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The Wyville Thomson Ridge Complex (WTRC) located in the NE Atlantic is a major

anticline compound that has been investigated by interpreting medern commercial 2D
digital reflection seismic data. The complex constitutes of Wyville Thomson Ridge
{WTR) and the Ymir Ridge (YR) and is so far undrilled. It is proposed that the orien-
tation of the apex alongside the WTR and the YR changes direction; the WTRC tilted
towards the southeast; the WTRC experienced a clockwise rotation from Late Pale-
ocene until Middle Miocene; the WTRC is segmented by two ENE/WSW trending
fissures and adjacent NE/SW trending transfer faults; beneath the south eastern part
of the Ymir Ridge a transcurrent fault ends as a Hstric fault in the Rockall Basin. Four
compressional phases affected the WTRC 1) Late Paleocene - Early Eocene 2} Barly
Eocene 3) Early Oligocene and 4) Middle Miocene. Based on the seismic interpreta-
tions a structural model is presented.

- Introduction

The objective of this paper is to present a sim-

. ple structural model accounting for ali the diverse
. stress regimes and resulting strain that have been
. involved in the post volcanic evolution of the
~ Wyville Thomson Ridge Complex (WTRC) (Fig.
¢ 1). This was obtained by resolving the Tertiary

movement of WTRC, by interpretation of the post
basait sedimenis from 2D modern reflection seis-

. mic profiles (Fig. 1). The seismic interpretation
© was correlated to the nearby areas. In order to
: construct the model the stratigraphic development
: of the basins next to the Wyville Thomson Ridge

{(WTR) and Ymir Ridge (YR) was analysed.

Geological Setting

Since the collapse of the Caledonides during
the late Siturian — Early Devonian (Archer ef o/,
2003) several episodic, non-magmatic extension
phases occurred in the area with the NE Atlantic
margin resulting in a wide rifted region (Lundin
and Doré, 2005) bearing the NE-SW Caledonian
trend (e.g. Archer et al., 2005). Within the Faroe-
Shettand, Rockall and Porcupine areas at least six
main phases of rifting events have been described
(Dean et al., 1999): (1) Devonian — Carboniferous
(2) Permian - Triassic (3) Middle Jurassic (4) Late
Jurassic (5) Cretaceous and (6) Paleocene.

During Hauterivian (Early Cretaceous c. 135-
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Geographical map of the North Atlantic including structural features in the region: the North Atlantic
Igneous Province (NAIP) extends from Baffin Islands (not shown) and to the northern part of the British
Isles (Adapted from Ritchic ef al., 1999, Frei, 2005 and Ganerod et al. 2008). The bathymetry data is the
ETOPOI data set (Amante and Easkins, 2008). Faroe Fracture Zone and Tjornes Fracture Zone (redrawn
from Kimbell er al., 2005). BBB, Bill Bailey Bank; DIC, Darwin Igncous Centre; FB, Faroe Bank; FBCB,
Faroe Bank Channel Basin; FR, Faroe Ridge; LB, Lousy Bank; MR, Munkagrunnur Ridge; NERB, North
East Rockall Basin; SIC, Sigmundur Igneous Centre; WTRC, Wyville Thomson Ridge Complex. The
seismic survey YMR97 investigated in this study is visualized in the insert figure.

132 Ma) the extensional stress direction shifted
from E-W to NW-SE (Doré et al., 1999) when
the southerly propagating Arctic rift (consisting
of the Faroe-Shetland-Mere basins) united with
the northerly propagating Atlantic rift (consist-
ing of the Rockall Basin) forming a single, linked

rift system (Roberts et al., 1999) (Fig. 1). Oce-
anic spreading and voluminous and widespread
volcanism accompanied the rift phases culminat-
ing with the separation of Greenland and Eurasia
(e.g. Saunders ef al., 1997). The North Atlantic
seafloor spreading started in Aptian time (middle
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Early Cretaceous c. 118 Ma) between Newfound-
land and Bay of Biscay/Iberia representing a
weak NE-SW extensional stress direction (Lun-
din and Doré, 2005).

Rifting between Greenland and Eurasia,
including the Faroe-Rockall Plateau (Boldreel
and Andersen, 1993) plus the Jan Mayen micro-
continent (Hinz et al., 1993; Eldholm and Thiede,
1980) initiated in Paleocene (57-56 Ma Chron
24/25) (Larsen, 1988) or (c. 56-53 Ma) (Saunders
et al., 1997). The simultaneous rifting on each
side of Greenland, in the Labrador Sea/Baffin Bay
and the NE Atlantic, was linked at a triple junc-
tion south of Greenland (Lundin and Doré, 2005).
The ocean spreading in the Labrador Sea slowed
and stopped in Middle — Late Eocene between
Chrons 21 and 13 (c. 50 Ma until 36 Ma) (Saun-
ders ef al., 1997) but Chron 13 also marks the
initiation of a continuous spreading axis between
the Arctic and the NE Atlantic (Lundin and Doré,
2005). Oceanic spreading between the Faroe
Fracture Zone (Bott, 1985) and the Jan Mayen
Fracture Zone transferred north-westwards from
the Aegir Ridge to the Kolbeinsey Ridge cross-
ing the Jan Mayen Ridge (Fig. 1) isolating the Jan
Mayen microcontinent (c.g. Nunns, 1983). Some
disagreement exist on the timing of this event:
from the initiation of break-up in Paleocene —
Early Oligocene (Chron 24 ¢.54 Ma until Chron
12 ¢.32 Ma) when the Aegir Ridge was abandoned
(Lundin and Dor¢, 2005), Middle Eocene — Early
Miocene (Chron 22-20 until Chron 6) (Larsen,
1988), Late Eocene — Oligocene until Early Mio-
cene (Chron 20 until Chron 7) (e.g. Nunns, 1983)
or Late Oligocene (Chron 7 ¢.25 Ma until Chron
6) at the culmination of the Jan Mayen micro-
continent separating from Greenland (Hinz e/ al.,
1993; Eldholm and Thiede, 1980).

This ridge transition caused the Jan Mayen
microcontinent to rotate approximately 8° anti-
clockwise relative to East Greenland and NW
Europe (Boldreel and Andersen, 1993) and is
well recorded by the difference in the orientation
between the Tjornes and Faroe Fracture Zones
(Kimbell ef al., 2005) and between the West- and
East Jan Mayen Fracture Zone making up the Jan

Mayen Fracture Zone (Fig. I) (Talwani and Eld-
holm, 1977). This ridge transition resulted in a
change in the relative motion of Greenland and
Eurasia from approximately normal to the mid-
ocean ridge, constituting of the Reykjanes Ridge
south of Iceland and the Kolbeinsey Ridge to the
north, to the spreading that persists to the pre-
sent day. This spreading ridge was accomplished
by utilization of the Caledonian suture zone and
can be viewed as the natural consequence of the
Pangaean break-up (Lundin and Doré, 2005). The
rotation of the Jan Mayen microcontinent was
manifested on the Faroe-Rockall Plateau (Bol-
dreel and Andersen, 1993) where the Late Eocene
unconformity developed within the Hatton Bank
area (Johnson er al., 2005), the Rockall Basin, the
north Faroe-Shetland and North Sea Fan-Vering
areas as the intra-Miocene unconformity (consti-
tuting of both Late Eocene and Base Neogene due
to stratigraphic inter-correlation uncertainty over
the WTRC) (Stoker ef al., 2005).

