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Southeast Baffin volcanic margin and the North American-
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Abstract. Plate breakup over plumes is characterized by the
development of margins showing extensive magma production
both underplated at Moho level and extruded as thick piles of
seaward dipping lava formations. The Disko-Svartenhuk area in
west Greenland is one of the few places in the world with
exposed seaward dipping basalts forming a prism whose
thickness increases seaward. We present a quantitative tectonic
study of this margin, which we tentatively restored in its
geodynamic position during the different stages of plate
separation between Greenland and North America. Our structural
data are constrained with recently published *Ar/*°Ar and new
and coherent “°K/*Ar geochronology in dikes of different
orientations. The first-order structure is that of a tectonically-
driven seaward crustal flexure linked to definitive plate breakup
between Greenland and Baffin Island during the Eocene, coeval
with the formation of the upper part of the exposed seaward
dipping volcanic prism. This flexing is associated with a
significant crustal stretching associated with arrays of
continentward dipping normal faults. This across-strike structure
is correlated to a fundamental along-strike segmentation with the
three “segments” adopting a “zigzag” strike. There 1s a clear
increase of extensional strain at the extremities of the segments.
Eocene extension trended NO60 on average n the northern and
southern segments but was NW trending in the central NE
trending Nugssuaq segment. We discuss the interpretation of such
an extension perpendicular to the different margin segments.
From a regional point of view the N060 extension 1s distinct in
orientation from the approximately N-S trend of plate separation
between North America and Greenland in the Baffin Bay during
the Eocene. However, the extension recorded in the margin 1s
nearly perpendicular to the obliquely spreading Eocene accretion
axis n the Baffin Bay. This latter point suggests a mantle or ridge
control of the development of the margin over regional far-field
lithospheric stress models.
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1. Introduction

Volcanic passive margins commonly form large igneous
provinces (LIPs) [White et al., 1987, Richards et al., 1989; White
and McKenzie, 1989; Hill, 1991; Coffin and Eldholm, 1994;
Eldholm et al, 1995]. When clearly associated with (1) an
abnormally thick adjacent oceanic crust and (2) a hot spot track,
these margins can be related to plate separation over a mantle
plume [Holbrook and Kelemen, 1993; Eldholm et al., 1995].

Volcanic margins differ from nonvolcanic margins in several
key factors. Regarding magmatism, they display (1) large
volumes of extrusives forming prisms of seaward dipping basaltic
flows extruded in subaerial conditions and which are visible as
seaward dipping reflector sequences (SDRS) in reflection seismic
sections [Hinz, 1981; Eidholm, 1991], (2) intense crustal
plumbing by trusions (dikes, sills, hypovolcanic annular
complexes, etc.), and (3) large volumes of “underplated” material
at Moho level, characterized by high P wave velocity [e.g., White
et al., 1987; White and McKenzie, 1989; Coffin and Eldholm,
1994]. Whether or not volcanic margins have undergone
significant crustal stretching and thinning is unclear. In
nonvolcanic passive margins, crustal stretching is usually marked
in the upper crust by arrays of continentward tilted blocks limited
by seaward dipping normal faults [Le Pichon and Sibuet, 1981;
Boillot et al., 1989]. This evidence of stretching is accompanied
by progressive crustal thinning toward the continent-ocean
boundary, until the continental crust has a thickness close to the
“normal” thickness of oceanic crust, i.e., 6-8 km [White et al.,
1987; Le Pichon and Sibuet, 1981; Boillot et al., 1989; White and
McKenzie, 1989]. However, crustal-scale seismic refraction data
and gravity modeling at the continent-ocean transition of plume
related volcanic margins [Bott, 1983; White et al., 1987; Myhre et
al., 1992; Watts and Fairhead, 1997] suggest that the thinned
area is much narrower than at nonvolcanic margins.

At volcanic margins, lavas are erupted both before and during
lithospheric breakup and early oceanic accretion [White and
McKenzie, 1989; Eldholm et al, 1995; Tegner et al., 1998],
therefore crustal stretching should be recorded in the SDRS
themselves and the adjacent sub-horizontal LIP lava flow
sequences. However, the resolution of smaller-scale structures
within the SDRS is usually poor on seismic reflection profiles,
although continentward dipping normal faults have several times
been described inside the SDRS [e.g., Tard et al., 1991; Larsen et
al,, 1994]. In summary, the understanding of plate breakup
mechanisms over plumes remains poor, using offshore
geophysical investigation only. Crucial information may arise
from the study of exposed parts of volcanic margins.

