigraphic thickness of ~6.6 km dominated by subaerial basalt lava flows and is subdivided
into seven formations (Passey & Jolley, 2009). The Lopra Formation drilled by the basal ~1.1
km of the Lopra-1/1A borehole, is dominantly composed of hyaloclastites, volcaniclastic
sandstones and invasive basaltic lavas/sills (Fig. 3). It is overlain by the ~3.25 km thick
Beinisvørð Formation, dominated by laterally extensive basalt sheet lobes separated by
minor volcaniclastic lithologies. The Beinisvørð Formation is overlain by the <15 m thick,
inter-eruption, coal-bearing facies of the Prestfjall Formation and the <50 m thick, syneruption, pyroclastic and sedimentary facies of the Hvannhagi Formation. Lava flow volcanic
activity resumed with the eruption of the <1.4 km thick Malinstindur Formation, which is
dominated by thinly bedded compound basalt lava flows. The top of this formation is marked
by a regional disconformity surface overlain by sandstone and conglomerate deposits of the
Sneis Formation. The final phase of volcanism recorded on the Faroe Islands consists of the
>900 m thick Enni Formation composed of basalt sheet lobes and compound flows with
frequent volcaniclastic units. The complex, interfingering nature of the Enni Formation is
exacerbated by the contrasting petrological, and ultimately geochemical, basalt types from
the olivine-rich, relatively low-TiO2 MORB-like, flows to the plagioclase-phyric, high-TiO2
flows.
In discussing the volcanic stratigraphy of the current study area, the stratigraphical
terminology of Passey & Jolley (2009) is used with the addition of the suffix ‗equivalent‘. This
status denotes that the unit is time equivalent to the particular formation in the FIBG, as
defined by bio and sequence stratigraphy. It does not imply connectivity of flow fields, or of
identical geochemical signatures.

FIBG – NAIP eruptive cycles
Fundamental to our understanding of the distribution of lava sequences and the intervening
sedimentary units is the stratigraphy of the NAIP lava field. Recently, a significant step
forward has been made in this area. Palynological data from the sedimentary interbeds of the
FIBG lava field have allowed us to decipher vegetation composition and plant community
structure, as a basis for understanding the eruptive processes involved in the formation of
this lava pile. Jolley et al (in review) used XRF basalt geochemical data (Hald and Waagstein,
Copyright University of Aberdeen 2011
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1984; Larsen et al., 1999; Rasmussen and Noe-Nygaard, 1969; Waagstein, 1977, 1988, 1997,
2006; Waagstein and Hald, 1984) from the lava pile to reconstruct variation in melt
chemistry throughout its active eruptive history. This variation was compared to changes in
ecological state of the lava field plant communities. From this, these authors have proposed a
cyclical eruptive model which is readily transferable across the NAIP lava field.
Sedimentary interbeds occur frequently through the FIBG lava pile, varying in lithofacies,
architecture and thickness. The composition and distribution of pollen assemblages
recovered from these interbeds reflects the ecology of the depositional environment (Jolley,
1997), which provides information on the style and tempo of lava field eruption. In
particular, analysis of these palynological profiles provides evidence of the state of plant
community succession, a response to site disturbance, substrate saturation and
macronutrient availability(Jolley et al., 2009; Jolley et al., 2008).
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Figure 3- Stratigraphy of the FIBG after Passey & Jolley, 2009.
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Throughout the lava pile, early, mid and late seral succession communities demonstrate
trends in plant ecosystem dynamics which show a clear relationship to FIBG stratigraphy.
Cyclic trends from lack of vegetation, or early succession communities in the older interbeds
pass to mid and later succession communities in the youngest part of each cycle. These
trends correspond to the eruptive geometries of the lava sequences, no vegetation, or early
succession communities occurring within rapidly erupted, inflated compound flow sequences
(Passey and Bell, 2007; Passey and Jolley, 2009), mid to late succession communities
occurring within intervals of lower volume flows interbedded with prominent or repeated
sedimentary interbeds (Fig. 4).
Jolley et al. (in review) also summarised reliable trace element data, demonstrating that
ratios of incompatible elements are remarkably consistent. Zr/Y (4.87 1.6) and Nb/Zr
(0.075 0.02) vary little for a total range in Zr abundances from 75-300 ppm and MgO from
9.0-4.6 weight %. These data concur with Larsen et al. (1999) that there seems to be little
evidence for significant variations in extent of melting, or composition of the mantle sourceregion, from which these lava flows were derived. As a result of this variations in TiO2 and
MgO with stratigraphical height, were considered to reflect varying degrees of magmatic
differentiation with time, MgO concentrations being sensitive to early olivine fractionation,
and TiO2 behaving as an incompatible trace element which therefore increases with
increasing degrees of magmatic differentiation.
A comparison of vegetation seral succession trends with the TiO2 and MgO plots of the
basalt succession shows clear inverse correlations (Fig. 4). Stepwise changes in seral
succession are demonstrably related to pulses of mafic magma influx, increasingly later
successional floras being correlated to down temperature magma differentiation. These data
were interpreted as indicating initial rapid eruption of the most mafic lavas, followed by a fall
in eruption tempo allowing the spread of increasingly integrated sedimentary drainage
systems and their associated biota. This late cycle drop in eruption tempo is highlighted by
the record of marine incursions into the lava field, these incursions providing evidence of
rising relative sea level consequent on declining thermal support from the cooling melt
(Figure 2). These marine incursions are restricted to flooding rhea – like valleys within the
irregular topography of the FIBG lava field. However, they are traceable over the FaroeShetland Basin with high temperature, maximum thermal support intervals correlative with
lowstand intervals and the later stages of each eruptive cycle to high relative sea levels.
Because we now understand the mechanism behind the eruption of the lava field, and we are
able to correlate the eruptive cycles around the basin on the basis of their associated
Copyright University of Aberdeen 2011
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palynofloras, there is now an accurate framework for deciphering the stratigraphy of drilled
parts of the lava field. Accordingly, her we use the eruptive cycles (cycles I-IV, Fig. 4) to
subdivide and clarify the lava field stratigraphy.

Figure 4- Stratigraphical distribution of seral succession groups and the succession status
factor in the FIBG (Jolley et al., in review). A clear inverse correlation is seen with the TiO 2
– MgO plot, different mafic influx phases being labelled with Roman numerals. Note the
eruption of cumulates in cycle V corresponds to resumption of eruption after the ~20 ky
hiatus of the Prestfjall Formation. Cyclicity within the Enni Formation is complicated by the
coeval eruption of mafic lavas (cycles V and VI) from different eruptive systems, and the
absence of the last stage of cycle VI. Within the Beinisvørð Formation, the identification of
floras associated with the carbon isotope excursion (CIE) interval (Cohen et al., 2007) of the
PETM from a depth of 750 m within the Lopra-1/1A borehole (labelled ‗d‘), to the highest
interbeds of the Beinisvørð Formation restricts this interval to an eruption period of ~185
ky (Cohen et al., 2007). These stratigraphical relationships suggest that these three melt
cycles (II, III and IV have a maximum duration of 28.3 ky. This rapid duration rate is
supported by Larsen & Tegner (2006) who, based on pressure and cooling histories of the
Skaergaard intrusion, have suggested that equivalent lava flows in East Greenland to cycles V
and VI were emplaced in 30ky (after Jolley et al., in review).
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SECTION 4: WELL DATA RESULTS
Figure 5- Stratigraphical framework showing position of eruption cycles.
This section provides a
stratigraphical analysis of all
the well sections included
in

the

study

to

date,

excepting ones in which
analysis is still underway.
The discussion focuses on
the T40-T45 interval (Fig.
5), and gives an outline
description

of

the

depositional environments.
In

this

report,

the

maximum flooding surface
nomenclature

of

Ebdon

(1995) is used to divide the
succession

into

genetic

sequences.

The

stratigraphical

detail

discussed

downhole

in

is

order, recognising the risk
of

first

upsection

appearance
events

being

affected by cavings.

