






main factors that was used to define the outline
of the GIFRC. The anomalously thick crust of the
GIFRC is a result of the production of the interaction
between the MOR and the Iceland plume (Fig. 3c)
(White & Lovell 1997; Funck et al. 2014). The
thickest section of up to 40 km-thick crust of the
GIFRC is located in SE central Iceland, right next
to the postulated centre of the Iceland plume area,
and next to the COB boundaries at its eastern and
western extensions (Darbyshire et al. 2000; Allen
et al. 2002; Funck et al. 2014). The average crustal
thickness along the FIR and GIR is estimated to be
about 30 km (Fig. 3c) (Richardson et al. 1998; Hol-
brook et al. 2001). As the GIFRC area is clearly a
region with a thick oceanic crust (Fig. 3c), the
crustal thickness grid data was compared to the
age grid data presented by Gaina (2014). All crustal
thickness grid points within a grid cell of
4000 × 4000 m were assigned a value of the over-
lapping age grid within the GIFRC area. All thick-
ness values were summarized in 1 myr steps since
break-up time. A cumulative graph was generated
showing the cumulative amount of crustal thickness
for each 1 myr step (Fig. 3d).

Crustal thickness variations between 15 and
40 km are observed beneath Iceland (Fig. 3c). This

could be related to changes in magmatic activity
of the MOR–Iceland plume system through time
(Darbyshire et al. 2000) (Fig. 3d). Alternatively,
these could be related to pre-existing complex struc-
tural settings within the subsurface (Fig. 6). Foulger
& Anderson (2005) proposed an explanation for the
increased crustal thickness in SE central Iceland,
suggesting that microplates of older oceanic crust
are submerged beneath that region. Recently, Tors-
vik et al. (2015) also proposed that geochemical
data indicate that fragments of continental crust
are present beneath the SE coast of Iceland, suggest-
ing the presence of a SW extension of the Jan Mayen
microcontinent, with deeply buried fragments under
volcanic rocks. However, there is no evidence of a
distinct lateral velocity anomaly seen in refraction
data for east Iceland (Funck et al. 2014).

The review of seismic reflection profiles in
Figures 5 and 6 show that the IFR is structurally
complex, with multiple examples of old crustal
blocks buried beneath younger subaerial volcanic
sections. This vertical crustal build-up is not just
due to increased magmatism from the ridge–
plume system, but also due to complex structural
events in that area (Blischke et al. 2016). How-
ever, changes in magmatic production and crustal

Fig. 8. 3D view of the Vesturdjúp multibeam data. Cone-shaped seamounts, faults and graben structures can clearly
be seen in the foreground. Part of two table mountains may be seen in the distance. The geographical location is
shown in Figure 2.
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accretion can be seen through time by estimating
the cumulative crustal thickness for each 1 myr
increment across the GIFRC (Fig. 3d). Here, it can
be shown that regional events from break-up at
around 55 Ma through to the present are reflected
in the crustal volume inferred. These include ini-
tial break-up, regional and localized rift jumps,
decreased spreading activity,g and ridge cessation.

GIFRC rift centres and rift relocations

The complexity of the GIFRC appears to be closely
connected to frequent rift jumps. Several rift jumps
are known and documented (Table 3). One specific
example is the Ægir Ridge system that formed dur-
ing the initial opening of the NE Atlantic, with an
initial break-up phase between 55 and 53 Ma, and
was fully established around 50 Ma (Gaina et al.
2009; Gernigon et al. 2015). It propagated from
north to south, spanning the distance between the
IFR and the Jan Mayen Transform Zone (Blischke
et al. 2016). Spreading on the Iceland Plateau rift
took place simultaneously with that on the Ægir
Ridge from 49 to 25 Ma along the Iceland–Faroe
Fracture Zone, before the complete rift transfer
to the Kolbeinsey Ridge system, connecting the
Reykjanes Ridge directly and separating the Jan
Mayen microcontinent from the central East Green-
land coast (Brandsdóttir et al. 2015; Blischke
et al. 2016).

Cessation of seafloor spreading and extinction of
the Ægir MOR system occurred in the Early Oligo-
cene, around 24–21 Ma, coinciding with the activa-
tion of the Kolbeinsey Ridge around anomaly C6b,
or 22–21 Ma (Gernigon et al. 2015), and Iceland
becoming an insular shelf probably due to the
plume–ridge activity (Fig. 3d). Intensive volcanism
and a high lava production rate accompanying the
initiation of the Kolbeinsey MOR led to the forma-
tion of the Iceland Shelf as a volcanic region within
the GIFRC.