The Paleogene Thulean magmatic province is proposed to be a
consequence of the wide distribution of the Icelandic mantle
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Figure 1. Sketch map of the Brito-Arctic Province during the
Paleocene and products of the Thulean mantle plume. After
Ziegler [1988], deeply modified, AAPGO[1988], reprinted by
permission of the AAPG whose permission is required for further
use. 1, Paleocene sedimentary formations. 2, Oceanic crust
(Cretaceous to Paleocene). 3, Thulean volcanic formations. 4,
Main Paleocene faults. 5, dike swarms.

plume under the Greenland-Europe lithosphere [Upton, 1988;
White and McKenzie, 1989] (Figure 1). Subcontemporaneous
plateau basalts of Paleocene age crop out in Scotland, Faeroes,
and west and east Greenland [Upton, 1988; Tegner et al., 1998]
(Figure 1). Large areas with seaward dipping basalts, comprising
early to breakup-contemporaneous piles of basalts and intrusions,
are notably observed along the North Atlantic plate separation
area [e.g.,White et al., 1987; Myhre et al., 1992; Eldholm et al.,
1995; Larsen et al., 1994]. Because of multistage Tertiary and
Quaternary uplift [e.g., Dam et al., 1998)], seaward dipping
basalts are exposed onshore in east Greenland (from 68° to 70° in
latitude) [e.g., Nielsen, 1975; Nielsen and Brooks, 1981] and also
in west Greenland, from Disko to Svartenhuk [Clarke and
Pedersen, 1976; Geoffroy et al., 1998; Geoffroy et al., 1999]
(Figure 1).

This contribution is a tectonic synthesis of the whole Baffin
Bay flexed margin based, mainly, on unpublished onshore
structural data. Our aim is to elucidate the existence, geometry,
timing, and evolution of crustal extension in an exposed volcanic
margin.

The position of the studied onshore SE Baffin margin in the
kinematic history of plate breakup between Greenland and
Canada has first to be carefully considered.
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2. Geodynamical Setting and Kinematic Evolution
of the Labrador-Baffin Bay System

Lithospheric stretching between the North American plate
(NAM) and Greenland began ~130 Ma [e.g., Chian et al., 1995].
During the Cretaceous a continental rift system existed between
west Greenland and North America from the present-day
Labrador Sea to the northern end of Baffin Bay [Ziegler, 1988;
Whittaker et al., 1997] (Figure 2). Although it looks clear that
definitive plate breakup and oceanization propagated from the
south to the north, the time and location of the onset of formation
of oceanic lithosphere along the Labrador-Baffin axis is a matter
of debate. Roest and Srivastava [1989] and Srivastava and Roest
[1999] inferred that very slow-spreading oceanic accretion began
in the Labrador Sea in the Late Cretaceous (chron 33).
Alternatively, based on seismic data north of the Labrador Sea
and magnetic modeling at the continent-ocean boundary,
Chalmers and Laursen [1995] favored a Paleocene age for the
earlier oceanic spreading (chron 27N). We briefly consider
separately the postulated structure and opening history of the
Labrador Sea, the Davis Strait, and the Baffin Bay (Figure 2).
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Figure 2. Offshore geology of the Labrador Sea-Baffin Bay area.
After Whittaker et al. [1997], modified, AAPG©[1997], reprinted
by permission of the AAPG whose permission is required for
further use. 1, Postulated or proved sedimentary basins. 2,
Transitional crust or oceanic crust. 3, Oceanic crust. 4,
Paleocene-Eocene volcanic formations. 5, Extinct spreading axes
and transform faults. 6, trends of NAM-Greenland separation
between C24 and C13. Rectangle is studied area. B. Bay is Baffin
Bay. L. Sea is Labrador Sea. Note that this map is based on the
Chalmers and Laursen [1995] assumptions of the extent of
oceanic crust in the Labrador Sea, a debatable issue : see, for
example, Srivastava and Roest [1999] for a quite different
interpretation.