The

following abbreviations are
used in this report, F= frequent occurrence, C= common occurrence, A = abundant
occurrence, SA = super abundant occurrence. The data is subdivided into microplankton
(dinocysts and other algae) and pollen and spores. This is undertaken to separate the
evidence provided by both groups. Microplankton distribution represents a combination of
water mass chemistry and surface processes; with the taphanomic distribution of the taxa by
marine currents and shelf to basin sediment transfer processes. The pollen and spore floras
are either deposited in fluvial environments, which broadly reflect floodplain vegetation, or
in marine environments where taphonomic processes are of considerable importance. In
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general, pollen and spores behave as silt sized particles in sedimentary systems, and will be
transported as part of the sediment load within the basin. In addition, because changes in
relative sea level affect plant communities growing in the coastal belt, the pollen and spores
of these plants show trends, which indicate sea level change. In addition, the terrestrial floras
will show the longer-term impacts of climatic change over the Late Palaeocene to Early
Eocene interval.
6005/15-1 Longan
Well 6005/15-1 was drilled in the south of the Corona Basin in 2001 (Fig. 6) through a
Paleocene hydrocarbon prospect. It penetrated two distinct basaltic lava flow units at a
depth of 2144m – 2177m, at the upper limit of sandstones and shales of the Flett Formation
Unit F2b. The age of the sedimentary rocks above the lava flows in 6005/15-1 is confirmed
by the influx of Cerodinium wardenense at 2060m, this dinocyst event being recorded in
uppermost Flett Formation Unit F3 sediments across the Faroe-Shetland region. Down
section from this influx, a flora composed of frequent specimens of the dinocysts
Apectodinium

quinquelatum

and

Eocladopyxis peniculata, and common
specimens

of

Dinopterygium

cf.

fehmarnense was recorded. Palynofloras
of closely similar character have been
recorded at the base of in the upper
part of Flett Formation Unit F3. These
are locally well developed across the
area within the middle to upper section
of the coeval Hildasay Formation.
Below the basalt lava flows units,
continuing down-section to the base of
Sequence

T45,

only

freshwater

microplankton and algae occur.
Occurring in the sedimentary interbeds
between the two lava flow packages in
6005/15-1 are common specimens of
Caryapollenites inelegans. This influx has
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been recorded regionally, derived from sediments attributed to uppermost Flett Formation
Unit F2b.

Beneath 2242m frequent – common specimens of Alnipolenites verus and

Pistilipollenites mcgregori mark a change to palynofloras of Sequence T40. These non-marine
floras dominate down-section to 2320m, where a dramatic increase in the frequency of
Pityosporites spp. occurs. In this depositional setting, Pityosporites is a ‗facies component‘
(Boulter and Hubbard, 1982), and is indicative of a marine, or strong fluvial, influence. In
these samples this flood of conifer pollen is matched by an influx of freshwater algae and
acritarchs characteristic of estuarine or shallow marine arenaceous facies. An intra Sequence
T40 compositional change in the palynofloras at 2427m is marked by a resurgence in the
frequency of Alnipollenites verus corresponding to the upper limit of Flett Fm Unit F1a. This
event is widespread across the NE Atlantic margin and has been reported by Schroder
(1992), from the Forties Field in the North Sea Basin, where this event is associated with
strata beneath the last downhole occurrence of Apectodinium augustum, marking pre-PETM
assemblages (Crouch et al., 2001).
Occurring immediately beneath this assemblage, palynofloras derived from Lamba Formation
sediments attributable to Sequence T38 include the occurrence of Alisocysta margarita
(2449m). Other taxa recovered including common Spiniferites species and Cometodinium
comatum, both typical of upper Lamba Formation assemblages.
6004/12-1 Svinoy

This well is important in that it is the second Corona Basin well to penetrate a thin basaltic
sequence in the Flett Formation interval (Fig. 7). Analysis of the palynofloras from the
Balder and Flett formations show comparable results to those derived from 6005/15-1.
Pollen and spores recorded in 6004/12-1 include many species that characterise the
extensive flooplains and coal swamps developed during the upper part of Flett Formation
Unit 1b and Flett Formation Unit 2 (Sequences T40-T45). These include an influx of
Caryapollenites inelegans within Sequence T45 (2372m), comparable to that recovered from
between the lava flows in well 6005/15-1. This species is particularly associated with intra–
lava floodplain floras in the Flett Formation Unit 2 interval, and is also recorded in the
Malinstindur Formation of the FIBG, occurring in the upper part of eruption Cycle V (Jolley
et al., in review). The lava flow package in the Svinoy well occurs within Sequence T40, and is
of an age equivalent to those in the FIBG Beinisvørð Formation. Its position relative to the
palynofloral record, in particular the distribution of Caryapollenites veripites indicates that this
lava was erupted during eruptive Cycle II.
Copyright University of Aberdeen 2011
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213/27-1Z Rosebank
Throughout

the

earliest

Eocene to Late Paleocene
sediments

studied,

the

palynofloras

recovered

did

contain

some

insitu

taxa,

allowing us to age date the
sequences (Fig. 8). From
2400m

to

2460m

microplankton

both
and

pollen/spore floras indicate
Sequence T50. These Balder
Formation sediments were
deposited

on

a

shallow

marine shelf, as part of a
sequence onlapping onto the
crest of the Corona Ridge.
From 2480m to 2540m the
palynofloras are attributable
to Sequence T45. These Flett
Figure 7- Stratigraphical summary of the Balder and Flett
formations interval within the Svinoy 6004/12-1 well.

Formation sediments were
deposited

on

a

littoral

floodplain. Extensive cavings

of overlying Early – Middle Eocene dinoflagellate dominated palynofloras makes
determination of the environment of deposition difficult. The upper limit of the volcaniclastic
sequence which forms the top of the Malinstindur Fm equivalent is immediately below
influxes of Caryapollenites inelegans. This event is a regional feature and is seen between the
flow units in well 6005/15-1. This confirms the stratigraphical equivalence of the lower part
of the Hildasay Member with the Enni Formation equivalent lavas of Cycle VI. Below 2760m
(log), pollen and spore floras characteristic of Sequence T40 are encountered. These are
characteristic of a complex of diverse floodplain depositional environments including riparian
margins, floodplain mires and freshwater lakes. Stratigraphically restricted influxes of the
Apectodinium plexus, Subtilisphaera spp. and Areoligera cf. coronata mark marine influxes into
the Beinisvørð Fm equivalent lava field. These are possibly attributable to marine incursions
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associated with the declining thermal support at the end of eruption within cycles III and IV.
Lava flow packages within this Beinisvørð Fm equivalent interval can be attributed to the
early, more mafic high temperature interval of each of these cycles. Cycle I and probably
cycle 2 are apparently not represented by a lava succession. The FIBG lava field succession is
underlain by a thin representation of Sequence T38 characterised by Areoligera cf senonensis
and Alisocysta margarita. Underlying this from 2960m to 3000m, the dinoflagellate cyst and
spore assemblages are diagnostic of the Coniacian – Santonian.

Copyright University of Aberdeen 2011

Page 19

Jolley, Schofield, Huuse, Llewellyn

C46-37-01

Figure 8- Summary stratigraphical data of released well 213/27-1.
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Erlend Wells
Wells on the top of the Erlend Volcanic Centre, 209/9-1, 209/4-1 and 209/3-1 have
previously been reported in detail by Jolley & Bell (2002) (Fig. 9). It is not necessary to
repeat the stratigraphical analysis of these wells at this stage. However, it is practical add to
the eruption cycle interpretation of these volcanic strata. Important in this is the position of
the PETM within the Beinisvørð Fm equivalent lava fields.
Figure 7. Summary diagram showing cycle development on the Erlend Volcanic Centre
(after Jolley & Bell, 2002).
Determination of the main periods of marine influence at the PETM has been of importance
in understanding the distribution of contrasting flood basalt and hyaloclastite facies in the
Erlend Centre. The inferences of this work are further discussed in the section on Erlend
below.
Wells 208/15-1 and 209/6-1
Analysis of wells 208/15-1a and 209/6-1a to the SW of Erlend is completed and is discussed
within the section on the Beauly Member equivalent carbonaceous deltaic systems

Figure 9- Summary diagram showing cycle development on the Erlend Volcanic Centre
(after Jolley and Bell, 2002).
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Regional Well and Seismic Correlation
A regional well interpretation linking key wells across the FSB (Fig. 10, 11, 12,13), shows
the extensive occurrence of the T40 ages lava field across the region and localized nature of
the Malinstindur and Enni equivalent (sequence T45) lava flows to the central and south-west
areas of the Faroe-Shetland basin.

Figure 10 – Map of regional well correlation
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Figure 11 – Well correlation panel of Judd basin, Flett Basin and Corona Ridge

Jolley, Schofield, Huuse, Llewellyn
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Figure 12 – Well correlation panel of Corona Ridge and NE Faroe-Shetland Basin
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Figure 13 – Well correlation panel of Corona Ridge and NE Faroe-Shetland Basin
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SECTION 5: SEQUENCE T40 NE FAROE-SHETLAND BASIN TOBERMORY
Introduction – Tobermory
Well 214/4-1 (Tobermory) encountered a succession of lavas and thick hyaloclastites (Fig.
14). Three distinct sub-aerial lava packages can be resolved as individual reflectors, with the
hyaloclastite sequence easily identifiable as a chaotic seismic facies. However, it shows no
obvious evidence for the ‗classic‘ hyaloclastite delta geometry (Skilling, 2002).