The NW Rift Zone is thought to have formed
some 24 myr ago west of the NW peninsula of
Iceland (Harðarson et al. 1997) (Table 4). It was
most likely to have been a direct continuation of
the Kolbeinsey Ridge, forming its oldest and south-
ernmost part. It was active for 8–10 myr until
approximately 15 Ma. Its exact location has always
been speculative, as its manifestations have never
been clear in geophysical potential field data. How-
ever, in seismic reflection data profiles, syncline
structures can be seen (syncline ‘e’ in Figs 2 &
5c). The site is just north of the GIR and is approx-
imately parallel to the 15 Ma time line according to
the geochron model of Gaina (2014). We suggest
that this hypothetical NW Rift Zone, thought to be
found somewhere on the insular shelf off the NW

peninsula of Iceland (Harðarson et al. 1997), corre-
lates with syncline ‘e’, thus confirming this ancient
spreading axis by geophysical data. The seawards-
dipping formations of the NW Rift Zone are nearly
totally submerged below the seafloor, except for
their easternmost extensions, exposed along the out-
ermost coast of the Icelandic Westfjords, where they
form the anticline structure ‘f’ shown in Figures 2,
5c and 9b. A lignite horizon overlies these forma-
tions, representing a 1–1.5 myr hiatus before the
next rift jump and before the onset of the Snæ-
fellsnes–Húnaflói Zone took place (Riishuus et al.
2013) (Figs 2 & 3d).

The Snæfellsnes–Húnaflói Rift Zone formed
approximately 14–15 myr ago by an eastwards
spreading centre relocation from the NW Rift
Zone, and was active for about 8–10 myr (Harðar-
son et al. 2008). This rift zone is present onshore
west Iceland as regional dipping formations that
form a distinct syncline centre line of that rift zone
(Fig. 2). There are two segments of the rift zone
located in Snæfellsnes and Húnaflói, respectively,
which may have been connected by a transform
fault system. The majority of the Icelandic subaerial
Miocene volcanic strata was formed in this rift zone.

The present-day rift zones formed approximately
6 myr ago by relocating active spreading from the
Snæfellsnes–Húnaflói Rift Zone to its present loca-
tion, forming the Western Volcanic Zone (WVZ)
and the Northern Volcanic Zone (NVZ) (Sæmunds-
son 1974, 1979; Jóhannesson 1980) (Figs 2 & 4).
However, the rift zone remained active until about
5 myr ago (Pringle et al. 1997). Separately, the
most recent rift relocation to the Skagafjörður Rift
Zone took place in north Iceland, becoming acti-
vated at 1.7 Ma and forming a temporary rift axis
for about 1 myr (Hjartarson 2003). The East Iceland
Volcanic Zone (EVZ) in south Iceland appears to be
an evolving spreading system (Sæmundsson 1979)
(Figs 1 & 3d). This zone was initiated 2–3 myr
ago, and is slowly propagating to the SE from the
WVZ towards the EVZ, forming a dual-zone rift
system (Einarsson 2008).

Central volcanoes and seamounts

on the GIFRC

Central volcanoes play an important role in the
build-up and structure of the Icelandic volcanic
strata and have been studied intensively (e.g.
Sæmundsson 1979; Harðarson et al. 2008). Very lit-
tle is known about their existence and role within the
submarine areas of the GIFRC. The central volca-
noes of Iceland can be divided into rift zone and off-
rift central volcanoes. The off-rift central volcanoes
often form high and prominent stratovolcanoes
(e.g. Snæfellsjökull and Eyjafjallajökull) (Fig. 2),

THE GREENLAND–ICELAND–FAROE RIDGE COMPLEX 141

 by guest on October 21, 2021http://sp.lyellcollection.org/Downloaded from 

http://sp.lyellcollection.org/


Fig. 9. Schematic cross-section based on an interpreted seismic section and the geological map of Iceland. This section extends from the East Greenland margin, across the
Greenland–Iceland Ridge, Iceland and Iceland–Faroe Ridge and towards the Faroe Shelf. The main purpose of this section is to illustrate in a schematic way the development,
basement dip, and synclines and anticlines across GIFRC based on seismic reflection data (for Section (a) and Section (b) see Fig. 5), surface geology mapping and data
observations (for Section (b) see Fig. 4 and Hjartarson & Sæmundsson 2014), and data modelling (Böðvarsson & Walker 1964).
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in contrast to rift zone central volcanoes that are
lower and more irregular in shape, and many of
them have formed calderas. The lifespan of an
individual central volcano, until it cools down, has
been found to vary from 300 kyr to over 1 myr
(Sæmundsson 1979; Harðarson et al. 2008). The
only known example of an active submarine central
volcano today is the Njörður volcano situated on the
Reykjanes Ridge close to the Icelandic shelf (Hös-
kuldsson et al. 2013).