568 GEOFFROY ET AL.: SOUTHEAST BAFFIN VOLCANIC MARGIN

2.1. Labrador Sea

Plate 1 displays bathymetric contours (isobaths are 100 m)
superimposed on gridded aeromagnetic data extracted from the
recent compilation of Verhoef et al. [1996]. We both compare
with published surface magnetic data [e.g., Srivastava and Roest,
1999] and crustal seismic profiles [Chian and Louden, 1994;
Chian et al., 1995] in order to investigate the limit between
unextended buoyant continental crust and very thin (6 km)
continental crust [Chalmers and Laursen, 1995], Cretaceous
oceanic crust [e.g., Srivastava and Roest, 1999], or else extremely
thin (< 2 km) transition crust [Chian et al., 1995].

The Labrador Sea basin is clearly associated with linear
marine magnetic anomalies of -150 to +150 nT, symmetric on
either sides of the ridge axis (Plate 1). The continental slope
(depth between 500 and 2000 m) 1s marked by a pronounced
negative (from -150 to -600 nT) magnetic anomaly, which can be
followed continuously along the western margin of the Labrador-
Baffin system (arrows in Plate 1). This magnetic anomaly cannot
easily be related to oceanic accretion process as oceanic accretion
was not simultaneous along the whole system [e.g., Srivastava
and Roest, 1999].

We did not perform advanced modeling to explain this
anomaly. Several explanations could explain it, but all of them
suggest that the anomaly marks the continent-ocean boundary in
the Labrador-Baffin system. A first hypothesis would be an edge
effect associated with the strongly magnetized adjacent
continental shelves (Plate 1). The aeromagnetic fabric of
unextended continental crust on the continental shelves displays
quite a particular signature with alternating positive and negative,
circular or elliptical magnetic anomalies from -1000 to 600 nT.
These intensities are high when compared to intensities of the
oceanic basin and may partially reflect a shallower location of the
magnetic bodies. However, our preliminary simple modelling
suggests that this depth effect does not overcome 50% of the
observed signal. It is thus possible that part of the negative linear
anomaly reflects the edge effect of the high-intensity shelves but
this explanation fails in explaining (1) the apparent continuity of
the anomaly and (2) its clear existence at the southeast of the
Baffin Island, where the shelf has a moderate positive
magnetization.

Another explanation, which we favor, is that this anomaly
marks the existence of transitional crust. This interpretation of the
magnetic signal could imply (1) initial “plate breakup” occurred
during a period of reversed polarity (hence chron 33R?), (2)
magnetized source displays a Koenisberger ratio (Q) largely
superior to unity (i.e., remanent component dominates induced
component of magnetization). The transitional crust is often
regarded as an intimate association of blocks of brittle crust in a
matrix of denuded serpentinized peridotites resulting from
extreme lithospheric thinning and stretching [e.g., Boillot et al.,
1989; Chian and Louden, 1994; Brun and Beslier, i996].
Serpentinization of peridotites results in the formation of
secondary magnetite (see Toft et al. [1990] for a review). As a
consequence, most serpentinized peridotites bear high induced
and/or remanent magnetizations [e.g., Bina et al., 1990; Hamano
et al., 1990; Nazarova, 1994). The observed negative magnetic
anomaly along the Labrador-Baffin conjugated margins may
therefore reflect the presence of serpentinized peridotites.
However, dikes 1njected in the transitional crust may also account

for the observed negative magnetic anomaly. East of Greenland,
Schlindwein and Jokat [1999] demonstrated using deep seismic
profiles that a quite similar strongly negative linear anomaly
could be interpreted as magmatic underplate during the North-
Atlantic breakup. Whatever the magnetic source 1s (i.e.,
serpentinized peridotites, dikes swarm, magmatic underplate, or a
combination of both), the observed magnetic anomaly probably
marks the early plate breakup boundary. It will hereinafter be
designed as OCBMA (ocean-continent boundary magnetic
anomaly). Marine magnetic anomalies are observed inside the
Labrador basin between the two OCBMAs of the western and
eastern margins (Plate 1), so we infer OCBMA could be used as a
guideline for plate reconstruction in the basin.

The foot of the steep continental slope, which is quite close to
the west-Greenland coast (Plate 1) [Chian and Louden, 1994],
marks a reliable imit for the Greenland and NAM plate breakup
boundary in the central and southern Labrador Sea only. As seen
hereinafter, the bathymetry is dominated north of the Labrador
Sea by Tertiary transpression and by crustal thickening by mantle
plume products.