Tobermory Sequence T40 Biostraigraphical and Framework Summary
Sequence T40 encompasses a wide range of units, these are divided up here using the
lithostratigraphical framework used in the Rosebank area, and the eruption cyclicity
identified in the Faroe Islands Basalt Group (FIBG) lava field, (Jolley, Passey & Hole
submitted). They are discussed below in stratigraphical order, oldest to youngest.

Colsay 4 (FIBG Cycle I) – This unit was erupted as a succession of hyaloclastites drilled in
214/4-1. These sediments contain minor influxes of shallow marine microplankton (Fig. 15).
indicating that the circa 1000‘ of volcaniclastic rocks did not prograde as a single event into
water of that depth, but accumulated in several cycles of eruption and subsidence in shallow
water. The equivalent interval in 214/9-1 comprises sedimentary rocks which contain the
same minor incursion events seen in 214/4-1. These are marked by freshwater and low
salinity incursions separated by what are possibly fluvial sequences.
Towards the top of Colsay 4 interval in 214/4-1, the hyaloclastites grade up into an
emergent flow field and are capped by claystones which preserve fossils deposited in a low
salinity marine embayment. This gradation is less apparent in the 214/9-1 well, but
geochemical data from consultant‘s reports indicates that macronutrient availability was
higher towards the top of the Colsay 4 interval. This suggests that the wellsite is increasingly
proximal to volcanic activity, possibly as a result of the spread of the late Colsay 4 terrestrial
flowfield.
The low salinity embayment recorded at the top of Colsay 4 in both the study wells is a
reflection of declining thermal support at the end of FIBG eruption Cycle I. This is marked by a
flooding of low lying areas across the lava field.
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Figure 14 - Figure showing the position of the different picked horizons defining lava
packages shown in relation to well 214/4-1. Turquoise: base of lava1, green: base of lava 2,
Blue: base of lava 3, Light blue: base of lava 4. ‗Upper Palaeocene‘ pick, yellow, top
hyaloclastite: red, volcaniclastics: purple.
Lower Basalts (FIBG eruption Cycle II lower part) – This unit is marked by flood basalt
eruption in both study wells. These are part of the same eruptive pulse, but are not necessarily

connected physically. As with the underlying FIBG Cycle I eruption, the source is local, being
most probably related to feeders along the faults blocks present at depth (Fig. 14). It can be
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definitely stated that they are not erupted from the area of the Faroe Islands which saw thick
hyaloclastite accumulations at this time
Colsay 3 (FIBG eruption Cycle II, upper part)- This occurs as a sequence of sandstones

and shales deposited in a low salinity marine embayment. The palynoflora which includes the
stress tolerant form Apectodinium, is closely similar to that seen in marine embayment facies
in the Rosebank prospect area during Colsay 3 deposition. A similar palynoflora is seen
above the Lower Basalts in 214/9-1, however, it is thought most likely that this corresponds
to a Colsay 2 repetition of this event higher up the section.
Colsay 2 (FIBG eruption Cycle III) – The base of Colsay 2 in the 214/4-1 well is marked by
a massive volcaniclastic sandstone which does not occur in 214/9-1. The lowermost of the two
flowsets present is correlative with the Colsay 2 volcaniclastic sandstone. The upper part of
Colsay 2 is made up of shales and sandstones deposited in a shallow marine embayment in both
wells. This marks the flooding event consequent on the thermally related subsidence at the end
of FIBG eruption Cycle III. However, the embayment in the lava field around the wellsite
continues to act as a depocentre into Colsay 1 time.
Colsay 1 (FIBG eruption Cycle IV) – This unit is probably only present in well 214/4-1,
although resolution is restricted by the limited nature of the contractor‘s data. It appears as a
sandstone fining up into a sequence of interbedded sandstone and shales. Unfortunately, the
available biostratigraphy data is poor in this interval, making further interpretation impractical.
However, it is of interest to note that the 214/4-1 wellsite consistently subsided through the
deposition/eruption of all of the Sequence T40 units. The repetition of marine incursions from
Colsay 4 through to Colsay 2 is evidence that the area underwent repeated subsidence, creating
repeated pulses of accommodation space. This is not seen in 214/9-1, which appears to have
acquired little new accommodation space after the eruption of the FIBG Cycle II lavas.
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Figure 15 - Figure showing lava package (lava package two) penetrated by well 214/91 Figure modified from the comp log of the well.

Figure 16 – Figure showing lava package (lava package three) and hyalocltite sequence
penetrated by well 214/4-1 (Tobermory).
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Geophysical Interpretation
The interpretation of the Tobermory lava packages have been carried out on a tight
seismic grid. This allowed for the lavas to be tracked accurately. Well control from 214/4-1
and 214/9-1 guided the interpretation. Hyaloclastites occupy the sequence below the lavas
in well 214/4-1. Three lava packages were identified and are described below. Lava one sits
above the Upper Paleocene pick in well 214/4-, lava two and three sit below this marker.
Hylaclastite (Colsay 4 equivalent, FIBG Cycle 1)
Hyaloclastites represent the lowermost sequence penetrated in well 214/4-1, they form a
chaotic siemic facies, with little to no sign or prograding delta sets. The chaotic nature of the
hyaloclastite may be explained as sediments recovered from the section contain minor
influxes of shallow marine microplankton, indicating that the circa 300m of volcaniclastic
rocks did not prograde as a single event into water of that depth, but accumulated in several
cycles of eruption and subsidence in shallow water.
Lava package three (Colsay 4 equivalent, FIBG Cycle 1)
Lava package three is the only lava package which covers the Tobermory structural high
penetrated by well 214/4-1 (Fig. 17), suggesting that at time of eruption, the current
Tobermory high had not been uplifted. It could be argued that the lack of subsequent lava
packages (described below) in the well may suggest that uplift of the Tobermory high
occurred, at least to some degree, between the eruption of lava package three and lava

Figure 17 – TWT of lava package three
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package two. However, the lack of onlapping relationships of subsequent units onto the high
does not corroborate this.

Figure 18 – Figure showing TWT map of lava package two.

Figure 19 – Figure showing TWT map of lava package one.
Lava package two (Colsay 3 equivalent, FIBG Cycle II lower part) Lava package
two forms the most aerially extensive of the three picked lava packages in the area and is
penetrated by well 214/9-1 (Fig. 18). The time gap between the extrusion of this flowfield
and that of lava package three is short, the gap not being discernable with the available
biostratigraphy.
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Lava package one The top lava package represents the youngest identified lava flow (Fig.
19), within late sequence T40. The exact extent of this package cannot be confirmed due to
lack of 3D data coverage.
Shallow Level Intrusion
South east of well 214/4-1, a shallow level intrusion can be identified forming a high
amplitude, slightly domed reflector, which also possesses a unusual variations in amplitude
laterally (Fig. 20). The exact timing of the intrusion is not known; however, onlap and
thinning sequences onto the structure would suggest that it intruded alongside or shortly
after the eruption of lava package two (Colsay 3 equivalent, FIBG Cycle II).
When examined using volume visualization techniques, the amplitude variations can be seen
to be denoting what appears to be large scale pressure ridges, similar to formation of
pahoehoe texture on lava flows. Trude (2006) suggested that such features could be formed
intrusion of magma into poorly consolidated rock deforming in a ductile manner.
Summary of Key finding;
Deposition of sediments and lavas within the NE Faroe-Shetland basin (214/4-1,
214/9-1) seems to be largely controlled by fault block geometry. The lows on the
hanging wall of these blocks also appear to have controlled the localised deposition of
hyaloclastite around well 214/4-1.
The lava sequences form part of the drainage system in the Tobermory area,
producing the volcaniclastic sand in 214/4-1 (Fig. 21). It is important to note that
there appears to be little siliciclastic input, implying the drainage catchment was solely
sourced from the lava field.
Siliciclastic input preceding the lava field may be derived from the adjacent Corona
Ridge and sourced along fault blocks.
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Figure 20 - Figure showing seismic line intersecting lava package two and shallow level
intrusion, note the slightly thinning and onlap of sequences over the intrusion.

Figure 21 – Figure showing volcaniclastic unit intersected in Well 214/4-1.
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SECTION 6: SEQUENCE T40 NE FAROE-SHETLAND BASIN ERLEND
Introduction - Erlend
The Erlend volcanic complex was first identified from offshore gravity and magnetic data
surveyed by IGS in 1977, this data inferred the existence of a Cenozoic igneous complex at

Erlend Volcano

West Erlend volcano

.