The rifted continental margin between Green-
land and Eurasia experienced the influence of
the Icelandic hotspot around 64 Ma (Archer
et al., 2005) that produced abundant igneous
activity (e.g. Smith ef al., 2005) with an overall
melt estimation of 5-10 x 10°km? that was gen-
erated in only 2 Ma (White et al., 1987) and is
referred to as the North Atlantic Igneous Prov-
ince (NAIP) (e.g. Saunders et al., 1997; Keser
Neish and Ziska, 2005). The voleanic activity on
Faroe Islands lasted 4 to 7 million years mainly
in the Thanetian and ceased before the opening
of the NE Atlantic during Chron 24R close to the
Paleocene/Eocene boundary (Waagstein, 1988).
The Faroese onshore basalts are subdivided into
three separate formations: The Beinisverd Fm
(Passey and Bell, 2007) (>3000 m) that extruded
during Chron 26R to Chron 25N and is present
over most of the Faroe-Rockall Platean (Waag-
stein, 1988). The Beinisverd Fm is overlain by the
Malinstindur Fm (Passey and Bell, 2007) (~1400
m) (Waagstein, 1988) that is overlain by the Enni
Fm (Passey and Bell, 2007) (~900 m) (Waagstein,
1988) and both extruded during Chron 24R and
are confined to a relative narrow area along the
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Stratigraphic Correlation Diagram around the WTRC
Author/Area | Present Atticle | STRATAGEM Serensen, A. B., 2003 Andersen et al, Tateetal., 1999 | Boldreel &
Partners, 2002 2000 Andersen, 1993
WTRC South Western Faroe- | Faroese area Eastern Faroe NE Rockall Faroe-Rockall area
Epoch Shetland Channel region Basin
Pleistocene 16 D3 FPC-D3
12 Glacial | CN-050 Pliocene -
FSN-1 Pleist
Pleistocene — 15 14* D2 FPC-D.2 eistocene
Middle Pliocene
1 | GuANU | Pliocene | CN-040 ) Late Miocene
Early Pliocene - | 12 ‘
Late Miocene 10 13 Dla+Dlb FPC-D.1 Late Mid Miocene
Il FSN-2
9 Mid Miocene | CN-030 Mid Miocene
Early Miocene | 10 C | FrC-C Early Miocene
8 | TPU | Top Oligacene | CN-010 | Mid Oligocene | Late Qligocene
8
; Late Eocene -
Early Oligocene ?,. 9 Oligocene FPC-B.4 8 Dligocene
6 Top Eocene | CP-100 ] Top Eocene | Eacene - Oligocene
Middle Eocene | 6 Mid Eocene FPC-B3 7 Mid - Late Eocene
5 Mid Eocene CP-060 Mid Eocene Intra Eocene
5 FSp
4
4 Early Eocene FPC-B.2 6
3
3
Early Eocene 2 Top Balder Fm, T50 CP-030 Violet Early Eocene
2 FPC-B.1 tuff + 5 Balder Fm +
1 Middle & Upper Basalt Balder Fm tuff
| Series, Top Basalt, Balder
Top Basalt Fm, Balder Tuff CP-010 Top Basalt | Top Basalt
Late Paleocene FPC-A 4a basalt + il
S8, DS, FBCK Top Paleocene, T40 - T45 Brown Pal — Eocene
and Drekacyga Middle & Upper Basalt 4b basalts Middle & Upper
Late Paleocene Intrusion Series, T38 - T40 Base Basall Basalt Series
3

Fig. 2.

A stratigraphic correlation diagram visualizing geological time versus geological locations adjacent
the investigated area interpreted by different authors, showing successions (white) and their bound-
ing unconformities or conformable reflectors/seismic key markers (pale green). T numbers are BP
sequences. Numbers in the column “Present Article “ refere to the interpreted seismic stratigraphic
units in the present study. *Unit 14 is deposited in the AB and due to erosion the lower boundary is
reflector 9. See section ,,Summarizing the three Sub Areas® for further details.

continental margin. The Prestfjall Fm (Passey
and Bell, 2007) previously called the coal-bearing
sequence (Waagstein, 1988) and the Hvannhagi
Fm (Passcy and Bell, 2007) also belongs to the
Chron 24R and separates the Beinisverd Fm and
the Malinstindur Fm (Waagstein, 1988).

It is generally accepted that the Icelandic hot-

spot was the location for the break-up in the NE
Atlantic, but Lundin and Doré (2005) investigated
alternative origins as a consequence of plate tec-
tonics. The NAIP was divided into two pulses
(e.g. Saunders ef al., 1997) due to the timing and
amount of the magmatic eruption, plus that the
location of these magmatic areas for a specific
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time interval trended almost perpendicular to one
another.

The first pulse was in Middle Paleocene (c.
62-58 Ma) and mainly confined to continent-
based magmatism in the form of intense dyke
swarms in the British Tertiary Igneous Prov-
ince (Archer ef al., 2005) also called the British
Volcanic Province (BVP), West Greenland and
eastern Baffin Bay governed by a short-lived
attempt at sceking a new rift path (Fig. 1). This
NW-SE belt called the Thulean Volcanic Line
(Hall, 1981) indicate a NE-SW extensional stress
field during part of the Paleocene (England, 1988)
probably enhanced by the Pyrenean phase of the
Alpine collision that was replaced as stretching
and subsequent separation refocused on the NE
Atlantic margin in the later Paleocene — Early
Eocene (Archer ef al., 2005).

The second pulse was in latest Paleocene
— carliest Eocene (c. 56-53 Ma) with volumi-
nous magmatism along the NE Atlantic margins
related (o the final break-up of Pangaea, exploit-
ing the collapsed Caledonian fold belt (Archer ef
al., 2005).

Several post break-up compressional phases
took place in the NE Atlantic margin and gener-
ally the Eocene — Miocene compressional phases,
in form of basin inversion observed in major
basins in NW Europe, are assumed to be related
to the Alpine deformation (c.g. Ziegler 1987).
Within the Faroe-Shetland and Hatton-Rockall
areas three compressional/transpressional phases,
developing major anticlinal folds, are identified:
(1) Late Paleocene (Thanetian) — Early Eocene,
gravitational ridge push from the N (Boldreel and
Andersen, 1993) forming the WNW-trending
WTRC and the NNW-trending Munkagrunnur
Ridge, and the ENE-trending Fugloy Ridge might
also have been active (Boldreel and Andersen,
1994) (2) Oligocene, gravitational ridge push from
the NNW (Boldreel and Andersen, 1993) devel-
oping NE- to ENE-trending fold axis to the east
of the Faroe Tslands and in the area between Faroe
Islands and Hatton Bank (Boldreel and Andersen,
1994), and at the WTRC ecrosional truncations
are scen on the Late Oligocene unconformity

(Boldreel and Andersen, 1993) and (3) Middle —
Late Miocene, gravitational ridge push from the
NW developing WSW-ENE to SW-NE-trending
anticlines in the FSB plus almost E-W-trending
structures in the Faroe Rockall Plateau (Bol-
dreel and Andersen, 1993). However, Andersen
et al. (2002) only recognised two major com-
pressional phases in the Faroe Platform area (1)
Middle Eocene and (2) Middle — Late Miocene
times. Many scenarios have been described in the
attempt to explain the genesis of the WTR and the
YR and therefore also of the WTRC e.g. Boldreel
and Andersen (1993), Johnson ef al. (2005), Keser
Neish and Ziska (2005), Kimbell ef al. (2005),
Smith et al., (2009), Stoker et al. (1993) and Tate
et al. (1999).

Materials and Methods

In 1997 Fugro-Geoteam AS recorded a 2D seis-
mic survey YMRO97 (1782 line km) SW of the
Faroe Islands. The source type was a G-Gun
3040 Cu. inch array fired at a depth of 8 m below
the sea surface and at an interval of 25 m. The 6
km long cable, placed in 10 m depth in the water
with an offset of 140 m, contained 480 channel
groups with a group length of 12.5 m and the CDP
interval was 6.25 m. The recorded length was 8
sec. with a 2 msee. sample rate, filters of a Low-
cut 4 Hz and a High-cut 204 Hz, and the data
were stored as normal polarity in a SEG-D 8015
format. Afterwards Robertson Research Inter-
national LTD. processed the data to zero phase
signal with a CDP gather of 120 fold and used the
Kirchhoff summation migration method.

The criteria applied for reflector interpretation
has been to define the base of each seismic unit
on the 16 profiles used. The seismic profiles were
thus thoroughly interpreted as a large numbers of
reflectors and units have been analysed.

The investigated area was divided into three
sub arcas named the Rockall Basin (RB),
Audhumla Basin (AB) and Faroe Bank Channel
Basin (FBCB) located from the south towards
the north (Fig. [). The three sub areas were
interpreted independently and afterwards the
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FRCB Unit I— FBCB Unit 5

FBCB Unit 1 is at the lower boundary limited
by reflector Top Basalt and at the upper bound-
ary by reflector 1. Reflector 1 is characterized
as a high amplitude peak that downlaps the Top
Basalt reflector in the basinwards direction. The
external form of FBCB Unit 1 is a prograding
wedge. The internal reflection pattern consists of
subparallel downlapping reflectors of high ampli-

. tude and frequency and truncations occur at the

top of FBCB Unit 1 towards the WTR. The unit
has a limited extent as it is present only at the

"4 intersecting of line 202, 203 and 101.

FBCB Unit 2 is at the lower boundary limited
by reflector Top Basalt and at the upper bound-

. ary by reflector 2, Reflector 2 is a high amplitude

Jii trough that onlaps the Top Basalt reflector and

The key profile chosen in the FBCB is the WNW-ESE seismic line 101 approximately 161 km long. 11
reflectors were interpreted and 11 units analysed and are referred to in the text, The depth in ms TWT and
the crossing seismic lines are shown. To the NW the upper part of the WTR is eroded. On the WTR north
western flank adjacent to line 203 two small bulges are expressed at the Top Basalt that continues until the
reflector 6. The sedimentary units below reflector 6 display a chaotic seismic pattern whereas the younger
units show a non chaotic seismic character with a similar geographical extent of the depositional area.

interpretation was merged from south to north.
A direct correlation can be established between
the interpreted reflectors in the RB and the AB,
but a similar connection is not possible between
the AB and the FBCB. To assign age relation to
the interpreted reflectors STRATAGEM Partners
(2002), Serensen (2003), Andersen et al. (2000),
Tate ef al. (1999) and Boldreel and Andersen
(1993) were used for correlation (Fig. 2).