The southern Labrador Sea is dissected by transform-like
faults clearly displaying two trends, N60°-70°E and N20°-30°E
[Kristoffersen and Talwani, 1977; Roest and Srivastava, 1989,
Chalmers and Laursen, 1995; Whittaker et al., 1997] (Figure 2).
According to Roest and Srivastava [1989] the former system
would represent the true oceanic transform faults of the
Cretaceous Labrador spreading axis from chrons 33 to 24. For all
authors the N20°-30°E trend is clearly associated with the Eocene
(C24) to Oligocene (C13) oceanic opening of the Labrador Sea
[Kristoffersen and Talwani, 1977; Roest and Srivastava, 1989,
Chalmers and Laursen, 1995], thus reflecting a major change of
position of the Eulerian pole between Greenland and NAM plates
at the time of the C25-C24 transition (see Figure 3). Note, in the
free-air gravity map of Plate 2, that the northern part of the
extinct Labrador Sea rift is distinguishable (arrow), trending
approximately N125°E. Thus, as in the southern Labrador Sea
[Roest and Srivastava, 1989; Srivastava and Keen, 1995], this
extinct axis was not perpendicular to the nearly N-S trending
C24-C13 local transform faults (Figure 2 and Plate 2)
demonstrating that seafloor spreading was oblique during this
period, along this axis.

2.2. Davis Strait

At the Davis Strait, Baffin Bay is separated from the Labrador
Sea by the “Ungava sinistral transform-fault system” (Figure 2,
Plates 1 and 2) [Srivastava, 1978; Srivastava et al., 1981; Klose
et al., 1982]. The crustal composition and complex structure
(Plate 2) of this bathymetric ridge are poorly constrained. Early
petroleum exploration (deep drilling and geophysics) [Klose et
al., 1982], as well as further investigations [Chalmers et al.,
1995], showed that most of this area was covered with lavas of
Paleocene age (Figure 2). Srivastava et al [1982] have suggested
that the Davis Strait was not a true transform fault until the
Paleocene but, rather, was a sinistral transtensional opening axis.

A clear Eocene transpression is expressed in the Davis Strait
[Klose et al., 1982; Chalmers et al., 1995]. This transpression and
the apparent pattern of rotated (?) crustal blocks in the Davis
Strait (Plate 2) could be explained by the reworking of this early
transtensional system during the anticlockwise change in trend of
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Plate 1. Mixed aeromagnetic [Verhoef et al., 1996] and Etopo5 bathymetric map (in meters) of the Labrador-Baffin
area. White arrows are OCBMA (ocean-continent boundary magnetic anomaly) on the western side of Labrador
Sea, Davis Strait, and Baffin Bay (see text).
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opening of the Labrador Sea-Baffin Bay axis at the Paleocene-
Eocene transition (see Figure 3). The OCBMA is expressed on
both sides of the Davis Strait, especially on its western side,
where it is nicely continuous with the magnetic anomaly
observed in the Labrador Bay and Baffin Bay. As will be seen in
the section 2.3, closing the whole system according to the two
distinct trends of NAM and Greenland plate separation since the
Late Cretaceous makes this magnetic anomaly coincident on both
sides of the Davis Strait. This outlines an obvious conclusion, i.e.
that the Davis Strait has never been a large transform fault (as
shown in Figure 2) but, rather, a simple N10° trending bend of
the Labrador Sea-Baffin Bay opening axis, probably inherited
from a pre-Phanerozoic basement discontinuity. Whether this
bend was accommodated by several small transform faults or else
was acting as a highly oblique spreading axis is a question to
investigate for a full understanding of this area.