Figure 22 – Showing magnetic anomaly
associated with Erlend volcanic complex
Erlend Volcano

61°50‘N, 00°30‘W (Charmers & Western, 1979;
Gatliff et al., 1984). Named the Erlend complex,
it is situated in the northern parts of quadrants
208 and 209. Both the magnetic and gravity
signature for the Erlend complex are highly

West Erlend Volcano

distinctive (Fig. 22, 23). In addition, Gatliff et al
(1984) identified the similar, but deeply eroded

Figure 23 – Figure showing gravity
annomaly associated with the Erlend
volcanic complex

West Erlend volcanic centre. These authors
calculated that the diameter of the West Erlend
pluton is between five and seven kilometres and

the diameter of the Erlend pluton is approx fourteen kilometres. The work undertaken by
Gatliff et al. (1984) has provided the basis for subsequent mapping and modelling of the
extent of the basalt flowfield extruded from the Erlend volcanic complex. In this study,
interpretation of seismic data over the Erlend volcanic complex is tied to six wells to
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integrate lithological and facies character. It is also used to examine the spatial relationships
between difference seismic units which compose the basaltic sequence. Finally, maps of
selected units have been produced, especially those dominated by particular igneous or
sedimentary facies.
Data and Well availability
The seismic data utilised in this Erlend study comprises 48 2D lines provided by Statoil UK.
Coverage is good and the data quality is generally good on the shorter lines, but the longer
regional lines are of poorer quality (Fig. 24).

Figure 24 - The seismic 2d coverage and the position of the 6 wells over the Erlend
volcanic complex, courtesy of Statoil.
Six wells were utilised to tie into the seismic data over the Erlend volcanic complex. These
were wells 208/151A, 209/3-1, 209/4-1A, 209/6-1, 209/9-1 and 209/12. Three of these wells
(209/4-1A, 209/3-1 and 209/9-1), penetrate the basalt lavas sourced from the Erlend volcanic
complex. The other three wells contain no volcanic rocks.
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Seismic Well Ties – Erlend complex
Seismic interpretation over the Erlend
complex defined five main units (Fig. 25)
within the lava sequence. These are closely
comparable to the stratigraphy of the Erlend
basaltic suite established from lithological
and palynofloral characterisation by Jolley
and Bell (2002) (Table 1). Total thickness
maps of the Erlend Basaltic suite show that
the lava sequences generally thicken away
concentrically from the volcanic edifice of
East and West Erlend, before thinning at
their distal limits. This strongly suggests that
the Erlend centres acted as feeders to the
Erlend basaltic suite (Fig. 26). Apparent
Table 1 - showing the stratigraphy of the
Erlend Volcanic complex produced from
the work of Jolley and Bell 2002

truncation of Units A-C and the lower
sedimentary unit against Unit D near to the
central vent of the East Erlend edifice

suggest that a period of uplift and erosion occurred on the Erlend platform at the sequence
T40/T45 boundary prior to the eruption of Unit D (sequence T45) (Fig. 27).
Erlend well facies analysis and distribution
Unit A - (FIBG eruption Cycle II lower part equivalent)
This unit has a volcanostraigraphic signature of a linear, mostly continuous reflection of
medium to high amplitude and medium frequency. Jolley and Bell (2002), suggest that this
unit was rapidly effused subaerial flow. It is possible in some of the seismic data to see small
scale flow features that would support this interpretation. This unit has the most restricted
distribution (Fig. 28) with the majority of this flow being extruded to the south west of the
main Erlend complex vent.
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Figure 25 – Figure showing mapped units corresponding to the stratigraphy
Basalt proposed by Jolley and Bell (2002).

Figure 26 - Isochron map showing total basalt thickness over the
Erlend volcanic complex. The basalts thicken away from the vent,
before thinning towards the distal flow margins.
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Figure 27 – Zoomed in figure of East Erlend volcanic edifice showing seismic stratigraphic
interpretation based on stratigraphy of Jolley and Bell (2002). Note the truncation of Units A-C
and sedimentary unit against Unit D (dashed box), suggesting a period of erosion occurred prior
to deposition of unit D.

Unit B - (Colsay 3 equivalent, FIBG eruption Cycle II upper)
The Seismic section shows that Unit B has a medium/low frequency, medium amplitude,
discontinuous almost chaotic reflection. From previous research (Jolley and Bell, 2002) it is
known that this unit comprises thick subaerial lava flows. The distribution of Unit B is
focussed around the Erlend volcanic edifice (Fig. 29). However, the thickest accumulations
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are asymmetric, the main thickness filling accommodation space to the SW of the main vent
structure. This flowfield had a great lateral extent in comparison to the underlying flow unit,
Unit A.
Unit C / Hyaloclastites - (Colsay 2 equivalent, FIBG Cycle III)
Hyaloclastite units are readily identified within the current dataset from their prograding
foresets (Fig. 30). These are prominent in areas of Unit C which has low frequency,
medium to high amplitude, non linear discontinuous reflections. Over the course of the
study, three areas of hyaloclastites have been recognised. The first can be seen to be
prograding out in a westerly-north westerly direction from the main Erlend vent. A second
area has been identified again prograding in a north westerly direction from West Erlend and
finally the third area, has foresets prograding in a south westerly direction. The
contemporary nature of these hyaloclastite deltas is supported by the biostratigraphical data
which confirms a mid Sequence T40 regional flooding event seen around the Faroe-Shetland
Basin.
Sedimentary Unit – (Colsay 2 equivalent, FIBG Cycle III, upper part)
This unit (Fig. 31) has been described as a mixed unit of volcaniclastic sediments and
tuffaceous deposits (Jolley & Bell, 2002). The seismic response is low frequency and medium
amplitude, with linear and continuous reflectors. There are some very bright amplitudes
which may be explained as contrasting lithologies within the volcaniclastic sediments. This
lithofacies has previously been recognised as affecting amplitudes in reflection seismic data
(Leslie et al 2001) .
Unit D / Tabular flows – (T45, Colsay 1 equivalent, FIBG Cycle IV)
This unit occurs between the top basalt and the top of the sedimentary unit and is marked
by high amplitude and low / medium frequency continuous reflectors. The high amplitude
reflectors confirm the interpretation of Jolley & Bell (2002) of this unit as tabular lava flows.
From the two-way time thickness map of the unit (Fig. 32), it can be seen that the late stage
tabular flowfield formed two main axes. One propagated northwards towards the shelf edge,
the other directly north-west. These flow directions emphasise the regional slope in this
area. Drainage of both lava and clastic systems was orientated towards the deeper basin
separating Erlend from Ben Nevis – Brendan‘s Dome.
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Fissures systems - Erlend
During the interpretation of the seismic data a number of fissure-like volcanic feature were seen
in the seismic data. These fissure features are interpreted here as the source of a series of
tabular flow basalts which overlie Erlend centre flowfields (Fig. 33). In contrast to the
interpretation of Gatliff et al (1984), we suggest that lavas erupted from this structure, flowed
into the area between the Erlend complex and the Shetland platform. The dating of this event is
currently uncertain. It is thought most likely that this fissure fed flow field is attributable to
Sequence T40, no Sequence T45 flows having been identified in this region (See section on the
Tobermory area below).
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Two way Time Thickness Map of the UnitA

Figure 28 - TWT thickness map of Unit A

Two way Time Thickness Map of the Unit B

Figure 29 - TWT thickness map of unit B
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Figures 30 - shows the position of the prograding hyaloclastite flows north west from the
Erlend volcano.
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Two way Time Thickness Map of the Sedimentary Unit basalts

Figure 31 - TWT thickness map of the Sedimentary unit over the Erlend volcanic
complex. Note that the thickest volcaniclastic sediments are deposited to the NNE and
NW in low areas on the flanks of the underlying hyaloclastite system.
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Two way Time Thickness Map of the tabular basalts

Figure 32 - TWT thickness map of the Unit D tabular flows over the Erlend Volcanic
complex.
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the Shetland platform. The lines within the yellow circle on the second map view show the lateral extent of the fissure flows.

Figure 33 - Maps and seismic sections showing the position of the fissure structure. The coloured lines on the map view show the edge of
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SECTION 7: RELATIONSHIP OF ERLEND AND BRENDANS
DOME
Erlend and Brendan‟s Dome
Due to lack of available well and seismic data over the Erlend and Brendan‘s Dome area the
exact nature of the volcanism and relationship of the Erlend and Brendan‘s Dome volcanics
(Fig. 34, 35, 36) is not entirely clear. However long regional lines (Fig. 37) give some
insight into the relative timing of events, appearing to indicate that the phase of sequence
T40 volcanism which produced the Erlend Basaltic suite (Jolley and Bell, 2002) preceded the
phase of volcanism producing the Brendan‘s Dome hyaloclastite suite.