More than 40 inactive former rift zone central
volcanoes are known in the Neogene formations of
Iceland. They are often deeply eroded, and repre-
sented by acid and intermediate rocks, local cone
sheets swarms, and swarms of regional dykes and
faults (Sæmundsson 1979).

Central volcanoes also exist on the shelf area
all around Iceland (Figs 1, 7 & 8). Several central
volcanoes have been inferred from potential field
data east and west of Iceland, and in some cases
confirmed by dredging (Kristjánsson 1976; Jónsson
& Kristjánsson 1997). They are thought to have
formed subaerially, but have been submerged as
their emplacement area cooled down, while drifting
away from the spreading axis.

Seamounts are defined as isolated topographical
features of volcanic origin, rising from the ocean
floor that did not rise high enough to break through
the sea level and turn into islands. Their height dif-
fers from some hundred metres up to 4000 m. They
follow a distinctive pattern of growth, activity and
cessation, and are generally formed near mid-ocean
spreading ridges, over upwelling mantle plumes
(hotspots) and in island-arc convergent settings
(Staudigel & Clague 2010). Thus, they can give
important clues as to where old rift systems might
have been located in magmatically inactive areas.

Seamount features have been mapped across
the GIFRC area, and north and south of Iceland
(Funck et al. 2014; Gaina et al. 2016). They are
mostly situated on the deep ocean floor on both
sides of the Reykjanes and Kolbeinsey ridges
(Fig. 1). Some are near to the GIFRC but very few
on the ridge complex itself. Possibly the igneous
complexes on the GIFRC were formed subaerially,
partially eroded after cessation and submerged due
to thermal cooling. However, shapely seamounts
have been found close to the ridge complex, specif-
ically on the flanks of east and west Iceland’s
offshore areas (Figs 1, 7 & 8). In the Vesturdjúp
Basin, west of Iceland and just south of the GIR
at around 1200 m depth, a group of small seamounts
has been identified (Figs 7 & 8). Helgadóttir (2012)
has described and discussed these as volcanoes or
mud volcanoes. Most of them are cone-shaped
ridges, but eroded table-like mountains are also
found. Because of these various types of igneous-
complex-like structures, conventional volcanism

appears to be the most likely cause for these fea-
tures. The largest cone rises to around 500 m
above the surroundings, with a diameter of 5000 m.
These seamounts appear to be much less eroded and
younger than the neighbouring ocean floor, and pos-
sibly indicate a flank igneous system or intraplate
volcanism, accompanied by young tectonism with
faults, graben and transverse ridges characterizing
this area (Fig. 8).

Discussion

In order to assess the development of the GIFRC as
an igneous complex within the NAIP, this section
addresses individual key stages that affected the
GIFRC since the break-up of the North Atlantic
(Fig. 3d).

Initial break-up

The GIFRC started to form along with the continen-
tal break-up between Greenland and Eurasia, and
the initiation of the seafloor spreading, 55–53 and
36 Ma, north and south of the GIFRC (Gaina et al.
2009; Gernigon et al. 2015), but not affecting
the GIFRC to a great extent (Fig. 3d). During the
Eocene, the Eurasian and North American continen-
tal margins were located very close to each other
and the plume situated below Greenland, sustaining
a subaerial connection between the two continents,
and forming a land bridge between Greenland and
the Faroes and onwards to the European continent.
This is supported by geoseismic investigations
(Parnell-Turner et al. 2014), as well as palaeobotan-
ical evidence (Denk et al. 2011).

Active rifting north and south of the GIFRC

The first rifting phase (53.36–49 Ma) of the NE
Atlantic after break-up affected the GIFRC area
heavily, with the emplacement of large volumes of
extrusive and intrusive magmatic material building
up the oldest part of the complex (Fig. 3d). During
this phase, overlapping rift systems were active
(Figs 5, 6 & 9) that overlaid older crustal segments
and led to very thick crustal formation from east Ice-
land to the IFR region (Fig. 3c).

Rift orientation and Ægir Ridge transition

Continuous spreading was active in the Reykjanes
MOR system to the south, but rift transfer started
to form from the Ægir Ridge system along the
Iceland Plateau Rift (IPR) corridor south of the
JMMC between approximately 49 and 40 Ma.
This is reflected in crustal accretion of the GIFRC,
with increased magmatic activity between the IPR
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system and the Iceland–Faroe Fracture Zone (IFFZ)
(Blischke et al. 2016) (Figs 1 & 3d). Recent recon-
struction work of the region indicates that the East
Iceland Shelf edge is parallel to the proto-Reykjanes
Ridge location at anomaly C19n (40.32 Ma) (Gaina
2014; Blischke et al. 2016), cutting into the older
crust of the IFR area (Fig. 3c, d).