2.3. Baffin Bay

Baffin Bay is certainly floored by Tertiary oceanic crust [see,
e.g., Jackson et al., 1979; Rice and Shade, 1982], although its
precise extent remains unmapped. Interestingly, a previously
unrecognized extinct rift axis can be identified immediately north
of Davis Strait in Plate 2 (arrow), parallel to the northern
Labrador extinct spreading axis (lower arrow in Plate 2). This
axis seems to join approximately NS trending Baffin-Bay
transform faults immediately to the north and south (Figure 2 and
Plate 1). The precise age of the Baffin Bay oceanic crust is still
unknown. The similarity between the magnetic anomalies in the
Baffin Bay and the central Labrador Sea (Plate 1), as well as the
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identical approximately NS trend of the transform faults in the
northern Labrador Sea and in the Baffin Bay that affect the C24-
C13 seafloor (Figure 2) are striking. It seems to us very probable
that since the early Eocene, the Baffin Bay acted as the northern
termination of the northwestward propagating Labrador oceanic
rift. Note that the Eocene oceanic spreading had a greater
component of sinistral opening in the Baffin Bay than in the
Labrador Sea taking into account the position of the Eulerian pole
between Greenland and NAM during the Eocene (see Figure 3).
Along Baffin Island, south of 72°N, the OCBMA 1s coincident
with the continental slope, while it is not the case at the east of
the Baffin Bay. Possibly the OCBMA there, up to 73°N, is
covered by both inversely and normally magnetized Paleocene-
Eocene basalts. Oligocene sediments (C13 age) overlying all
structures both in the Labrador Sea and in the Baffin Bay fix an
upper time limit to plate separation between Canada and
Greenland [Chalmers and Laursen, 1995; Whittaker et al., 1997].

2.4. Kinematic Interpretation

The sketch maps of Figure 3 present a hypothesis for the plate
limits and kinematic development of the Labrador-Baffin Bay
system during the two major stages of evolution, pre-Eocene and
Eocene-Oligocene. These reconstructions are based on our own
recalculations of the Eulerian poles using the orientation of
transform faults, not only in the Labrador Sea [e.g., Kristoffersen
and Talwani, 1977; Roest and Srivastava, 1989], but also in the
Baffin Bay. In addition to transform faults we used, in the south
Labrador Sea only, the anomaly 33 as possibly marking the early
axis of breakup [e.g., Roest and Srivastava, 1989; cf. Chian et al ,

C24-C13

78

Figure 3. Sketch kinematic reconstructions of NAM-Greenland separation during () C31-C26 and (b) C24-C13
periods, NAM plate fixed. Transform faults and Plate 1 are used to constrain the reconstruction (see text for
explanations). Eulerian poles, 73°N, 79°W (Figure 3a) and, 50°N, 125°W (Figure 3b). Thick continuous black line
is possible positions of the continent-ocean boundary relative to NAM at different chrons. Black arrow is oceanic
tift propagation. Arcs are small circles from transform faults.
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1995, Figure 2]. Our reconstruction is certainly not the definitive
one for this complex area, and significant improvements shall
notably occur when the crustal structure and nature of the Baffin
Bay and Davis Strait become better constrained. Note, however,
that the a posteriori fitting of the OCBMA on both sides of the
opening axis is quite good usimg this reconstruction.

The important point is that although there is large uncertainty
in the location of the OCBMA southeast of the Baffin Bay, the
Disko-Svartenhuk area was certainly located front and north to a
bending of the Baffin Bay axis during the Paleogene (period C24-
C13). As seen hereinafter, this bending had strong effect on the
along axis structure of the exposed margin.

3. Disko-Svartenhuk Area and the Thulean Plume

An extensive amount of onshore [Clarke and Pedersen, 1976)
and offshore [Klose et al., 1982; Chalmers et al., 1995] Tertiary
basalt is known in the Baffin-Bay/Labrador-Sea area,
representing, probably, a total volume of up to 300,000 km’
[Graham et al., 1998]. Basalts crop out from Disko to Svartenhuk
(Figure 4) as well as in Baffin Island (Cape Dyer; Plate 2). They
form prominent piles of volcanic breccias, tuffs and lavas (up to
5-7 km in thickness locally, 2 km on average) [Clarke and
Pedersen, 1976; Storey et al., 1998)]. South of the area, the
extrusion of basalts apparently occutred in two steps [Storey et
al., 1998]: 2 km of early Paleocene olivine-rich breccias and
flood basalts were emitted in ~ 1 m.y. followed, 5 m.y. later, by
the extrusion of, at the least, a 2-km-thick lava pile (-52 Ma)
[Storey et al., 1998] corresponding to the W-Nugssuaq outcrops.
North of the area, in Ubekendt-Ejland and Svartenhuk, the
stratigraphy and petrology of the lowermost part of the tholeiitic
volcanic series resembles the Paleocene-in-age Mg-rich
formations of the southern area. The remaining thick volcanic
pile could be analogous in age with the Eocene basalts of the
southern area. The large volumes of picritic magmas in the initial
products [Clarke and Pedersen, 1976] suggest melting from an
anomalously hot mantle. This aspect, as well as He isotope
composition [Graham et al., 1998], suggests an origin through
the partial melting of a primitive mantle. As the west Greenland
early basalts are similar in age to the east Greenland lower series
[Hitchen and Ritchie, 1993; Tegner et al., 1998] and to basalts
from the British Tertiary Igneous Province [Hitchen and Ritchie,
1993], they have long been proposed to be associated with the
melting of the head of the early Icelandic mantle plume (Figure
1).