Three interpreted key seismic profiles (Figures
3, 4 and 5) representing each sub area and one
profile (Fig. 6) that intersects the sub areas are
shown in order to illustrate the connection and
correlation of the development in the sub areas.
The profiles that represent the RB and the FBCB
are located high on the flanks of the ridges, and
therefore reflect the deposition of the sediment
packages located on the flanks rather than in the
basins. The profile in the AB is located in the cen-
tre of the basin. The seismic units are named after

the upper reflector demarcating the units.

Results

Top Basalt

The top of the basalt is a high amplitude peak
reflector in the entire survey and a depth map
to the surface of the basalt is produced (Fig. 7).
The interpretation shows that the basalt in places
is eroded at the apex of the WTR and the YR,
and that the orientation of the apex alongside both
ridges changes.

Faroe Bank Channel Basin - Observations of
the Seismic Units

In the Faroe Bank Channel Basin the seismic line
101 (Fig. 3) was chosen as the key profile.

downlaps the Top Basalt reflector basinwards.
The external form of FBCB Unit 2 is a basin fill.
In the NW the internal pattern is at the lower
part represented by onlapping high amplitude
and frequency subparallel continuous reflectors
and truncation occurs in the upper part. Basin-
wards the pattern becomes chaotic to contorted
and lower amplitude and frequency is observed
as compared to the NW. The unit is found in most
of the FBCB.

FBCB Unit 3 is at the lower boundary limited
by reflector 2 and at the upper boundary by reflec-
tor 3. Reflector 3 is a high amplitude trough and
onlaps reflector | towards the WTR and downlaps
reflector 2. The external form of FBCB Unit 3 is
a prograding wedge. The internal pattern is con-
tinuous subparalle] reflectors of medium to high
amplitude and low to high frequency. The unit
is limited to the intersection of line 203 and 101.

FBCB Unit 4 is at the lower boundary limited
by reflector 2 and at the upper boundary by reflec-
tor 4. Reflector 4 is a high amplitude undulating
trough that onlaps the older boundaries. The
external form of FBCB Unit 4 is a basin fill. The
internal pattern is onlapping subparallel continu-
ous reflectors of medium to high amplitude and
low to medium frequency that become disrupted
in the central part of the FBCB. The unit is found
in FBCB apart from FBCK.

FBCB Unit 5 is at the lower boundary limited
by reflector 4 and at the upper boundary by reflec-
tor 5. Reflector 5 is a low amplitude peak that
onlaps reflector 4 and in the north western area
reflector 3. The external form of FBCB Unit 5 is
a basin fill. The internal pattern consists of onlap-
ping subparallel continuous reflectors of medium
to high amplitude and low to medium frequency.
The unit is found in FBCB apart from the FBCK.

FBCB Unit 6

FBCB Unit 6 is at the lower boundary limited by
reflector 5 and at the upper boundary by reflec-
tor 6. Reflector 6 is a high amplitude peak that is
truncated at the top of FBCB Unit 6 in the N'W.
The external form of FBCB Unit 6 is a basin fill.
The internal pattern is onlapping subparallel con-
tinuous reflectors of medium to high amplitude
and low to medium frequency. The unit is found
in FBCB apart from the FBCK.

FBCB Unit 7

FBCB Unit 7 is at the lower boundary limited by
reflector 6 and at the upper boundary by reflec-
tor 8. Reflector 8 is a high amplitude peak that
onlaps reflector 6. The external form of FBCB
Unit 7 is a basin fill changing into a prograding
wedge on line 206. The internal pattern shows
high amplitude and medium to high frequency
continuous subparallel reflectors. The unit is pre-
sent in the area where lines 202-206 intersect 101.

FBCB Unit 8§

FBCB Unit 8 is at the lower boundary limited by
reflector 8 and at the upper boundary by reflec-
tor 9. Reflector 9 is a high amplitude peak that
onlaps reflector 8 towards the NW and seems to
onlap reflector 6 close to the FBCK. The exter-
nal form of FBCB Unit 8 is a prograding basin
fill changing into a prograding wedge close to
the FBCK. The internal pattern is characterized
of high amplitude and medium to high frequency
by onlapping continuous subparallel reflec-
tors, although downlap is observed adjacent the
FBCK. The unit is found in the area where lines
203-206 intersect 101.
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The key profile chosen in the RB is the approximately 120 km long WNW-ESE seismic line 107 along
with 11 reflectors interpreted and 11 units analysed. The depth in ms TWT and the crossing seismic lines
are shown. The Sigmundur Igneous Centre (SIC) is located in the NW with the adjacent Darwin [gneous
Centre (DIC) and ending with the YR in the SE. The SIC is demarcated by an escarpment and the flank
of DIC towards the north is demarcated by a fault being active until Early Oligocene. The lava flows

that originate from the SIC show onlap to the lava flows from the DIC in a SE direction. Above the DIC,
between the SIC and the fault, the sediments up to Top Oligocene are squeezed and bulging upwards as a
dome indicating compression. SE of the fault the only indication of compression is a few bulges adjacent
to line 206 at the Top Basalt that continues in the sedimentary units until the Top Oligocene.

FBCB Unit 9

FBCB Unit 9 is at the lower boundary limited
by reflector 9 apart from the NW where the
lower boundary is reflector 6, and is at the upper
boundary limited by the reflector 11. Reflector 11
is a high amplitude trough that onlaps the lower
boundary. The external form of FBCB Unit 9
is an onlapping basin fill changing into a pro-
grading wedge close to the FBCK. The internal
pattern constitutes of onlapping continuous sub-
parallel reflectors of high amplitude and medium
to high frequency, however downlap is observed
adjacent the FBCK. The unit is found in the area
where the lines 203-206 intersect 101.

FBCB Unit 10

FBCB Unit 10 is at the lower boundary limited by
reflector 11 and at the upper boundary by reflector
12. Reflector 12 is a high amplitude trough that
onlaps the lower boundary. The external form of
FBCB Unit 10 is a prograding basin fill changing
into a prograding wedge close to the FBCK. In the
NW the internal pattern is represented by onlap-
ping continuous subparallel reflectors of medium
to high amplitude and low to high frequency and
truncations are found at the top of FBCB Unit 10
in the NW. Adjacent the FBCK the internal pai-
tern shows onlapping reflectors that basinwards
downlap the lower boundary of medium ampli-

The Wyville Thomson Ridge Complex located in the NE Atlantic — Aspects of the Tertiary development 23

tude and low to medium frequency. The unit is
present in the area of intersecting lines 203-209
with the 101 apart from the FBCK.

FBCB Unit 11

FBCB Unit 11 is at the lower boundary limited
by reflector 12 and at the upper boundary by
reflector Sea Bed. Reflector Sea Bed is a high
amplitude peak in the entire survey. The external
form of FBCB Unit 11 is a basin fill. The internal
pattern consists of onlapping continuous subpar-
allel reflectors of medium to high amplitude and
low to high frequency. The unit is present in the
whole FBCB.

Interpretations of the Seismic Units

Early Eocene

FBCB Unit 1 has a limited areal distribution and
is recasonable thin (Fig. 3). This indicates that a
small amount of clastic material, as judged from
the internal reflector pattern, may originate from
the north western part of the WTR. It is inter-
preted that the relative sea level fell to allow for
erosion of the flood basalt in the NW of the WTR.
This relative sea level fall indicates the first uplift
of the WTR as the unit is found only in the NW.
This shows that the WTR did not act as one con-
tinuous ridge and thus it seems to be segmented.
FBCB Unit 2 consists of material that seems
to originate from the WTR. The unit is extensive
distributed in the basin and indicates that abun-
dant depositional material was available (Fig. 3).
To the NW the unit is deposited higher up the
flank of the WTR than in the SE indicating that
the WTR is segmented. The distribution of the
unit indicates a relative sea level rise due to basin
subsidence before and during the deposition.
FBCB Unit 3 has a limited areal distribution
(Fig. 3) and indicates that a small amount of mate-
rial which may well originate from the NW of the
WTR. Before and during deposition of the unit
the relative sea level fell to allow for erosion of
the flood basalt in the NW of the WTR. The rela-
tive sea level fall indicates the second uplift of

the WTR. The extent of the unit shows that the
WTR is segmented, and that the basin subsided
towards the SE.

FBCB Unit 4 is found in the whole FBCB apart
from the FBCK and indicates that abundant mate-
rial, as indicated by the internal reflector pattern,
may originate from the WTR (Fig. 3). To the SE
the unit is deposited higher up the flank of the
WTR than to the NW indicating that the WTR is
segmented. The distribution of the unit indicates
a relative sea level rise caused by basin subsid-
ence before and during the deposition.

FBCB Unit 5 consists of material that seems
to originate from the WTR and onlaps reflec-
tor 1 near the sea bed to the NW as judged from
the internal reflector pattern (Fig. 3). The Early
Eocene reflector represent the first compressional
phase, as all the previous units can be seen as an
continuation of the same development resulting
in a compressional phase.