Figure 34 - shows a two way time thickness map of the hyaloclastite from the north western
corner of the study area. The prograding direction of the foreset is in a south westerly direction
with the possible source of the extrusive being the Brendan‘s Dome area
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Figure 35 - Prograding foresets within the hyaloclastic unit in the North
Western corner of the study area. The purple horizon picks out the top of
hyaloclastite and the green horizon picks out the base.

Figure 36 - TWT thickness map of the all the hyaloclastites within the study area, the yellow
arrows show the direction of the prograding foresets of the hyaloclastite delta fronts and the
purple ellipsoid shows the basinal area likely to receive winnowed volcaniclastic fine sediment.
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Figure 37 - Figure showing relationship between Erlend Volcanic suite and Brendan‘s Dome hyaloclastites. The time surface
marking the top of the Erlend Volcanic suite appears to occur before that of the eruption and formation of the Brendans dome
hyaloclastite suggesting that the Brendan‘s Dome centre was active later then the Erlend Complex
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Figure 38 – Figure showing a Hyaloclastite sensu stricto, composed of basaltic glass.
(http://www.geology.sdsu.edu)
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Figure 40 – Figure showing a volcanic breccias classified as a ―Hyaloclastite‖ from the
Antarctic Peninsula (http://www.swisseduc.ch/glaciers/earth_icy_planet/glaciers09en.html?id=3). Note the difference in facies despite being classified as the same as the
Hyaloclastite in Figure 38.
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Figure 41 – Figure showing interpreted extent of hyaloclastite packages around 214/4-1 (Upper interpretation)
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Summary:
There term ―hyaloclastite‖ is often used to describe a variety of facies. The original
definition is that of a hydrated tuff-like breccias, rich in black volcanic glass. These are
formed during volcanic eruptions under water, under ice or where subaerial flows
reach the sea or other bodies of water (Fig. 38 & 39).
The commonly used definition of hyaloclastite in the Faroe – Shetland Baisn is
derived from well-logs and geophysical data. These units may represent a chaotic
mixture of volcaniclastic deposits, hydrated lava facies, and lava flows.
The ‗hyaloclastites‘ within the Faroe Shetland Basin originate from multiple sources,
including local sources such as the Erlend Volcanic Centres, Brendan‘s Dome and the
fissure flows near Tobermory (Fig. 40 & 41). Prograding delta-sets, often associated
with hyaloclastite can be observed originating from lava flows that appear to be
sourced from the Brendan‘s Dome area and also from the East Faroes High & Fugloy
Ridge.
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SECTION 8: SEQUENCE T40 CENTRAL FAROE-SHETLAND
BASIN & CORONA RIDGE
Stratigraphy
The Rosebank prospect contains intra-basaltic Colsay Member sandstone units sandwiched
between lava flows (Fig. 42). The broad stratigraphy of the lava is as follows;
“Lower Volcanic Unit” – late sequence T40, FIBG Cycle 2-4, FIBG Beinisvørð Formation
equivalent
“Middle Volcanic Unit” & “Upper Volcanic Unit” – sequence T45, FIBG Cycle 5,
FIBG Malinstindur Formation equivalent
Colsay 1, 2 and 3 represent intra-basaltic sequences deposited between eruptions events.

Figure 42. - From Duncan et al. (2009) showing main volcanic and reservoir units within
the Rosebank prospect. The incised drainage system was found to occur on the equivalent
base Colsay 3/Top lower volcanic surface.
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Figure 43 - Stratigraphical breakdown, well 205/9-1 and Base Colsay 3 well tie.
Seismic Interpretation
Regional Context
The lower volcanic/base Colsay 3 reflector forms a prominent high amplitude reflector that
is possible to trace into the greater Rosebank area). Well 205/9-1, located ~ 35km to the SE
of the Rosebank prospect intersected a series of volcanic sequences of late sequence T40
(equivalent to the Beinisvørð Fm.) (Fig. 43). The relationship of this volcanic package to
Rosebank is shown in Figure 44, where the ‗lower volcanic unit‘ within Rosebank can be
correlated with the lowest most volcanic unit intersected in well 205/9-1 at ~ 2755m MDRT.
However, well 205/9-1 does not intersect any sequence T45 lavas, this is also confirmed
from seismic data, which show a sequence T45 (Enni. Fm equivalent) onlapping onto the high
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penetrated by well 205/9-1. This suggests that after eruption of the sequence T40
(equivalent to the Beinisvørð fm.) lavas, this area became uplifted to become and remain
relative high during the eruption of the subsequent sequence T45 lavas.

However, it the

uplift in the area appears to be varied. The ‗lower volcanic unit‘ can also be traced onto the
Cambo high, forming the lowest most volcanic units penetrated in well 203/10-1. However,
thinning of sequences post-dating the lower volcanic surface onto the Cambo high (Fig. 45)
suggest that after the eruption of the ‗lower volcanic unit‘, uplift of the Cambo high
occurred, similar to that seen in well 205/9-1. However, this uplift event appears to have
been relatively short lived as sequence T45 lava flows (Enni equivalent formation) occur on
the Cambo high, suggesting that it was a relative low and not a high at the time of eruption.
Identification base Colsay 3/top lower volcanic unit incised drainage system
Initial detailed picking of the top-basalt surface (Enni equivalent flow) in the region SE of the
Rosebank prospect indicated that incised drainage systems that developed on the basalt
where denoted seismically by subtle drops in amplitude on the basalt reflector (see section
10). It was therefore hypothesised that similar incised channel events, represented by subtle
drops in amplitude, may also be possible to identify in flows deeper within the lava pile (e.g.
sequence T40 flows). On this basis detailed picking and interpretation of the lower-volcanic
unit in the region of the Corona Ridge was undertaken on a 3 × 5 line grid, allowing for the
identification of a incised drainage network in the greater Corona Ridge area (Fig. 46, 47,
48).
Several key points regarding the incised drainage systems are listed below;
•

The general trend of the most prominent imaged incised drainage system extends

SW-NE direction, from the north of the Cambo field to SW of Rosebank
•

The drainage system was identified by picking on a 3 × 5 line grid. Automated 3D

picking or 3D hunt functions were not utilised, as it was found that without a high density
grid, the automated picker was incapable of accurately following the reflector, or picking out
subtle amplitude variations.
•

Seismically, the drainage system is denoted by subtle drops in amplitude likely caused

by the thickness of the lava sequence falling below tuning thickness, possibly as a result of
incision and removal of basalt by the drainage network (Fig. 49).
•

Aggressive post-stack noise cancelling of the seismic volume leads to loss of some of

the amplitude subtlety, and may therefore lead to missing of an incised channel feature even
if the horizon is picked correctly (Fig. 49).
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The Rosebank prospect sits outwith the margin of the most prominent imaged

drainage system. However, Rosebank 213/27-1 contained a heavily re-worked siliclastic input
throughout the Colsay sequences. This implies that the drainage system originated outwith
the lava field, transited across the lava field and depositied the majority of aranaceous
material in a shallow marine/tidal environment. In this respect we propose that the imaged
drainage system could represent as distinct and separate drainage system.
•

Although flow direction of the channel network is difficult to ascertain, by amplitude

maps with incised drainage systems developed on lavas within the Afar region, the possible
sediment outwash area may be located in a North-Westerley direction from Rosebank.
However, if sediment derived from the incised drainage system is being deposited in this
area, without any additional clastic input, one may expect that the sediment will be heavily
dominated by volcanic derived material, and possibly represent a area of poor reservoir.
Interpretation of incised drainage system
Field examples of drainage systems developed on basalts clearly show a drainage system
controlled by the morphological characteristic of the flow field. In particular, the drainage
system is seen to exploit junctures between individual flows (Fig. 50). Lava flow cores may
be expected to have undergone less mechanical and chemical breakdown post-eruption,
compared to the edges of a flow. Therefore seismically this would lead to a much sharper
contrast in acoustic impedance and ‗harder‘ response between the interface between the
basalt and sediment, compared to the edge of a flow field, where chemical and mechanical
breakdown of the lava may lead to a more gradational contact between sediment and lava.
On this basis, it is proposed that the high amplitude areas which are seen to be flanking the
incised drainage system on the amplitude extraction of the base Colsay sequence may
represent elements of flow field morphology, possibly flow cores, or unweathered elements
of the flow field (Fig. 51, 52). Spectral decomposition on the ‗lower volcanic‘ surface does
not appear to greatly improve imaging of incised drainage network (Fig. 51 ), however it
does appear to bring out morphological elements of the higher amplitude areas of lava field
flanking the drainage system, supporting the premise that these area may be lava cores acting
as relative barriers to the drainage network. In terms of understanding possible sediment
supply, it should be noted that the incised drainage system imaged within amplitude maps, is
in the region of 1km across. Smaller drainage systems, which are not possible to image, may
exist with a markedly different drainage direction (see Fig. 50) and therefore caution needs
to be exercised when placing emphasis on a single imaged drainage system.
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Figure 44.– Seismic line showing relationship of lower volcanic pick from well 213/27-1 (Rosebank) to well
205/9-1.
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equivalent formation) occur on the Cambo high, suggesting that it was a relative low and not a high at the time of eruption of these flows,