The early Paleocene breccias overlie a thick formation of
Cretaceous to Early Paleocene sediments, predominantly deltaic,
with marine affinity increasing northward (Figure 4). This
sedimentary basin has a complex rift-like structure [Chalmers,
1991], which is still poorly constrained in the Disko-Svartenhuk
area. However, north of 73°N, the horst and graben structure of
the Melville Bay basin (Figure 2) [Whittaker et al., 1997] may
illustrate the structure of the partly masked Disko-Svartenhuk
basin. Along Greenland, both the Melville and Disko-Svartenhuk
basins are separated from the Precambrian basement by a
complex of large down-to-the-west normal border faults (Figure
4). Most of the major faults active during the Mesozoic-early
Paleocene rifting are blanketed by the plume-associated lavas.
This important observation means that extension in the exposed
basin stopped or else mostly shifted oceanward during the early

Paleocene, as the area suffered an important uplift (> 500 m),
perhaps correlated to the plume impact [Dam et al., 1998].

We shall not consider anymore, in this paper, the detailed
structure of the Mesozoic sedimentary basin which developed
before the plume impact and decompression. In this paper, we are
especially concerned with the existence, location, amount and
orientation of extension coeval with the plume melting and with
the successful breakup between North America and Greenland
during the Tertiary period. As seen hereinafter, a real volcanic
margin developed during the Paleogene, with a distinct geometry
relative to the previous sedimentary rift. A major aim of this
paper is to describe the evolution of this volcanic margin along
the 300 km long Disko-Svartenhuk area, north of the Davis Strait
(Figure 2).

We conducted three field summer expeditions in W-Greenland
(1995, 1996, 1997) collecting more than 4000 quantitative
tectonic and volcano-tectonic measurements, as well as numerous
rock samples, in order to constrain the tectonic development of
this margin during the Paleogene breakup between NAM and
Greenland.

4. Structure and Construction of the West
Greenland Volcanic Margin

We shall first consider the first-order structures affecting the
exposed margin to better define its general geometry. However,
these major structures do not provide key indications such as the
trends of extension during the development of the margin.
Therefore, in a second stage, we shall present a more detailed
quantitative tectonic study giving some keys to understand the
tectonic and kinematic evolution of this margin.

4.1. First-Order Structures and Margin Segmentation

4.1.1. Across-strike structure. From northern Disko to
Upernavik the western coast of Greenland is characterized by the
major oceanward flexure of a thick pile of basalts of Paleocene-
Eocene age (Figure 4 and Plate 3) [Henderson, 1973]. As seen
hereinafter, the axis of this west Greenland flexure varies in trend
along-strike. One has to constrain the time and space
relationships between this flexure and the inland horizontal traps
in order to interpret the flexure geodynamically.

In the inland area (Figure 4 and Plate 3) the basalts were
extruded subaerially during the Paleogene with an uniform
horizontal geometry, often filling the topographic relief inherited
from the Late Cretaceous rifted topography [Geoffroy et al.,
1998; Geological Survey of Greenland, 1993). Extension coeval
with volcanism is marked by conjugate normal and strike-slip
faults with small throws [Geoffroy et al., 1998] (Plate 4a). Few
larger normal faults displace the lower part of the basalts with
hectometric-in-scale throws. The upper basalts cancel them in
most cases. All of them develop at the emplacement of the large
Mesozoic faults of the sedimentary basin that they thus slightly
reactivated during the Paleocene.

