


















occurred when the spreading rates and magmatic
crustal production first decreased and became
highly asymmetrical (Fig. 7). Parnell-Turner et al.
(2014) observed that the Iceland plume fluctuations
are superimposed on a rapidly cooling temperature
structure manifested by a northwards shift from
smooth to rough crust in the Iceland and Irminger
basins. The NE Atlantic oceanic basement mor-
phology model (Funck et al. 2014) and kinematic
history (Gaina et al., this volume, in review) also
show changes at the times of Iceland plume pulsa-
tions, as postulated by Parnell-Turner et al. (2014).
We infer that SOIF formation south of Iceland
occurred as plume activity decreased, but coincided
with a considerable change in plate motion, which
resulted in transtensional motion that allowed local-
ized additional melting along the newly formed
fracture zones and ridge propagators. Interestingly,
recent seismic activity (from ISC catalogue:
http://www.isc.ac.uk); appears to cluster in some
of the SOIF locations (Fig. 6). Apart from the seis-
micity associated with active mid-ocean ridges, we

observed seismic activity in Region I in the proxim-
ity of the SOIF cluster located on Oligocene oceanic
crust, in Region II in the Norway Basin and in
Region IV close to SOIFs situated on Oligocene–
Miocene oceanic crust. A more conservative seis-
mic event catalogue, the EHB Bulletin (http://
www.isc.ac.uk/ehbbulletin), shows much less intra-
plate seismic activity in the southern part of the NE
Atlantic Ocean. Note that the seismic events
extracted from the EHB Bulletin indicate only earth-
quakes with magnitude greater than 3, which
occurred before 2008. We suggest that a link may
exist between seismic events and SOIF distribution,
and indicates that lithosphere weakening due to tec-
tonic activity combined with subsequent volcanic
loading may leave a long-lasting imprint and facili-
tate subsequent crustal deformation.

‘Paired’ SOIFs

Although SOIF formation in all NE Atlantic sub-
basins occurs on conjugate flanks of the same age,

Fig. 8. Plate reconstruction at C6 (19.7 Ma). Background gridded data are the free-air gravity curvature (Sandwell
& Smith 2009) in the grey palette and the spreading asymmetry (colour palette as in Fig. 4). SOIF outlines are in
black; the pink ellipse shows the position of possible paired SOIFs along Reykjanes Ridge at C6 time.
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there are very few ‘paired basement ridges’, which
are volcanic edifices built at mid-ocean ridges
(MORs) and equally split on both flanks by subse-
quent MOR evolution. Vogt & Jung (2005) des-
cribed a series of paired basement ridges in the
North Atlantic realm, including V-shaped ridges
of Reykjanes Ridge, and suggested that small-scale
conjugate ridge pairs are generated by axial mag-
matic centres that are not fixed to a mantle frame.
They also postulate that the magma centres pulsate
at 0.2–1.0 myr intervals and may be active for at
least 1 myr, creating several off-axis ridge pairs.
Among our identified SOIF, we observed two
cases of small-scale conjugate volcanic pairs. Fig-
ure 8 shows the reconstructed locations of one pair
of such conjugate volcanic features at the intersec-
tion between the Reykjanes MOR and a non-offset
fracture zone at approximately 20 Ma. The underly-
ing oceanic crust shows asymmetry on conjugate
flanks (Fig. 8), and was formed at the time when
the seafloor spreading direction changed to clock-
wise and the spreading rate increased (Fig. 7a).
According to the Parnell-Turner et al. (2014), the
model of the Iceland plume pulsation episodes, the
19–20 Ma formation of the paired SOIF along
the Reykjanes axis, coincides with the increase in
mantle plume activity. However, this may only be
a coincidence, as the size and number of paired
SOIF cannot justify a clear link between the two
processes. Changes in plate motion and transten-
sion at the MOR–fracture zone intersection seem
to be a more realistic explanation for the formation
of these small-scale paired SOIFs along the Rey-
kjanes Ridge.

Conclusions

We have inspected the new NE Atlantic database
of oceanic volcanic edifices including seamounts
and igneous centres (abbreviated as SOIFs in this
study) in four different regions situated south and
north of the Greenland–Faroe Ridge. SOIF occur-
rences are distributed differently in the four regions,
but we have identified three distinct ‘pulses’ of
abundant seamount cluster formation. SOIFs on
older oceanic crust (54–50 Ma) are situated on
smooth oceanic basement. If the seamounts were
formed at the time of, or shortly after, seafloor
spreading, then their emplacement coincides with
an increase in spreading rates and higher magmatic
productivity. Large seamounts were formed on the
Rockall plateau and in the Rockall Trough around
52 Ma, and the Iceland plume activity increased at
55 and 52 Ma, which could indicate that the Early
Eocene SOIF formation in the NE Atlantic may
have resulted from higher than usual mantle plume
activity.

The second SOIF group is located on Late
Eocene–Early Miocene oceanic crust of the
Irminger, Iceland and Norway basins. This group
is located on rough oceanic basement, in the prox-
imity of newly formed tectonic features, such as
fracture zones, ridge propagators and V-shaped
ridges. In the Late Eocene, seafloor spreading rates
dropped and the crustal production became highly
asymmetrical. We suggest that the formation of
these volcanic edifices is mostly related to kinematic
changes, which led to local readjustments of MOR
segments and fracture zones. The third SOIF popu-
lation is observed on Mid-Miocene–Present oce-
anic crust, mostly located in the Greenland and
Lofoten basins, but also on conjugate flanks of the
Kolbeinsey Ridge. In addition, these SOIF clusters
are associated with rough oceanic basement and
fracture zones, V-shaped ridges, and ridge propaga-
tors. Early–Mid-Miocene (c. 27 Ma) oceanic crust
registered an increase in spreading rate and mag-
matic productivity, which appears to coincide with
a burst of seamount formation north of the JMFZ.
South of the JMFZ, this activity was delayed until
about 11 Ma, as shown by the higher number of sea-
mounts emplaced on crust of this age and younger.
It is not clear which processes initiated and domi-
nated this third period of SOIF formation, as it
seems that both tectonic/kinematic and magmatic
triggers were present. However, the Early Miocene
relocation of the mid-ocean ridge from the Ægir
Ridge to the Kolbeinsey Ridge, west of the Jan
Mayen microcontinent, may have played a role in
delaying SOIF formation south of the JMFZ.

We note that the identified periods of seamount
production south and north of Iceland and the
Greenland–Faroe Ridge fall within Iceland plume
pulses of higher activity, but not every pulse
resulted in SOIF cluster production. We conclude
that the episodic activity of the Iceland plume, com-
bined with regional changes in relative plate motion,
led to local MOR readjustments that enhanced the
likelihood of seamount and other igneous feature
formation. Further studies aimed at dating the iden-
tified SOIFs will help in understanding the connec-
tion between tectonic and magmatic activity in the
NE Atlantic.
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