of the Cambo high occurred. However, this uplift event appears to have been relatively short lived as sequence T45 lava flows (Enni

sequences post-dating the ‗lower volcanic‘ surface onto the Cambo high suggesting that after the eruption of the ‗lower volcanic unit‘, uplift
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Figure 46 – Figure showing amplitude map of top-lower volcanic surface and 2D line showing the
relationship with Rosebank prospect and the incised drainage system
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Figure 47 - Amplitude extraction of base Colsay 3/top Lower volcanic surface. Note the low
amplitude areas.
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Figure 48 - showing interpretation of incised drainage system on base Colsay 3/Top lower volcanic
unit.
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Figure 49 – Figure showing nature of amplitude drop delineating incised channel features on base-Colsay
3/Top lower volcanic surface. Note the loss of some of the variation in amplitudes in an aggressive noise
cancelled seismic volume.
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Figure 50 – Figure showing aerial photograph of a compound-braided lava field from the Afar region of
Africa. Note how the drainage system is controlled by flow field morphology, developing between
individual lava flows and also between separate lava fields. This has lead to the development of two
predominant drainage directions. It should be noted that incised drainage system imaged within amplitude
maps is roughly equivalent in size to that marked by the red-dashed box. Therefore an un-imaged
drainage system, with a different drainage trend may exist around the greater Rosebank area.
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Figure 51 – Figure showing frequency decompositions on ‗lower volcanic‘ surface, clearly
evident is the incised drainage system and zones of higher amplitude areas flanking the
system, possibly representing un-weathered flow cores.
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Figure 52 – Interpretation showing possible morphology of lava field (red) that may be controlling drainage system
development. The morphology of the field is based on hypothesis that high amplitude regions represent unweathered flow cores.
Note that the nature of the interpreted flows looks similar to that seen in Figure 49.
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T40 – T45 Drainage system – Deposition of Colsay 1, 2 and 3
In an attempt to understand the regional distribution of the intra-basaltic Colsay sequences
(1, 2 and 3) a isochron map was produced utilising the T40 base Colsay three surface and
the T45 time surface (Fig. 53, 54, 55, 56). This method was adopted as it was found that
data quality over the area was insufficient to delineate the Colsay sequences with confidence.
Key findings from this are as follows;
Thickness maps are based on the T45 time surface and base Colsay 3 surface
The Isochron map shows total thickness of the Colsay 1, 2 and 3 sequences (inclusive
of lava packages which occur in this interval)
A broad SW-NE trending zone can be identified where relatively thick intra-basaltic
sequences may be developed.
When the position of the base-Colsay 3 incised drainage system is overlain on the
map it can be seen that a correspondence occurs the drainage system and the SWNE trending zone of relatively thick Colsay sequences. This may suggest that the
drainage system/sediment routing pathway established at the beginning of Colsay 3
was long lived throughout the deposition of Colsay 2 and 1.
When existing published maps of structure are overlain on the surface, it can be seen
that some correspondence occurs between the SW-NE trending zone and faulting,
however inversion on faults may have occurred as current marked down-throws on
faults do not agree with the occurrence of thin and thick areas of the Colsay
sequence.
Additionally, it is important to note that within these sequences the occurrence of
Malinstindur Fm equivalent flows may also occur. This means that an area
represented as having relatively ‗thick‘ T40-T45 intra-basaltic sequences, may also
contain a higher proportion of Malinstindur Fm equivlant flows. Although the gross
thickness of Colsay sequences is likely to be higher in these ‗thick‘ areas, it could be
sub-divided by a high proportion of lava flows. This aspect may be additionally
augmented that relative lows in the drainage system will also be exploited by lava.
Some of the relative thickness changes may be the result of varying velocities within
the Colsay 1, 2 and 3 packages containing volcanics.
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Figure 53 – Map showing relative thickness of Colsay sequences (+ incl of lava sequences)
around the corona ridge area. Note the thinning of sequences onto the highs of Cambo and
Rosebank. Structure from Ellis et al. 2002.
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Figure 54 – Map showing relative thickness of Colsay sequences (+ incl of lava sequences)
with projection of base Colsay 3 drainage system. Note the rough correspondence of the
drainage system with the thickest Colsay sequences, suggesting that the drainage system
established at the base of Colsay 3 may have been long lived throughout the deposition of
the Colsays sequence 1 and 2.
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Figure 55 – Schematic map showing possible long lived lava and sediment depocentre
operating during deposition of Colsay sequences.

Copyright University of Aberdeen 2011

Page 70

Figure 56 – Long regional line and geo-seismic section over Corona ridge area showing the changes in thickness of sequences between base
colsay 3 and the T45 (Enni equivalent) time surface. Note the thinning onto the Cambo high and presence of T40 hyaloclatite unit.
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Controls on drainage system development on Basalt
The development of drainage systems on lavas has not been studied in detail, and therefore
few models currently exist to help understand the controls on drainage system development
and their evolution.
As with clastic systems, topographic morphology plays a dominant role in controlling
the spatial occurrence of where a drainage system develops and how it evolves through
time. Equally topography also plays a key role in controlling the distribution of lava flows, as
lava flows will naturally seek at lows that were existence in either a pre-eruption landscape
or lows within a syn-eruptive landscape which have not been completely in-filled by
preceding lava flows (Fig. 57-1)
It is important to note that the establishment of intra-basaltic sedimentation (and a
drainage system) is directly linked to the nature of eruption of the lava flows. During periods
of highly effusive volcanism, such as those which produced the inflated sheet flows of
Beinisvørð Fm. flows within the FIBG, the short time between eruptions means that there is
little to no time for any kind of drainage system (or sediment deposition) to take place on
the basalt surface. In these circumstances intra-basaltic products are mainly related to in-situ
weathering of basalt tops to form lateritic soils (Passey and Jolley, 2009).
The occurrence of intra-basaltic sequence within the Rosebank area was the result
of a multiple hiatuses in volcanic eruption during sequence T40, which allowed for the
development of a drainage system on the top lava sequence, following this short hiatus, the
eruptive products of the FIBG are dominated by eruptions of a lot lower effusivity
(Malistindur and Enni formations).