In the whole Disko-Svartenhuk area, the sharp transition from
inland subhorizontal plateau basalts (Plate 4a) to coastal flexed
basalts (Plate 4b) clearly defines an across-strike oceanward
strain gradient (Figure 4 and Plate 3) [Geoffroy et al , 1998]. The
Ubekendt and south Svartenhuk coasts are the best places to
define the geometry and evolution of the west Greenland coastal
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Plate 2. Satellite-derived free-air gravity map [Sandwell et al., 1994] of the Labrador Sea and Baffin Bay (B. Bay)
area. Arrows indicate the location of the Labrador Sea and Baffin-Bay extinct spreading axes. 1, Possible Riedel-
type sinistral faults limiting crustal blocks (two of them are underlined by a thin white line). 2, Limit between
transitional-type crust and continental crust, after Chalmers and Laursen [1995]. 3, Cretaceous continent-ocean
transition, after Srivastava and Roest [1999]. D, Disko. N, Nugssuaq. U.E., Ubekendt Ejland. S, Svartenhuk. C.D.,
Cape Dyer.
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Plate 3. (left) Detailed tectonic analysis of lava beds, dikes and normal faults. (right) Structural map of the Disko-
Svartenhuk area showing the three main margin segments and indicating the main strain gradients. Stereograms are
lower hemisphere Schmidt projection of poles of lava beds. 1, Normal faults: a, strike; b, trend of dip, ¢, trend of
plunge of slip-vectors on faults; d, dip of faults; e, pitch of fault-slip vectors. 2 and 3, lava beds and dikes, showing
f, strike; g, trend of dip and h, dip. 4, 5 and 6, across-strike strain gradients (4, flexure gradient over 1.5 °/km; 5,
between 1 and 1.5 °km; 6; below 1 °/km). 7, along-strike flexure gradient. 8, tabular stratigraphy (average dip <
2°). 9, approximate inland limit of synvolcanic crustal flexure. 10, magmatic intrusive center. 11, postulated
intrusive center from gravity and petrological data. 12, major faults in basalts. 13, sites of measurements. 14, trend
of Greenland-NAM plates separation. 15, trends of regional (large arrow) and local (small arrow) extension in the
Disko-Svartenhuk area.
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Figure 4. Geological map of the Disko-Svartenhuk area. After Clarke and Pedersen [1976] and Dunham [1974],
strongly modified. 1, Late Cretaceous-early Paleocene sedimentary formations. 2, Lower basalt formation
(Paleocene). 3: Upper basalt formation (Paleocene-Eocene). 4, Major sill. 5, Granophyre intrusion. 6, Precambrian
basement. 7, Volcanic neck. 8, Strike and dip of lavas. 9, Interpreted fault. 10, Mapped Fault. 11, Onshore limit of

the exposure of Cretaceous Basin.
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Figure 5. Schematic interpretation of the 3 D structure of the west Greenland volcanic margin at the scale of the
Svartenhuk segment only. This figure is based on the interpretation of Geological Survey of Greenland geological
maps [Geological Survey of Greenland, 1993] constrained by our field observations. An identical pattern is
proposed for Ubekendt-Ejland and NW Disko, although the large continentward fault controlling the inland flexure

is probably located offshore.

flexure (Figure 4 and Plate 3), as the hinge line of the flexure is
too close to the coastline in Disko and Nugssuaq to get a full
appreciation of its across-strike structure. Everywhere, stretching
coeval with the coastal flexure and with the outburst of the upper
part of the volcanic pile was significantly greater than in the
inland plateau basalts, although still poorly quantified (Plate 3). A
number of medium-scale (throws > 30 m; Plate 4b) or smaller-
scale continentward dipping faults (Plate 4c) accommodate the
seaward flexure [Munther, 1973; Dunham, 1974; Geoffroy et al.,
1998, 1999]. Several major continentward dipping normal faults
(with vertical throws > 0.5 km) are observed or inferred, often
expressed in the topography by valleys or fjords. The existence of
hidden major continentward-dipping normal faults, subparallel to
the axis of the flexure is geometrically necessary to explain (1)
the high dip of the flexured lavas [Munther, 1973] (Figure 4 and
Plate 3) and (2) the frequent increase in the dip and cumulative
thickness of lava flows and projections near the valleys, which
suggests syntectonic control of extrusion and deposition of the
lava and tuffs. Concerning the flexured lavas, an average dip of
25° for the lava pile in southern Svartenhuk would lead, if there
were no normal faults, to a thickness of more than 9 km of
basalts, probably twice as much as the actual value [Munther,
1973]. Small angles (< 10°) local angular discordances are
common in the lava pile. The bottom to top decrease in dip of the
lava formations is everywhere the rule along the studied profiles,
suggesting fan-like geometries. The discordance angles that we
observed are always open seaward and often close to the main
faults in valleys. Also, hectometric- to kilometric-scale frequently
asymmetric grabens can be recognized locally in the lower and