Decrease in spreading rate along the Ægir

MOR system

The Greenland–Eurasian plate system moved NW
relative to the mantle plume, which was situated
at 35–30 Ma below the Greenland margin (Fig. 1)
(Torsvik et al. 2015). Oceanic spreading was active
along the Reykjanes and the Ægir MORs, but was
gradually slowing down to ultra-slow-spreading
past 30 Ma within the Ægir MOR system (Gernigon
et al. 2015). This also directly affects the GIFRC,
where much lower crustal accretion volume through
time can be observed (Fig. 3d) in connection with
the slowing down of the rift systems. Rift jumps
possibly took place in a westwards direction that
can be seen in the seismic reflection record in
the form of synclines and anticlines along the
Greenland–Iceland and Iceland–Faroe ridges
(Figs 2, 6 & 9).

Ægir Ridge cessation: Kolbeinsey Ridge

insular shelf

Spreading activity along the Ægir Ridge ceased
around 22 Ma (Gernigon et al. 2015) (Fig. 3d) and
seafloor spreading concentrated only along the Kol-
beinsey Ridge from 24 Ma onwards. The process of
establishing a new plate boundary and ultimately the
Kolbeinsey Ridge resulted in the extension of the
Greenland margin situated immediately north of
the Reykjanes Ridge, which led to the final detach-
ment of the Jan Mayen microcontinent (JMMC)
from the central East Greenland margin (Blischke
et al. 2016). The initiation of the Kolbeinsey Ridge,
and the interaction between the Iceland plume and
the newly formed MOR system, led to an increase
in magmatic and volcanic activity along the
GIFRC area, as well as further north along the west-
ern to SW margin of the JMMC.

Recent age models based on palaeomagnetic
chron interpretations of the ocean floor around
Iceland indicate a major hiatus crossing the insular
shelf near the eastern to SE coast (Gaina et al.
2017) that may possibly be identified on seismic
reflection data interpretations (Fig. 5). We suggest
that this hiatus is related to increased magmatic
accretion (Fig. 3d) of the central Iceland region,
with extrusive rock discordantly overlying older
igneous formation and crust, forming a much thicker

crust in that area. The subcrop of this unconformity
boundary is buried beneath thick layers of sedi-
ments, 8–10 km inside the bathymetric shelf break,
according to Jónsson & Kristjánsson (1997), but can
be seen near the anticline ‘m’ in Figures 2 and 5d.
The age of the volcanic rocks at the edge of the
East Iceland Shelf might be 20–24 Ma, which
would correlate to the original opening time of the
Kolbeinsey Ridge system during its initiation. The
age of the underlying volcanic basement for that
section might be around 40 Ma according to the
age model by Gaina et al. (2017) (Fig. 3a), corre-
sponding to a hiatus time span of approximately
16–20 myr.

This increase in magmatic activity, and most
probably thermal uplift of the GIFRC area, created
the insular shelf of proto-Iceland; thus creating a
major hiatus and related unconformity between the
young formations of the Kolbeinsey Ridge and the
older volcanic basement of the IFR and GIR (Figs
5d & 9c). This early stage of the subaerial insular
shelf region is today mostly submerged, but forms
large areas of the insular shelf in the east, west
and north of Iceland.

Miocene: Pliocene rift jumps on Iceland

In the Early Miocene, the mid-Atlantic ridge axis
approached and crossed the location of the Iceland
plume (Harðarson et al. 2008). Since then, the
spreading ridge systems in Iceland have remained
linked to the plume. As the spreading axis moves
away from the central plume location, the rift cen-
tres are periodically recaptured by the plume
through rift-jumping. It has been proposed that a
complete rift cycle for Iceland lasts for at least
12 myr, from initial propagation to extinction
(Harðarson et al. 1997, 2008). The control on rift-
jumping is clearly related to the interaction of the
static mantle plume with the overlying NW-migrat-
ing plate of Eurasia (Gaina et al. 2017). Relocation
of active magmatism towards the plume may simply
be a response to this migration.