Drainage system development and sedimentation

although continuing after the end sequence T40 hiatus, was subsequently punctuated by
periods of volcanic activity, however critically the amount of lava erupted was not enough to
completely swamp and in-fill the pre-existing drainage system.
A volcanic terrain is a highly variable landscape changing between eruptions.
However immature drainage systems developed on basalts show control by the
morphological characteristic of the flow field itself, with the drainage system developing
between flow lobes and in lows of the lava flowfield (Fig. 57-2).
In particular, the drainage system is seen to exploit junctures between individual
flows. Subsequent eruptions of lava into an area containing a developed drainage system will
have the potential to drastically change the nature of the drainage system, as flows will tend
to exploit the same pre-existing low that a drainage system had developed within (Fig. 573).
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Input of lava into the system created a further damming effect and modifed the
drainage system (Fig. 57-2). This process continued until the topographic lows filled (Fig.
57-3 & Fig. 58). There are two implications of this, firstly existing lows in a pre-eruption
landscape are likely to act as long-lived areas of deposition until filled by lava sequences and
sediments. Secondly, an intra-basaltic drainage system will become periodically less confined,
as a result of the topographic lows of the lava field becoming periodically filled.
In such a circumstance any confinement of the drainage system will be the result of
topography created by lava eruption, and not pre-existing topography. In summary during
the initial stages of a drainage system on a volcanic terrain, the topography of the prevolcanic landscape will play a large part in not just controlling where the lava flows occur,
but also the development of drainage systems. With time, and as the topographic lows
created by the pre-volcanic landscape are filled, the drainage system will become more
influenced by the topography created by individual lava flows (Fig. 59). However, any syneruptive tectonic movement may impart a further topographic control and interaction with
the marine zone
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Figure 57 – Schematic block diagrams showing possible evolution of intra-basaltic drainage systems.
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Figure 58 – Figure showing early development of a drainage system on a lava field, Afar Rift,
Kenya. Note the control of the lava field morphology and topography on the drainage system
including basalt promontories sat within the main drainage system (Field of view
approximately 1.4 km)
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Figure 59 – Figure showing a evolved intra-basaltic drainage system. Note how the
largest cumulative thickness of intra-basaltic sediments may also be associated with
the highest frequency of lava flows, as both exploit the depocentre. The drainage
system will become periodically less confined as the basalt topography is filled with
sediment to create a peneplain surface punctuated by lava flows.
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SECTION 9: SEQUENCE T50 NE FAROE-SHETLAND BASIN ERLEND
Beauly Member Equivalent
Analysis of the Erlend area seimic data has identified sequences of carbonaceous sediments
in the wells to the south of the Erlend volcanic complex. Wells 209/6-1 & 209/15-1 located
to the south of the Erlend complex intersected approximaely 5m and 3.5m of coaly strata
respectively. These form part of a carbonaceous deltaic succession, the coals producing a
high-amplitude response within Erlend seismic lines. To understand the nature of these
carbonaceous sediments and their relationship with the underlying lava field, we must
consider the geological succession and procession of environments. From the
biostratigraphical analysis of the wells 208/15-1A and 209/-1, the Lamba Formation shales are
attributable to Sequence T38, and were deposited in mid shelf conditions. The overlying
Flett Formation is comprised of sediments of attributable to sequences T40 and T45 (Ebdon
et al., 1995), all deposited in non-marine environments. The regional unconformity in this
area acts is recorded as break between the Sequence T40 and Sequence T45 aged
sediments. It is evident in both of the well sections analysed that Flett Formation Unit F2b is
absent (Fig. 60, 61). The sediments overlying the Flett Formation demonstrate increasing
terriginous influence. Deposited as part of a fluvio-deltaic succession, the palynofloras are
characteristic of mires in which boghead coals were laid down in freshwater eutrophic lakes.
This unit is equivalent to the Beauly Member in the North Sea. The transition from Beauly
Member equivalent to the overling Balder Formation Unit B2 is a result of a regional marine
transgression initiating inner to mid shelf conditions.
Biostratigraphical analysis of these two well sections, taken together with the
lithofacies provides a direct comparison of these Faroe-Shetland Basin deposits with the type
(well 14/25-1, see Knox & Holloway, 1992) Beauly Member of the North Sea. Our regional
analysis has also identified this Beauly Member equivalent deltaic succession in parts of the
Corona Ridge. All sections recorded to date are within Sequence T50 (Ebdon et al, 1995)
and pass laterally into Balder Formation Unit B1.
Due to the high-amplitude nature of coals and ‗hard‘ reflection characteristic (Fig. 62, 63,
64), the coal can easily be mis-picked as the top-basalt, which is regionally Sequence T40.
This can be avoided by identification of clear onlapping relationship of the carbonaceous
Beauly Formation equivalent onto the top-basalt surface and correct integration of well-logs.
As sea level dropped, prograding forsets can be seen with in the Flett unit on the seismic
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data, the Beauly Member equivalent drapes these features. From a study of the geometries
from the Beauly Member equivalent horizon, it is unlikely that this unit was deposited as part
of a deltaic sequence. No obvious prograding forsets are visible on the data (Fig. 63-70). It
can also be postulated, that these units are quite localized. They are, however, not isolated
as other examples of the Beauly Member equivalents have been identified within the Faroe
Shetland Basin. The deposit has been laid down during one depositional event and is not the
amalgamation of many small scale deposits. Three possible pathways for the addition of
carbonaceous material to the Beauly Member equivalent have been suggested (Fig. 71).
Plant and other organic matter may have been transported from the North Shetland
platform and from the volcanic highs of Erlend and West Erlend, which may have added to
the Carboniferous material that was already in situ. As sea level rises during sequence T50
and the depositional environment changes from a terrestrial to increasingly marine, clay and
mudstones can be seen to be onlapping over the Beauly Member equivalent This is very
noticeable in the Seismic lines to the West and North West (Fig. 67, 68, 69, 70).

Figure 60 - Section from the composite well log for 208/15-1A showing the Beauly Mb
equivalent unit
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Figure 61 - Modified well log section from 209/6-1A showing the Beauly Member
section

Figure 62 -The acoustic response from the seismic section and the corresponding
composite well log for 209/6-1 showing the position of the coal unit, it can be seen that
the coal gives a very high amplitude signature similar to that of regional lava flowfields.
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Figure 63 - Interpreted TWT section of the coal horizon onlapping on to the Sequence T40 Basalts.
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Figure 64 - Interpreted TWT section of the coal horizon (red) onlapping on to the Sequence T40 Basalts. (Dark Green)
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Figure 65 - The Beauly Member equivalent represented as a two way time 3 dimensional
surface, the position of the three wells is shown on the eastern side of the structure.

Figure 66 - Two way time surface map of the Erlend Beauly Member equivalent delta onlapping on top of the top basalts of the Erlend Volcanic Complex
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Figure 67 – Figure showing NW-SE line of Beauly Member coal onlapping onto the Shetland
Platform.
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Figure 68 – SW-NE seismic line showing Beauly Member equivalent coal onlapping onto the
East Erlend volcanic edifice.
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Figure 69 – SE-NE seismic line showing Beauly Member equivalent coal onlapping onto
southern area of the West Erlend volcanic edifice
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Figure 70 – Figure showing Beauly Member equivalent coal onlapping on northern area of
the West Erlend volcanic edifice.

Summary:
The high amplitude nature of the Beauly Member equivalent coals can be easily
mistaken as representing a top-basalt surface, therefore understanding the
distribution of the sequences is important.
The Beauly Member equivalent coals occur on current highs throughout the
Faroe-Shetland Basin, including the Corona Ridge.
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SECTION 10: SEQUENCE T45 LAVAS - CORONA RIDGE
AND SURROUNDING AREA
6005/15-1 Longan

Well 6005/15-1 (Longan) was drilled on the Sandoy ridge (Figures 72, 73, 74) and
intersected two basalt flows (totalling a thickness of ~35m) at a depth of 2145m MDRT,
separated by a shale interbed. Palynological analysis of the interbed (see first section of this
report), and overlying sequences defined the flow as being within Flett Fm. unit F2b, and
equivalent to Enni Fm. of the FIBG.
Seismic Interpretation
Seismically the flow is easily resolved, and displays a slightly irregular undulated nature. The
high amplitude nature of the basalt reflector (Fig. 75, 76) composed to surrounding
sequences means amplitude rendering (opacity rendering) works well in this area and results
are displayed in Figure 77. It is clear for Figure 8 that well 6005/15-1 intersected a series
of lava flows which appear to have been sourced from a general SW direction. The same age
equivalent lava intersected in well 6005/15-1 within the FIBG are associated with spatially
restricted localised sources, producing both braided and compound braided lava flows. This
facies appears to be matched by the dendritic, compound braided nature of the lava flows
imaged seismically around 6005/15-1 (Fig. 77). This suggests that the locally sourced lava
facies of the top Malinstindur and Enni formations within the FIBG are present and replicated
within other areas of the Faroe-Shetland basin at the same time, suggesting that multiple
sources operated, and eruptive styles are similar throughout the basin.
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Figure 72 - Location of well 6005/15-1 (Longan)
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Figure 73 - Location of 6005/15-1 well in relation to Sandoy Ridge
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Figure 74 – Stratigraphy, well 6005/15-1
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Figure 75 – Seismic line showing location of 6005/15-1 and lava sequence
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Figure 76 - Figure showing the ease at which the lava sequence is highlighted when an
envelope attribute is applied
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Figure 77 - Opacity render (see text for details) of the lava sequences that well 6005/15-1
intersected. Note the dendritic braided compound flow nature of the lavas.
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6004/12-1 Svinoy
Well 6004/12-1 (Svinoy), drilled off the Sandoy ridge, NE of well 6005/15-1 (Fig. 78, 79),
intersected ~ 5m of basalt at a depth of 2527 MD RT, bio-stratigraphic analysis of the well
suggests that the lava‘s penetrated are of Flett F1A in age, and therefore are considerably older
then the basalt penetrated in well 6005/15-1, being equivalent to the lower lava sequences of the
FIBG (Beinisvørð equivalent). Seismically the flow intersected in Svinoy is difficult to resolve, due
to its thin nature. A data gap within the 3D survey prevents the lava flows being traced
northwards, where they may thicken and be seismically resolvable.