Middle Eocene

FBCB Unit 6 has the widest distribution among
all the units. Approximately midway on the
inclination of the WTR the reflectors show pro-
gradation and aggradation from the WTR (Fig.
3) signifying a fast depositional rate. Before and
during the deposition of the unit the relative sea
level rose due to basin subsidence.

After deposition of the reflector 6 the relative
sea level fell and caused a break in sedimenta-
tion indicated by the erosion of the entire upper
boundary of FBCB Unit 6. This relative sea level
fall marks the Top Eocene unconformity and
indicates the third uplift of the WTR.

Early Oligocene

FBCB Unit 7 is recognized in the deepest part
of the basin (Fig. 3) and may originate from the
WTR. The internal reflectors onlap reflector 6
and indicate an enhanced accommodation space
during deposition of the unit caused by basin sub-
sidence and a relative sea level rise.

Early Miocene
FBCB Unit 8 is found in the deepest part of the
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basin and may originate from the WTR as judged
from the internal reflector pattern (Fig. 3). The
unit thickens basinwards and indicates that the
accommodation space and the relative sea level
were about the same or slightly enlarged as in the
deposition of FBCB Unit 7.

Late Miocene — Early Pliocene

FBCB Unit 9 appears in the deepest part of the
basin adjacent the FBCK and the internal reflec-
tor configuration is downlap (Fig. 6). The relative
sea level was about the same or slightly rising
as the basin continued subsiding leading to a
slightly enhanced accommodation space.

Middle Pliocene — Pleistocence

FBCB Unit 10 is recognized in the deepest part
of the basin and as based on the seismic interpre-
tations originated from the WTR. The internal
reflectors onlap reflector 11 in the NW (Fig. 3)
but downlap on reflector 11 in the SE (Fig. 6). The
accommodation space was slightly enhanced as
the unit reaches further op the WTR than the pre-
vious unit and indicates a relative sea level rise
caused by basin subsidence.

After deposition of FBCB Unit 10 a relative sea
level fall occurred causing a break in sedimenta-
tion indicated by the ereston of the entire upper
boundary of the unit (Fig. 3). The erosion was
more severe in the NW where all reflectors show
truncation and may be caused by one or more of
the following 1) the accommodation space was
filled up 2) strong sea currents initiated 3) gla-
ciation began 4) only the NW of the WTR was
uplifted indicating that the WTR is separated by
faults or transfer zones. The relative sea level fall
marks the Glacial Unconformity and indicates the
fourth uplift of the WTR.

Pleistocene

During deposition of FBCB Unit 11 the basin sub-
sided and this indicates a relative sea level rise.

Rockall Basin - Observations of the Seismic
Units

In the Rockall Basin the seismic line 107 (Fig. 4) o
_ RB_:UniIS —RB Unit 6
; RB__ﬁﬁit 5 is at the lower boundary limited by

was chosen as the key profile.

RB Unit I —RB Uit 3

RB Unit 1 is at the lower boundary limited by
reflector Top Basalt and at the upper boundary

by reflector 2. Reflector 2 is an onlapping undu-

lating trough. The external form of RB Unit 1 is:

a basin fill. The internal pattern is chaotic to con-

torted onlapping reflectors of medium amplitude:
and low to medium frequency. The unit is present

in the RB apart from a fault in an area where the _

line 106 intersects line 204.

RB Unit 2 is at the lower boundary limited by
reflector 2 and at the upper boundary by reflec-
tor 4. Reflector 4 is a high amplitude undulating
trough that onlaps the top basalt. The extern
form of RB Unit 2 is a basin fill. The internal

pattern is represented by onlapping chaotic to
contorted reflectors of medium amplitude and
low to medium frequency. The unit is present i
the RB apart from the area where the lines 20
and 106 intersect due to a fault and in the are
with intersecting lines 206-207 with 106-107
a compression bulge is found here (See Fig.l fo
seismic line location).

RB Unit 3 is at the lower boundary limited by
reflector 4 and at the upper boundary by reflector 5
(Fig. 4). Reflector 5 is a low to medium amplitude.
undulating peak onlapping the lower boundary.
The external form of RB Unit 3 is a basin fill. The.
internat pattern is chaotic to contorted onlapping
reflectors of low to high amplitude and frequency.:
The unit is found in the whole RB apart from the
SE where line 207 intersects line 107.

RB Unit 4

RB Unit 4 is at the lower boundary limited by
reflector 5 and at the upper boundary by reflector:
6. Reflector 6 is a low to high amplitude undulat-
ing peak that onlaps the top basalf at the YR and.
reflector 5 in the SE. The external form of RB:
Unit 4 is a basin fill. The internal pattern is cha—i_
otic to contorted onlapping reflectors of low to:
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. highamplitude and frequency. The unit is present

in the whole RB.

reflector 6 and at the upper boundary by reflector
7. Reflector 7 is a low to medium amplitude undu-
h&mg peak that onlaps the top basalt towards the
YR and reffector 6 to the SE. The external form
of RB Unit 5 is a basin fill. The internal pattern
shows onlapping chaotic to contorted reflectors
of low to high amplitude and frequency. The unit
is 'présent in the RB apart from minor patches.

- RB Unit 6 is at the lower boundary limited by

. reflector 7 and at the upper boundary by reflector

8. Reflector 8 is a low to medium amplitude undu-
lating peak that onlaps the top basalt towards the

- YR and reflector 7 to the SE (Fig. 4). The exter-

nal form of RB Unit 6 is a basin fill. The internal

' pﬂftern shows onlapping reflectors that vary from

subparallet and chaotic to contorted, all of fow to
high amplitade and frequency. The unit is present
in.the RB apart from an area where lines 205-207
intersect line 106 (Fig. 1).

RB Unit 7 is at the lower boundary limited by
reflector 8 and at the upper boundary by reflec-
tor 9. Reflector 9 is a high amplitude peak (low
to high in the NW) that onlaps the top basalt
towards the YR {Fig, 4), and reflector 8 in the
central and SE part of the RB. The external form
of RB Unit 7 is a basin fill. The internal pattern
shows onlapping subparaliel reflectors that are
chaotic to contorted in the NW all of medium to
high amplitude and low to high frequency. Trun-

: cations are found in the central and north western
4 partexcept adjacent the Sigmundur [gneous Cen-

tre (SIC) and the YR. The unit is present in the
RB spart from small patches.

RE Unir 8 — RB Unit ¢

RB Unit § is at the lower boundary limited by
reflector 9 and at the upper boundary by reflector
10, Reflector 10 is a medium to strong amplitude
peak. The external form of RB Unit § is an onlap-

ping and migrating wave basin fill. The internal
pattern shows one reflector changing to three
subparallel reflectors in the SE but changes to
continuous subparallel reflectors in the NW all
with low to medium amplitude and frequency.
The unit is only found to the SE where lines 205-
207 intersect line 107 (Fig. 4).

RB Unit 9 is at the lower boundary limited by
reflector 10 and at the upper boundary by reflec-
tor 11. Reflector 11 is a high amplitude trough that
in the NW on line 107 (Fig. 4) onlaps reflector
9. The external form of RB Unit 9 is an onlap-
ping and migrating wave basin fill. The internal
pattern shows one to two continuous subparailel
reflectors in the SE changing to abundant reflec-
tors in the NW of medium to high amplitude and
low to high frequency. The unit is present in the
RB apart from some minor areas.

RB Unit 10

RB Unit 10 is at the lower boundary limited by
reflector 11 and at the upper boundary by reflec-
tor 12. Reflector 12 is a high amplitude trough.
The external form of RB Unit 10 is a downlap-
ping and migrating wave basin fill. The internal
pattern shows continuing subparallel downlap-
ping reflectors of medium to high amplitude and
low to high frequency. The unit is present in the
RB apart from an area with intersecting lines
205-207 with line 106 {(Fig. ).

RB Unit 1

RB Unit 11 is at the lower boundary limited by
reflector 12 and at the upper boundary by reflec-
tor Sea Bed (Fig. 4). The Sea Bed reflector is a
high amplitude peak. The external form of RB
Unit 11 is a basin fill. The internal pattern shows
one or two continucus subparallel downlapping
reflectors of medium to high amplitude and low
to high frequency. The unit is present all over
the RB.
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Interpretations of the Seismic Units

Early Eocene

RB Unit 1 may originate from the WTR and other
surrounded elevated basaltic areas and has been
exposed to compression (Fig. 4). The relative
sea level fell after the volcanic activity ceased to
allow for erosion of the flood basalt of the WTR
and other surrounded elevated areas indicating
the first uplift of the YR.