As the North Atlantic Ocean widened, the
marginal eastern and western parts of the land
bridge cooled, partially eroded and gradually sub-
merged (Denk et al. 2011), as can be seen as a
base Cenozoic sediment horizon in Figures 5d and
9. This first took place along the eastern area of
the IFR, followed by the western area due to its
proximity to the mantle plume. Palaeobotanical
observations indicate that the latest evidence for
plant migration on land between Europe and Iceland
is dated at around 9 myr ago, and between Green-
land and Iceland around 6 myr ago (Denk et al.
2011). The age of the GIR and the IFR as submarine
areas is therefore less than 10 myr, and the age of
Iceland as an isolated island is approximately 6 myr.
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Conclusions

The Greenland–Iceland–Faroe Ridge Complex
(GIFRC) has been in development since the opening
of the NE Atlantic at around 55 Ma. It appears as a
prominent feature in all geological and geophysical
datasets. Its shape and size can be drawn in slightly
different ways according to the various data sources
available. Despite a small areal outline compromise
between the different datasets, comprising bathy-
metry, gravity, magnetic and crustal thickness maps
along with seismic profiles over the region, all show
the area as an anomalous feature within the oceanic
crustal fabric of the NE Atlantic.

Published synclines and anticlines have been
summarized (Table 3), and several new synclines
and anticlines that were revealed in seismic reflec-
tion data across the GIFRC east, west and north of
Iceland (Figs 2, 5, 6 & 9). Specifically, the offshore
anticlines and synclines may be related to old rift
systems prior the forming of Iceland as an insular
shelf region (.24 Ma). Synclines are suggested
to be manifestations of former rift axes that have
been abandoned by rift jumps. These rift jumps
appear to be more common inside the GIFRC region
than in the ocean basins south and north of the area,
and can also be confirmed by the observation of
cumulative crustal accretion through time (Fig. 3d).

Thus, the GIFRC represents a complex region
of crustal accretion in three dimensions due to over-
lapping rift systems, complex interlinked rift and
transform zones, and several unconformities that
suggest a variable uplift and subsidence history for
the ridge complex. An excellent example to visual-
ize such processes of vertical crustal accretion and
rift jumps is seen in seismic reflection data that
extends along the SW slope of the Iceland–Faroe
Ridge (IFR). They clearly display the internal struc-
tures of basement blocks, separated by a syncline
and younger rift system, and the formation of an
anticline across the deeply buried basement blocks
that are overlain by SDR structures (Fig. 6).

We suggest a major hiatus (from 40 to 24–
20 Ma) and a related unconformity at the boundary
of the volcanic insular shelf edge of east Iceland and
the Faroe Ridge, buried beneath thick layers of sed-
iments, 8–10 km inside the bathymetric shelf break
(Fig. 5d).

We suggest that the hypothetical NW Rift Zone,
thought to be somewhere on the insular shelf off the
NW peninsula of Iceland (Harðarson et al. 1997),
correlates with syncline ‘e’ just north of the Green-
land–Iceland Ridge (GIR) (Figs 2 & 5), parallel to
age line 15 Ma of the geochron model by Gaina
et al. (2017), and thus confirms this ancient spread-
ing axis by geophysical data.

Several seamounts were observed on multi-
beam datasets from the Vesturdjúp Basin west of

Iceland, just south of the GIR at around 1200 m
depth (Figs 2, 7 & 8). Most of them are cone
shaped, but ridges and table mountains are also
found. These seamounts appear to be much less
eroded and younger than the neighbouring ocean
floor, and might indicate a still active flank or
intraplate volcanic zone. Young tectonism with
faults, graben and transverse ridges also character-
ize the area, and most of the volcanic cones are
located along fault plans or/and within the graben
of the Vesturdjúp (Fig. 8), giving a good example
of the complexity of the GIFRC in comparison to
simple ocean-floor areas.
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in the NE Atlantic. In: Péron-Pinvidic, G., Hopper,
J.R., Stoker, T., Gaina, C., Doornebal, H.,
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U. (eds) The NE Atlantic Region: A Reappraisal of
Crustal Structure, Tectonostratigraphy and Magmatic
Evolution. Geological Society, London, Special Publi-
cations, 447. First published online December 14,
2016, https://doi.org/10.1144/SP447.11

Gernigon, L., Blischke, A., Nasuti, A. & Sand, M.
2015. Conjugate volcanic rifted margins, seafloor
spreading, and microcontinent: Insights from new
high-resolution aeromagnetic surveys in the Norway
Basin. Tectonics, 34, 907–933.

Haase, C. & Ebbing, J. 2014. Gravity data. In: Hopper,
J.R., Funck, T., Stoker, M., Árting, U., Peron-
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Helgadóttir, G. 2012. Mud volcanoes west of Iceland.
Hafrannsóknir, 162, 36–39.

Hinz, K. 1981. A hypothesis on terrestrial catastrophes:
wedges of very thick oceanward dipping layers beneath
passive continental margins. Geologisches Jahrbuch,
E22, 3–28.
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