Figure 78 - Location of 6004/12-1 Svinoy well
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Figure 79 – Arbitrary line intersecting Longan (6005/15-1) and Svinoy (6004/12-1)
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T45 flows – Corona Ridge area
Seismic Interpretation – Relationship with Longan and Svinoy
Regional opacity rendering of the top basalt sequences within the Longan, Svinoy and
Rosebank areas, shows the development of late stage Enni equivalent flowfield to the south
of the Corona Ridge (Fig. 80, 81), forming a lava field of approximately 35km × 12 km (of
currently imaged extent). These late stage flows sit-atop underlying flows, and may be easily
missed if traditional seismic picking techniques are employed (see Fig. 82, 83). The
morphology of these flow matches closely to those imaged around (and intersected) by well
6005/15-1 (Longan). Therefore it is interpreted that this flow field represents lava‘s of the
approximate same eruptive sequence as those in the Longan well, placing them equivalent to
the top Malinstindur/Enni flows within the FIBG. The flow field appears to be formed from a
series of anastomosing individual flows, making identification of the exact source area
direction difficult, however the lava field appears to have been locally sourced, a
interpretation confirmed by comparison of morphology of field analogues (Fig. 84, 85, 86).
Despite the presence of a data gap, the flow does not appear to be related to the flows
intersected by well 6005/15-1 (Longan). This suggests that multiple eruption centres
(fissures) existed throughout the basin at this time (sequence T45).

Nature of flows – Rosebank area
A post eruptive drainage ~ SW – NE drainage system can be seen to have developed on the
lava field. This braided system is apparently one of at least two, which occur in the lower
part of the Hildasay Member in nearby wells.
Nature of flows - Post-Enni drainage system development
To establish how drainage systems may develop on basalt flows, a detailed picking of the
top-basalt (Enni formation equivalent) was conducted in a region SE of the Rosebank
prospect. The important discovery from this was that incised drainage systems that
developed on the basalt where denoted seismically by subtle drops in amplitude on the
basalt reflector (Fig. 88). It was therefore hypothesised that similar incised channel events,
represented by subtle drops in amplitude, may also be possible to identify in flow deeper
within the lava pile (e.g. sequence T40 flows). This aspect will be discussed further in later
sections dealing with intra-basaltic sedimentation in the Corona Ridge area.
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Figure 80 – Figure showing amplitude render of uppermost lava sequences around Longan, Sinoy and Rosebank areas.

Figure 80 – Figure showing amplitude render of uppermost lava sequences around Longan, Sinoy and Rosebank areas..
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Figure 81 – Late stage Enni Fm. equivalent flows west of Rosebank.
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Figure 82 – Opacity rendered image showing morphological detail of late stage Enni
Formation lava SW of Rosebank. See Fig for A-A‘ 2D line

Figure 83 – 2D seismic line taken through late stage Enni Fm. in Figure 82. Note subtle
nature of the lava lobes in a 2D line.
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Figure 84 – Figure showing lava flows erupted from a fissure occurring on SW flank of
Mauna Loa. Note the dendritic lava flows, which show a elongated axial form

Copyright University of Aberdeen 2011

Page 101

Jolley, Schofield, Huuse, Llewellyn

C46-37-01

Figure 85 – Figure showing ‗Craters of the Moon‘ lava field, USA. Note the morphology of
the lava field, which was erupted onto a penplain from one 26km long fissure.
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Figure 86 – Figure showing possible hypothesised location of feeding fissure to the late
sequence T45 flows occurring in the Corona Ridge area.
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Figure 87 – RMS amplitude extraction on lava pick showing dendritic sedimentary
drainage pattern developed on lava sequence.
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Figure 88 – Figure showing subtle drop in amplitudes created by drainage system incising
into the top basalt. On this finding, it was expected that a similar relationship may be also
visible on the top of lower volcanic units.
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SECTION 11: FINAL CONCLUSIONS
Nature of flow fields
Dominant eruptive styles (and associated facies) seen within the FIBG appear to have
been replicated throughout the Faroe-Shetland basin. This suggests that each lava unit in
the FIBG represents a regional trend of magmatic activity (and eruption type).
There is strong evidence for eruption of Sequence T40 lavas over the study area. The
eruptive sources of the early Sequence T45 lavas (Malinstindur Fm equivalent) is less
clear. But it is now apparent that the late Enni Formation progrades as far as the
Corona Ridge where Enni Formation equivalent lavas are sourced locally in fissure type
eruptions.
While the Cycle II, Beinisvørð Formation equivalent lavas were erupted in the Svinoy
well area, the Longan area to the south was covered by a shallow marine embayment.
This activity was coincident with the high relative sea levels of the PETM which resulted
in widespread flooding of marginal lava field areas. Following the post-PETM marine
regression during Sequence T45, the Longan area became a part of a well developed
drainage system which provided the accommodation space into which Cycle VI Enni
Formation equivalent lavas were erupted.
Eruption of the Enni Formation lavas can be seen to be from different fissures with
the dominant flow direction being towards the northeast. In the Corona Ridge area,
these lava fields do not have a physical connection to those of the Faroe Islands.
The current structural highs of Rosebank and Cambo have varying relative uplift
histories during T40-T45. Both structures appear to have been a relative topographic
low at the time of emplacement of ‗lower volcanic unit‘, however Cambo then appears
to have undergone relative uplifit with thinning of post-lower volcanic unit sequences
onto the Cambo high. This uplift event appears to have been relatively short-lived, as a
Cambo contains a Enni Formation equivalent flow-field, implying that it was a relative
low by the time of emplacement of the Enni Formation equivalent flows. However, this
Enni Formation equivalent flow field does not occur in Rosebank and can be seen to
overstep older sequences, suggesting that the Rosebank area was a relative high at the
time when compared to the Cambo region.
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Drainage Systems
Seismic imaging of drainage systems developing on basalts still remains challenging,
however by combination of amplitude rendering techniques (opacity rendering) and
detailed 2 × 5 grid picking subtle drops in amplitude can be mapped that define
incised drainage networks
Flow field geometry and morphology appears to impose a heavy control on drainage
system development, with edges of flows and weathered zones appearing to act as
areas where drainage initially establishes.
In terms of understanding possible sediment supply, it should be noted that the
incised drainage system imaged within amplitude maps, is in the region of 1km across.
Smaller drainage systems, which are not possible to image, may exist with a markedly
different drainage direction, so caution needs to be exercised in determination of a
dominant drainage direction and possible sediment supply
A major incised drainage system appears to establish in the Corona Ridge area at the
end of sequence T40 eruptions, and coincides with base Colsay 3 surface. The
drainage system has an approximate SW-NE orientation. The spatial occurrence of
this drainage system appears to coincide with a depocentre for the Colsay 3 – 1
sequences, suggesting that the drainage system may have been persistent. However,
it should be noted that the depocentre may also contain a large thickness of lava
sequences erupted during deposition of the Colsay sequences.
Effective reservoir is therefore provided only by drainage systems which originate
outside the lava field and have a dominantly siliciclastic catchment. Indeed, some
degree of marine sorting by wave or tidal action may be necessary to remove clay
minerals.
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SUPPLIMENTARY DATA
GIS Description – Project C46-37-01
For ease of use of user, some of the maps produced during this project have been built into
two GIS packages and geo-referenced. These are intended to allow the user to put the
work in its spatial context.
Two methods of viewing these items have been created, the first is a Global Mapper project,
which requires the use of the Global Mapper GIS software. The second, is a series of
Google Earth Layers. These can be loaded by simply double-clicking on the layers (within the
Google Earth Folder), which automatically open Google Earth (if installed) and load the
layers.
Desciption of Layers included in both Global Mapper and Google Earth Layers.
1. Geological Base Map (from Ellis et al. 2009) – A regional tectonic map providing main
regional Structural elements of the Faroe-Shetland Basin
2. Base Colsay 3 Surface – A map showing the approximate Colsay 3 surface in the
region of the Corona Ridge
3. Drainage System Map – An amplitude map of the Base Colsay 3 surface showing the
occurrence of a SW-NE trending drainage system.
4. Spectral Decomp of Drainage System – A figure showing results of seismic spectral
decomposition, which further highlights the drainage system.
5.

Thickness Map – A thickness map showing relative thickness of both the Colsay and
Malinstindur Fm. equivalent lavas.

6. Enni Fm. equivalent flows – A map showing the presence of a Enni Fm. equivalent
flow field to the NW of the Corona Ridge.
Within both Global Mapper and Google Earth it is possible to change the opacity of these
geo-referenced layers, allowing for comparison between maps.
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Example of blending off Layers within Google Earth
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Enclosure 1

Regional Well Correlation

Enclosure 2
Judd Basin - Corona Ridge Wells

Enclosure 3
Corona Ridge - Tobermory (Flett Basin)

Enclosure 4
Tobermory (Flett Basin) - Erlend Wells