A NW/SE trending normal fault is located
along the northern flank of the Darwin Igncous
Centre (DIC) (Fig. 8) and RB Unit 1 is thicker to
the SW than to the NE of the fault. The unit is
missing in the area between the fault and YR on
line 204 and on Tine 106 in the area from the fault
to midway between lines 204 and 205. SE of line
204 the normal fault is outside the seismic survey.
Located between the normal fault and the YR, a
small scale foreland compressional belt is present
(Fig. 8). The belt dies out or is located outside the
survey on line 207 where the YR is widest. This
compressional foreland belt is much smaller in
size to the NW than to the SE and indicates that
the two volcanic centres may have absorbed much
of the compression.

RB Unit 2 may originate from the WTR and
other surrounded elevated basaltic areas (Fig. 4).
The unit has been subjected to compression. The
relative sea level rose, but in the SE the relative
sea level fell likely due to the compression that
elevated the southern part of the YR thus indicat-
ing that the YR is a segmented ridge.

During deposition of RB Unit 2, deposition did
not occur in two areas. The firstarea is described
above in RB Unit 1. The second area is to the SE
and is located on line 106 and 107 at the apex
of YR approximately between line 206 and 207
(Fig. 8). On line 107 (Fig. 4) the unit is missing
just NW of the apex indicating that the YR was
exposed to a compression from the north, north-
cast, east or southeast resulting in a rotation of
the apex towards the south, southwest, west or
northwest. On line 106 the unit is missing on top
of the YR and on top of the compressional fore-
land belt located alongside the YR further to the

NW. On the intersecting line 207 the compres-

sional foreland belt is located outside the survey

but the RB Unit 2 is missing at the apex of the"
YR. Rotation seems not to have taken place at theio

location of line 207 (Fig. 4) as reflector 4 is onlap-

ping the reflector 2 approaching the area from"”
the RB in the SW but downlapping the reflectory,

2 coming from the AB in the NE. However, this

area without deposition, was the apex of the YR

during deposition of the RB Unit 2 and therefore
the reflector had to be deposited as an onlapping
reflector. By a rotation an onlapping reflector
changes into a downlapping reflector in the direc-
tion of the compression being the north, northeast
or east. Where line 206 (Fig. 6) intersects the YR
perpendicularly, the apex has turned towards the
SW (Fig. 7) indicating that the compression origi-
nated from the NE. This NE compression is also
confirmed by the flanks of the compressional
belt indicating that the NE-SW direction is par-
allel to the compression direction. Therelore, this
could correspond to the first compressional phase
described as a ridge push from the north in Late
Paleocene — Early Eocene (Boldreel and Ander-
sen, 1994) although the compression direction
differs slightly.

It is suggested that a transcurrent fault being an
extension of the Ymir/Ness Lineament is located
underneath and alongside the YR (Fig, 8) causing
the ridge to wiggle about the transcurrent fault as
if it was a hinge. Therefore, the upper boundary
of RB Unit 1 downlaps the Top Basalt reflector
coming from the RB in the SW, and reflector 4
downlaps reflector 2 coming from the AB in the
NE. This indicates that after deposition of RB
Unit 1 the apex of the YR was pushed towards
the NE and after deposition of RB Unit 2 the apex
of the YR was pushed towards the SW. Also the
compression that originated from the SW had to
be stronger than the compression originated from
the NE as reflector 2 retained being a downlap-
ping reflector.

The area SW of the normal [ault and between
the two volcanic centres (Fig. 8) subsided more
than the area to the NW of the normal fault. This
might be due to the location of one or several fis-

210
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Ymir Ridge

Fig.5.

204 205 208 207

Aushumla Basin

The key profile chosen in the AB is the WNW-ESE seismic line 104 approximately 152 km long with 9 refiec-
tors interpreted and 9 units analysed. The depth is ms TWT and the crossing seismic lines are shown. The
bending YR is situated to the NW and the SE with the AB placed in between. In the NW an escarpment is
located at the Top Basalt and between lines 205-207 two larger bulges are seen interpreted as the Drekaeyga
Intrusion (DI). The sedimentary units up until reflector 9 follow the contours of the Top Basalt, and overall the
sedimentary units onlap in the NW but overstep the YR in the SE. Units deposited after reflector 9 comprises
sinusoidal sediment waves and contourite deposits. To the NW an erosional channel is present where sediments
were eroded down into the Top Eocene unit by the Glacial Unconformity.

sures as well as lava flows originating from the
DIC spreading out and reaching the YR. Indica-
tions that the normal fault released much of the
compressional tensions are seen.

RB Unit 3 may originate from the WTR and
surrounded elevated areas. The normal fault men-
tioned previously in RB Unit 2 was active during
the deposition, as RB Unit 3 is slightly thicker
SW of the normal fault than to the NE (Fig. 4).
From line 205 towards the NW the RB Unit 3 is
thicker and reaches slightly further up the YR
than in the RB Unit 1 and RB Unit 2 (Fig. 4), indi-
cating an area of subsidence that caused a relative
sea level rise.

Middle Eocene

RB Unit 4 has the widest distribution among the
unifs interpreted. The depositional material may
originate from the WTR and surrounded elevated
arcas. The normal fault described in RB Unit 2
seems fo be a strike-slip fault that ends as a listric
fault in the NW (Fig. 8). During deposition of RB
Unit 4 the strike-slip fault was active and the area
was subjected to subsidence but not compression
that caused a relative sea level rise.

After deposition of RB Unit 4 the Top Eocene
unconformity occurred and eroded the entire
apex of the YR due to a pronounced fall in the
relative sea level and indicates the second uplift
of the YR. A moat present alongside the YR is
caused by erosive sea currents which may have
been active at a later stage.

Early Oligocene
RB Unit 5 may originate from the WTR and sur-
rounded elevated areas. During deposition of RB
Unit 5, lack of deposition occur in the same area
as described in RB Unit 1 and at the top of the
dome on line 107 (Fig. 4) where the RB Unit 5
onlaps reflector 6. Thickness analyses show that
the strike-slip fault was active at a time period
that corresponds to about three quarters of the
thickness of RB Unit 5. The lows created by
the compression and erosion at the Top Eocene
unconformity were infilled as the accommoda-
tion space was enhanced compared to RB Unit
4 indicating a relative sea level rise due to basin
subsidence.

RB Unit 6 seems to originate from the WTR
and surrounded elevated arcas. Only at the top of

Ymir Ridge SE
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the YR in the SE deposits lack (Fig. 4). The RB
Unit 6 oversteps the previously mentioned dome
and reaches higher up the SIC and YR indicating
a relative sea level rise due to basin subsidence
during the deposition.

After deposition of RB Unit 6 the upper bound-
ary was eroded due to compression, indicated by
the Top Oligocene unconformity and the third
uplift of the YR, In the SE part of line 107 (Fig.
4) between line 206 and 207 the apex of the YR
rotated once again towards the SW and the same
processes may be active as described previously
in RB Unit 2. This may correspond to the second
compressional phase described as a ridge push
from the north-north-west in Oligocene (Boldreel
and Andersen, 1994) although the compressional
direction is not the same.

Early Miocene

RB Unit 7 may originate from the WTR and sur-
rounded elevated areas. The RB Unit 7 onlaps the
dome previously mentioned and the SIC western
flank higher up than in RB Unit 6 (Fig. 4) and
thus indicate a relative sea level rise due to basin
subsidence during the deposition.

After deposition of RB Unit 7 erosion occurred
and truncated the upper boundary NW of the
dome due to compression and indicates the fourth
uplift of the YR and a relative sea level fall. The
sediments are eroded by sea bottom currents that
transported and deposited the sediments as con-
tourites and sediment waves towards the YR and
the moat mentioned previously in RB Unit 4. This
is the Middle Miocene unconformity and could
correspond to the third compressional phase
described as a ridge push from the NW in Mid-
dle — Late Miocene (Boldreel and Andersen, 1994
and Andersen ef al, 2002).

Late Miocene — Early Pliocene

RB Unit 8 is deposited by sea bottom currents
that eroded the RB Unit 7 and transported the
sediments adjacent the SIC and the YR (Fig. 4) as
sinusoidal sediment waves or contourite deposits
filling up the moat. During deposition of RB Unit
8 the relative sea level rose due to basin subsid-

ence but the same area as described in RB Unit
is left without deposition,

RB Unit 9 is deposited by sea bottom cur
rents and transported the sediments adjacent th
SIC and the YR as sinusoidal sediment waves o
contourite deposits filling up the moat (Fig. 4)
During deposition of the RB Unit 9 the relativ
sea level rose due to basin subsidence.

After the contourite deposition the sea botton
currents changed their direction or strength an
a new moat developed at the flank of the YR i
the NW on line 201 and 202.

Middie Pliocene —

RB Unit 10 seems to originate from the pre
viously deposited units, YR, WTR and othe
surrounded clevated areas. The RB Unit 10 i
deposited by sea bottom currents that transporte:
the sediments adjacent the SIC and the moat a
the flank of the YR as sinusoidal sediment wave:
or contourite deposits filling up the moats {Fig
4). During deposition of RB Unit 10 the relativ
sea level rose due to basin subsidence.

Pleistocene

Pleistocene

RB Unit 11 may originate from the WTR an
other surrounded elevated areas. During deposi
tion of RB Unit 11 the relative sea level rose du
to basin subsidence.

Audhumla Basin - Observations of the Seis-
mic Units

In the Audhumla Basin the seismic line 104 (Flg
5) was chosen as the key profile.

AB Unit I — AB Unit 3

AB Unit 1 is at the lower boundary limited by

reflector Top Basalt and at the upper boundary by,
£xcept in one minor area,

reflector 2. Reflector 2 is a low to high amphitud
trough and oversteps the YR in the NW on line
202 and on line 206 (Fig. 6) and line 207 into the
RB. Reflector 2 onlaps reflector Top Basalt at the

YR in the NW, but downlaps reflector Top Basalt
between line 203 and 204 (Fig. 5). The external

fo1m ()f AR Unit 1 is a basin fill. The internal
pattem shows onlapping subparallel continuous
tcﬂectozs in the NW with high amplitude and
frequancy that changes into chaotic to contorted
reffectors with lower amplitude and frequency
towai'ds the SE. The unit is present in the entire
AB.‘ -Z -

“AB Umt 2 is at the lower boundary limited by
re 'ectm 2 and at the upper boundary by reflec-
Reflector 4 is a high amplitude trough,
that oriiaps reflector 2 in the NW and reflector

Top Basalt in the SE. The external form of AB

Unit 2 is a basin fill. The internal pattern shows
onEappmg subparattel continmaous reflectors that
changes: into chaotic to contorted reflectors
'tﬁviia:fds the SE of low to high amplitude and fre-

-quency The unit is present in the entire AB.

"AB Unit 3 is at the lower boundary limited by
reﬂector 4 and at the upper boundary by reflec-
for 5 ‘Reflector S is a low to medium amplitude
undulating peak. The external form of AB Unit
3'is'a;basin fill. The internal pattern consists of
onfapping subparallel reflectors that changes into
chaotic to contorted reflectors towards the SE of
10_W to high amplitude and frequency. In the NW
o line 203 a moat is present. The unit is present
alf over the AB.

AB Unit 4

AB Unit 4 15 at the lower boundary bounded by
reflector 5 and at the upper boundary by reflector
6. Reflector 6 is a low to medium amplitude undu-
lating peak. The extesnal form of AB Unit 4 is a
basin {ill. The internal pattern shows onlapping

subparallel reflectors of low to high amplitude
and frequency that changes into chaotic to con-

_ torted reflectors towards the SE. Truncations are
found at the upper boundary and an erosional

channel is observed on line 104 (Fig. 5} between
line 203 and 204. The unit is present in the AB

AB Unit 5— AB Unit 6

AB Unit 5 is at the lower boundary limited by
refiector 6 and at the upper boundary by reflector
Reflector 7 is a low to medium amplitude undu-
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lating peak. The external form of AB Unit 5 isa
basin fill. The internal pattern shows onlapping
subparallel and chaotic to contorted reflectors of
medium to high amplitude and frequency. Trun-
cations are found and the erosional channel is
observed on line 104 (Fig, 5). The unit is present
in the AB apart from two minor patches.

AB Unit 6 is at the lower boundary limited by
reflector 7 and at the upper boundary by reflector
8. Reflector 8 is a medium amplitude undulat-
ing peak. The external form of AB Unit 6 is a
basin fill. The internal pattern shows onlapping
subparallel and chaotic to contorted reflectors of
medium to high amplitude and frequency. Trun-
cations are found. The unit is found in the central
and SE part of the AB.

AB Unit 7

AB Unit 7 is at the lower boundary limited by
reflector 8 and at the upper boundary by reflec-
tor 9. Reflector 9 is a medium to high amplitude
peak. The external form of AB Unit 7 is a basin
fill. The internal onlapping subparallel and cha-
otic to contorted reflectors of pattern shows
medium to high amplitude and frequency. Trun-
cations are found. The unit is found in the central
and SE part of the AB.

AB Unit 8§

AB Unit 8 is at the lower boundary limited by
reflector 9 and at the upper boundary by reflector
12. Reflector 12 is a high amplitude trough that
downlaps the erosional channel and the moat in
the NW (Fig. 4). The external form of AB Unit 8
is a basin fill. The internal pattern shows one to
three reflectors of high amplitude and frequency.
Truncations are found. The unit is found in the
entire AB.

AB Unit 9

AB Unit 9 is at the lower boundary limited
by reflector 12 and at the upper boundary by
reflector Sea Bed. Reflector Sea Bed is a high
amplitude peak. The external form of AB Unit 9
is a basin fill. The internal pattern shows infill-
ing and onlapping subparallel reflectors of high
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SW 107 106 105 104 103 102 101 sides of the basin were at the same elevation, the
500 Ymir Ridge Wyville Thomson Faroe Bank basin subsided towards the SE or the area tilted

Rockall Basin

1000

Fig. 6.

The key profile chosen for connecting the three sub areas is the NNE-SSW seismic line 206 that is approxi-
mately 103 km long where 14 reflectors were interpreted and 16 units analysed. The Depth in ms TWT and the
crossing seismic lines are shown. The FBCB is different from the RB and AB and characterized by rather calm
depositional conditions and was hardly affected by compressional forces. Approaching the study area from

the south (RB) the four lower most units overstep the YR and continues into the AB whereas the WTR acts as
a barrier and no units are directly connected to the FBCB. In the FBCB the seismic picture of the four lower
most and four upper most units look similar to the four lowermost and four uppermost units in the RB. The

top of the WTR show truncations and compressional structures are found in the RB and AB being active until
Middle Miocene. The following pelagic units were deposited by sea bottom currents that show onlapping and
migrating or sinusoidal sediment waves and contourite deposits.

amplitude and frequency. The unit is found in the
entire AB.

Interpretations of the Seismic Units

Early Eocene
AB Unit 1 onlaps the Top Basalt reflector and
has a limited extension in the NW and contin-
ues like a tongue along the south western side
of the basin. This indicates that a small amount
of likely clastic depositional material that may
originate from the WTR and surrounded elevated
areas was available. The relative sea level fell to
allow for erosion of the flood basalt and indicates
the first ridge uplift.

The deposition of AB Unit | indicates that the

Audhumia Basin

Ridge Channel Basin

towards the SE. The downlap of AB Unit 2 on
reflector 2 on line 207 adjacent to line 106 (See
trend on Fig. 6 and Fig. 8) indicales a compres-
sion from the NE or that the YR is divided into
sections by faults or fissures.
AB Unit 3 could originate from the WTR and
' surrounded elevated areas. The depositional dis-
| (ribution is similar to AB Unit 1 and signifies
\ that YR was not highly elevated. Compared to
. AB Unit 2 (Fig. 5) the accommodation space
W was slightly enhanced in the NE and enlarging
§ towards the SW due to basin subsidence which
{ indicates a relative sea level rise.
| After deposition of AB Unit 3 compression
commenced causing the YR and all the above
deposited sedimentary units to bend upwards
indicating the second ridge uplift (Fig. 6). In
the NW towards the SE until line 205, erosion
exposed the Top Basalt reflector indicating that
this part of YR is more responsive to compression
than in the SE (Fig. 8). On line 207 adjacent to the
intersecting of line 106 the AB Unit 3 downlaps
reflector 2 towards the SW, indicating a compres-
sion from the NE and causing a SW rotation of
the YR apex. This compression may correspond
to the first compressional phase described as a
ridge push from the north in Late Paleocene —
compression came from the NE, the basin was al Early Eocene (Boldreel and Andersen, 1994). The
a higher level in the NE and the compressional relative sea level fell during the compression and
belt began to develop before or during the depo- allowed erosion of the newly uplifted areas, and
sition of AB Unit 1. The area to the NW of the thus AB Unit 3 was removed above YR.
Drekaeyga Intrusion (DI) was more exposed and
responsive to compression than the area SE of the
DI. The deposition area of AB Unit | included the AB Unit 4 seems to originate from the WTR and
YR and continued into the RB. However the unit surrounded elevated areas. The AB Unit 4 has the
was removed by later erosion exposing the Top widest distribution (Fig. 5) and during the dep-
Basalt. The WTR was more elevated than the YR. osition the relative sea level rose enhancing the
AB Unit 2 seems to originate from the WTR accommodation space due (o basin subsidence.
and surrounded elevated areas. It is interpreted  After deposition of the AB Unit 4 the Top
that the AB Unit 2 constitutes of clastic materi- Eocene unconformity commenced causing a
als. During deposition of AB Unit 2 the relative pronounced relative sea level fall and indicates
sea level rose causing an enhanced accommoda- the third uplift of the ridges. In shallow areas
tion space due to basin subsidence. lruncations are found and an erosional channel
The deposition of AB Unit 2 indicates that both is observed (Fig. 5). On lines 205-207 (Fig. 8) a

Middle Eocene
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precursor to the moat located adjacent to line 106
developed due to erosive sea currents. Originally
AB Unit 4 was deposited above the YR and con-
tinued into the RB but later erosion removed the
AB Unit 4 from line 205 towards the NW. This
indicates that the first compressional phase con-
tinued until the Top Eocene or that the second
compressional phase commenced from the NE.

Early Oligocene

AB Unit 5 may originate from the WTR and sur-
rounded elevated areas. At the WTR southern
flank AB Unit 5 onlaps the lower reflector except
in the interval from line 206 and line 207 (Fig.
8) where AB Unit 5 onlaps reflector Top Basalt.
This indicates a relative sea level rise during
the deposition due to basin subsidence or sedi-
ment compaction enhancing the accommodation
space.

After deposition of AB Unit 5 erosion occurred
and truncated the upper boundary (Fig. 5). There
are no signs ol compression and thus the erosion
is caused by the accommodation space being
filled up.

AB Unit 6 could originate from the WTR and
surrounded elevated areas. The AB Unit 6 is pre-
sent to the SE of line 203 and onlaps reflector 7
before the erosional channel and the moat (Fig. 5).
There are indications of a relative sea level rise
towards the SE due to basin subsidence or sedi-
ment compaction during deposition of AB Unit 6.

The lack of deposition of AB Unit 6 in the NW
is due to erosion caused by the Top Oligocene
unconformity caused by compression that ele-
vated the area in the NW signifying the fourth
ridge uplift and a relative sea level fall. This com-
pression indicates the third compressional phase
which may correspond to the second compres-
sional phase described as a ridge push from the
north-north-west in Oligocene (Boldreel and
Andersen, 1994). This implies that the ridge is
divided into segments where the segment SE of
line 203 experienced basin subsidence or sedi-
ment compaction.
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An isopach map of the interpreted Top Basalt surface to the seafloor that outlines the interpreted
geological structures. Solid lines are interpreted from the YMRO97 survey and dotted lines are tenta-
tive interpretations. Arrows indicate the present apex facing directions of the WTR and YR being
the resultant compressional force affecting the WTRC. Abbreviations: AB, Audhumla Basin; DIC/
DS Darwin Igneous Center; DI, Drekaeyga Intrusion; FBCB, Faroe Bank Channel Basin; FBCK,
Faroe Bank Channel Knoll; MB, Munkur Basin; NERB, Northeast Rockall Basin; RB, Rockall
Basin; SIC/SS, Sigmundur Igneous Centre; WTR, Wyville Thomson Ridge; YR, Ymir Ridge.

Early Miocene

AB Unit 7 seems to originate from the WTR
and surrounded elevated areas. The distribution
of AB Unit 7 indicates that during the deposi-
tion the accommodation space enhanced more
in the SE than in the NW (Fig. 5) due to basin
subsidence or sediment compaction resulting in
a relative sea level rise.

After deposition of AB Unit 7 the Middle

Miocene unconformity commenced and the sez
currents eroded the upper part of the AB Unil
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and Andersen, 1994) and the second compres-
sional phase by Andersen et al. (2002).

Late Miocene — Early Pliocene or Middle Plio-
cene — Pleistocene

AB Unit 8 may originate from the WTR and sur-
rounded elevated areas and is deposited during
a relative sea level rise due to basin subsidence.

After deposition of AB Unit 8 the Glacial
Unconformity commenced and the relative sea
level fell. The previously mentioned erosional
channel on line 104 (Fig. 5) began to develop at
the Glacial Unconformity and eroded down into
reflector 6 (AB Unit 4) being the NE part of the
moat located on line 203,

Pleistocene

AB Unit 9 may originate from the WTR and sur-
rounded elevated areas and is deposited during
a relative sea level rise due (o basin subsidence.

Summarizing the three Sub Areas

Discussion/Conclusion

The three sub areas are connected using seismic
line 206 (Fig. 6). In the text the units are to be
found in Figures 3, 4 and 5.

Early Eocene
The Early Eocene comprises five units (Fig. 2):
unit 1 (Top Basalt — reflector 1) located in the
FBCB, unit 2 (Top Basalt — reflector 2) found in
all three basins, unit 3 (between reflectors 2 - 3)
present in the FBCB, unit 4 (between reflectors
2 - 4) and unit 5 (between reflectors 4 - 5) which
both are found in all three basins.

The WTR started to elevate during the Early
Eocene and the units deposited in the FBCB did

7 (Fig. 5). A massive compression from the NEnot continue into the AB. The YR was not highly
rotated the apex of the YR and all the aboveelevated and therefore the units are found in both
deposited units towards the SW (Fig. 6) andthe AB and the RB. Overall the WTRC tilted
indicates the fifth uplift of the YR resulting in 2towards the SE and the ridges are segmented
relative sea level fall. This compression signifiesby faults having a NE-SW direction bearing the

the fourth compressional phase which may corre:

Caledonian trend or by fissures that connect the

spond to the third compressional phase (Boldreelvolcanic centres (Fig. 8). The volcanic centres, the

extension of the lava flows and the transcurrent
fault, which is the north western part of the Ymir/
Ness Lineament, located underneath and along-
side the YR controlled much of the depositional
distribution and the localization of the compres-
sion. Therefore the effect of the compression is
more intense in the NW of the AB and in the SE
in the RB. During Early Eocene the YR started
to elevate and the WTR continued to elevate due
to compressional forces having a NE-SW direc-
tion. The first compression originated from the
NE (during deposition of unit 1), the second from
the SW (taken place during deposition of unit 2)
and the third also from the NE (during deposition
of unit 3, 4 and 5).

The compression from the SW may be ascribed
to the seafloor spreading between Greenland
and Eurasia linked at a triple junction south of
Greenland (Lundin and Doré, 2005) (Fig. 1) that
initiated in Paleocene (57-56 Ma Chron 24/25)
(Larsen, 1988) or (c.56-53 Ma) (Saunders et al.,
1997). However, the oceanic spreading between
the Faroe Fracture Zone (Bott, 1985) and the Jan
Mayen Fracture Zone transferring to the NW
(Fig. 1) isolating the Jan Mayen microconti-
nent (e.g. Nunns, 1983) also had an affect on the
WTRC. Many suggestions exist on the timing of
the Aegir Ridge transition and judged from the
internal reflector pattern outlined in this study
the period from the initiation of break-up in Pale-
ocene — Early Oligocene (Chron 24 ¢.54 Ma until
Chron 12 ¢.32 Ma) when Aegir Ridge was aban-
doned (Lundin and Doré, 2005) is suggested. This
ridge transition is manifested on the Faroe-Rock-
all Plateau (Boldreel and Andersen, 1993) and is
the compressional force from the NE observed in
the WTRC. A clockwise rotation of the WTRC is
suggested by the opposed compressional direc-
tions and the different facing directions of the
apex of the ridges (Fig. 7), and the strength of
the affect depends on the width of the ridges.
This could correspond to the first compressional
phase described as a ridge push from the north in
Late Paleocene — Early Eocene by Boldreel and
Andersen (1994) and as the first compressional
phase in the Middle Eocene by Andersen et al.



34 Ziska & Boldreel

107000 9730 0" g0 8300

transcurrent fault in the RB that branches out as
a listric fault in the NW direction was active.

&0 0 7°30'0" 700"

607 45'0"

G0° 20" 0"

£0715'0"

6070 0"

59°45'0"

60's  After deposition of the unit the relative sea
level fell and the Top Eocene unconformity
evolved which caused a sedimentation stop and
erosion of the upper boundary. This indicates that
the first compressional phase continued or that
the second compressional phase started from the
NW. This compression may be due to the con-
tinuous spreading axis between the Arctic and
the NE Atlantic in the Late Eocene (Chron [3)
(Lundin and Doré, 2005) that initiated after the
ocean spreading in the Labrador Sea slowed and
stopped in Middle — Late Eocene (c. 50 Ma until
36 Ma Chrons 21-13) (Saunders et al., 1997).
Also the rotation of the Jan Mayen microcon-
tinent manifested on the Faroe-Rockall Plateau
and the WTRC contributed to the development
of the Top Eocene unconformity (e.g. Johnson ez
al., 2005 and Stoker ef al., 2005). These tectonic
movements caused a further clockwise rotation
of the WTRC.
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Fig. 8.

A suggested structural model of the WTRC as judged from the seismic interpretati.(m of the _scismic
survey YMRO7. Solid and dotted grey lines are parts of the transcurrent faults Ynnr/Ncss Lineament.
Shaded areas show the compressional belts, Question mark relates to the shaded area in the F_BCB.
White dot indicates a small basin located at the Top Basalt on the WTR. Heavy dotted black lines show
fissures and adjacent faults. Solid black arrows indicate clockwise rotation of the WTRC.

(2002). The Thulean Volcanic Line (Hall, 1981)
(Fig. 1) located south of the WTRC, indicates a
NE-SW extensional stress field (England, 1988)
in the Middle Paleocene (c. 62-58 Ma) (Archer
et al., 2005) that together with the mafic lacco-
lithic located in the NE Rockall Basin could have
affected the subsidence in the SE due to thermal
cooling.

Overall the relative sea level rose towards the
SE and enhanced the accommodation space but
fell in the NW allowing erosion of the uplifted

Early Oligocene

-8° 00" -7 300" oo

The Early Oligocene is comprised of three units
(Fig. 2): unit 7 (between reflectors 6 — 7) and unit
8 (between reflectors 7 — 8) deposited in the RB
and the AB, and unit 9 (between reflectors 6 — 8)
deposited in the FBCB,

The lows created at the Top Eocene uncon-
formity became filled as the accommodation
space enhanced due to basin subsidence or sedi-
ment compaction indicating a relative sea level
rise. The transcurrent fault in the RB (Fig. 8) was
active at the beginning of the period.

After deposition of the units the Top Oligocene
unconformity commenced and the upper bound-
. ary was eroded which indicates a relative sea level
Middle Eocene fall caused by compression. The north western
The Middle Eocene is comprised of one unit (Fi? area of the ridges was elevated but the south cast-
2): unit 6 (between reflectors 5 - 6) deposited lern areq subsided signifying that the ridges are
all three basins and has the widest gﬁOgl'ﬂpi1iC”.segl1lclnted or that the clockwise rotation of the
distribution of all the mapped units. WTRC was reactivated (Fig. 8). In the NW of the

The relative sea level rose during the deplAB and af the YR southern flank the entire unit
sition of the unit caused by basin subsidenCyas removed. This is caused by the third com-
that enhanced the accommodation space. Thpresgional phase which could correspond to the

B0 00

areas that removed all or parts of the units at th
YR southern flank.
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second compressional phase described as a ridge
push from the north-north-west in Oligocene by
Boldreel and Andersen (1994).

Early Miocene

The Early Miocene is comprised of one unit (Fig.
2): unit 10 (between reflectors 8 — 9) deposited in
all three basins.

During deposition of the unit the accommoda-
tion space enhanced due to basin subsidence or
sediment compaction that indicates a relative sea
level rise, but in the AB the unit only exists SE
of the erosional channel and the moat (Fig. 5).

After deposition of the unit the Middle Mio-
cene unconformity commenced eroding and
truncating most of the upper boundary by sea bot-
tom currents in the AB and RB and transported
the sediments as contourites and sinusoidal sed-
iment waves (Fig. 7 and 4). This signifies the
fourth compressional phase which could corre-
spond to the third compressional phase described
as a ridge push from the north-west in Middle
— Late Miocene (Boldreel and Andersen, 1994)
and as the second compressional phase by Ander-
sen et al. (2002). This last compressional phase
originating from the NW may be caused by the
remnants of the structural adjustment of the rota-
tion of the Jan Mayen microcontinent. The effect
of the compressional force is that the apex of
the YR and all the above deposited units turned
towards the SW (Fig. 7) and indicates that the
ridges are segmented and the relative sea level
fell due to uplift of the ridges.

Late Miocene — Early Pliocene

The Late Miocene — Early Pliocene comprises
three units (Fig. 2): unit 11 (between reflectors
9 - 10) and unit 12 (between reflectors 10 - 11)
deposited in the RB, and unit 13 (between reflec-
tors 9 - 11) deposited in the FBCB.

In the FBCB deposition took place during
calm conditions, as compared to the RB, and the
relative sea level was about the same as in the
previous period or rose slightly enhancing the
accommodation space due to basin subsidence
(Fig.3). In the RB (Fig. 4) the relative sea level
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rose due to basin subsidence and sea bottom cug-
rents that eroded the lower units and transported
the sediments adjacent to the escarpment and
flank of the YR as sinusoidal sediment waves ot
conttourite deposits filling up the moat and lows,

After the contourite deposition the Pliocene
unconformity commenced where the sea bottom
currents changed their direction or strength and
developed a new moat at the YR southern flank
in the N'W.

Middle Pliocene - Pleistocene

The Middle Pliocene — Pleistocene comprises
two units (Fig. 2): unit 14 (between reflectors 9
- 12) deposited in the AB, and unit 15 (between
reflectors 11 - 12) deposited inthe RB and FBCB.

During deposition of the unit the relative sea
fevel rose due to basin subsidence. In the FBCB
the unit was deposited under more calm condi-
tions than in the AB and the RB (Fig. 6).

After deposition of the unit erosion took place
indicated by the Glacial Unconformity and a
relative sea level fall. This signifies that the
accommodation space was filled up and the onset
of the glaciation. In the RB there are no indica~
tions of the Glacial Unconformity (Fig. 4), but
in the AB an erosional channel developed (Fig.
5) that eroded down into the Top Eocene period
being the NE part of the moat. Therefore, unit 14
{(between reflectors 9 - 12) might be part of the
Late Miocene — Early Pliocene period as the top
of the unit has been severely eroded. Hence the
Middle Pliocene — Pleistocene is not present in
the AB. In the FBCB the entire upper boundary
is eroded and truncated in the NW (Fig. 3),

Pleistocene

The Pleistocene is comprised of one unit (Fig. 2):
unit 16 (reflector 12 — Sea Bed) deposited in all
three basins, During deposition of the unit the
relative sea level rose due to basin subsidence
where the depositional conditions overall were
more calm than in the two previously periods.

Structural Model of the WTRC

The WTRC constitute of the two NW-SE strikin
compressional ridges, the WTR and the YR wit
the intervening AB. To the NW and SE the ridge
merge and at these locations the ridges have thei_'
fargest width. The width of the WTR is rathgj
consistent whereas alongside the YR the widt]
changes (Fig. 7).
The apex of the ridges faces in different direc
tions (Fig. 7) and this is caused by the combine
effect of approximately perpendicular directe
stress towards the ridges and the location of the
volcanic centres thought of as being connecte
by two ENE/WSW trending fissures (Fig. 8}
The western fissure connects the SIC and a smal
sediment basin on top of the WTR apex wherea
the eastern fissure connects the DIC, DI and thy
FBCK. The fissures divide the investigated ara
into three parts where the NW segment had;
resultant compressional direction towards th
NE, the central segment towards the SW and th
SE segment towards the NE (Fig. 7). Two facin
directions deviate from this: in the central part g
the WTR the apex faces towards NE (line 205
and in the SE the apex of the YR faces toward
the SW (line 206). This local effect is caused b
the width of the ridges and the location of th
DI, as it is speculated that the volcanic centré
absorbed and stopped much of the compression
forces and thereby locally controlled the deve
opment of the ridges. Adjacent to the fissure
two NE/SW trending transfer faults that bea
the Caledonian trend are interpreted (Fig. 8). 1
addition a transcurrent fault, which extends froi
the Ymir/Ness Lineament, is located underneat
the south eastern part of the YR that was actiy
until late Early Eocene. In the RB the transcu
rent Fault is located alongside the southern flan
of YR and ends as a listric fault between the DI
and the central part of the YR that was activ
unti] Early Oligocene. The WTRC tilted toward ACknOWECdgmentS
the SE due to thermal cooling of the Thulean Vol Thanks are due to Fugro Geoteam for the use of
canic Line located south of the WTRC and th the commercial 2D digital seismic survey; Land-
mafic laccolithic in the NE Rockall Basin. Fol mark for issuing a software University Grant to
compressional phases, listed below, affected th the IG( and the Jardfeingi for accepting this
complex and caused compressional belts a ong article.

: he_ﬁankq of the ridges and a clockwise

ate Paleocene — Early Eocene: the com-
: plessmnal force has a NE-SW direction
‘and constitutes of three smaller com-
p_ressmna] forces that overall resulted
ina clockwise rotation of the WTRC.
The first compressional force originated
roin the NE may be due to oceanic
preading between the Faroe Fracture
-_dﬁé and the Jan Mayen Fracture Zone
Ctransferring north westwards and iso-
Jated the Jan Mayen microcontinent. This
_fidge transition caused the Jan Mayen
‘microcontinent to rotate anticlockwise.
“Fhe second compressional force originated
from the SW may be due to the seafloor
- spreading between Greenland and Eurasia.
S “The third compressional force originated
* from the NE is a continuation of the first
" compressional force due to the ridge
_transition that caused the anticlockwise
‘rotation of the Jan Mayen microcontinent.
' Tate Eocene: the compressional force that
originated from the NW may be due to the
‘mew continuous spreading axis between
~=the Arctic and NE Atlantic and the rota-
“'tion of the Jan Mayen microcontinent.
i+ Late Oligocene: the compressional force
“ that originated {rom the NW caused a
- reactivation of the clockwise rotation of
- the WTRC.
_ 4. Middle Miocene: the compressional force
* originated from the NW is due to the rem-
nants of the structural adjustment of the
anticlockwise rotation of the Jan Mayen
microcontinent,

- > W
- -~
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