intermediate parts of the lava pile. These are filled with
syntectonic volcano-sedimentary deposits and then covered
discordantly by lavas or tuffs, secondary tilted seaward. In
Svartenhuk (Figure 5) the continentward throw of the largest of
the faults, the Arfertuarssuk fault (Figure 4), exceeds 2 km (our
deduction and T.C.R. Pulvertaft, personal communication, 1999)
(Plate 3). This fault controls the flexure of its hanging wall on the
cast, for a distance of more than 50 km, with lava dips reaching
up to 40° (Figure 5). Interestingly, the throw along this major
fault (as well as along the largest other continentward dipping
faults) decreases northward as does the average dip of the basalts
(Figures 4 and 5). A less pronounced flexure is observed west of
the Arfertuarssuk fault (Figure 5).

4.1.2. Along-strike onshore structure. The exposed Baffin
Bay eastern margin is segmented along its length into a “zigzag”
structure. This pattern resembles the “zigzag” pattern of the
OCBMA (Figure 3).

From south to north, the exposed coastal flexure strikes NW to
N-S in Disko, NE in western Nugssuaq, and NW from Ubekendt-
Ejland to Svartenhuk (Figure 4 and Plate 3). The straight
Nugssuaq NE trending segment has an intrusive center at each
end, the Ubekendt-Ejland center [Clarke and Pedersen, 1976;
Whittaker, 1996] and the postulated NW-Disko centre [Clarke
and Pedersen, 1976] (Plate 3). Lamprophyres and volcanic necks
at the NW part of Disko have provided young ages (37 and 27
Ma, respectively) [Storey et al., 1998]. This indicates’a long-term
persistence of magmatic activity at the location of igneous
centers, much after the main lava extrusion, as is commonly
observed throughout the Thulean Province [e.g., Hitchen and
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Plate 4. (a) Example of tabular stratigraphy of the inland basalts of Disko Island (Mellemfjord). Note the existence
(arrows 1 and 2) of newly formed conjugate normal faults or shear joints with nonsignificant throw. (b): Seaward
dipping flows 1n the coastal flexure in southern Svartenhuk (SW on left, NE on right) and example of a low-dipping
continentward dipping fault, nearly perpendicular to the lava beds. The down-slip throw of ~40 m is indicated by
the displacement of the level associated with arrow 1. This fault follows an older dike (arrow 2), which we infer was
tilted after an early stage of injection during crustal flexing. (c): Detail of a continentward normal fault in south
Svartenhuk, which we infer was initiated with a 60° dip before the westward flexing of the lava pile and was then
tilted to low angle by the westward flexing. 1, displaced lava bed; 2, fault plane; and 3, small-scale conjugate
normal faults inferred to be tilted and steeped from an initial dip to the west at ~ 60°.
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Ritchie, 1993]. In W-Nugssuaq, the NE trending segment
includes the steeply NW dipping Itivdle normal fault (see section
4.1.3.; Figure 4 and Plate 3).

The dips of the oceanward flexure increase along strike toward
the two igneous centers (Plate 3). This pattern defines first-order
longitudinal strain gradients (Plate 3).

4.1.3. Offshore structures in the basalts. Early petroleum
exploration [Dunham, 1974] and recent multifold reflection
seismic mvestigations in the southern Baffin Bay [Whutaker,
1996] provided preliminary results about the offshore structure of
southern Baffin Bay.

From Disko to Ubekendt-Ejland the margin is bounded by a
fault system (Figure 2) trending NS offshore Disko to N35°E
offshore Nugssuaq and NW west of Svartenhuk, subparallel to
the coastal flexure. The faults recogmzed offshore through
reflection profiling along the Disko coast and affecting the basalts
have both continentward and seaward dips [Whittaker, 1995;
1996]. One of these faults, west of Disko, is a major seaward
dipping NS trending structure (see its expression in the free-air
gravity map, Plate 2) [Chalmers et al., 1999]. All of the offshore
faults offset the top of the basalts and are coeval to part of the
marine sedimentary section located over the basalts. These faults
postdate the faults which were synchronous with and controlled
the construction of the onshore-exposed seaward-open volcanic
prism (see discussion by Geoffroy et al. [1999]) (e.g., Figure 5).
They seem (1) post magmatic and (2) tentatively associated with
the readjustments of the volcanic pile during its posttectonic late-
Eocene to Oligocene thermal subsidence. Some of these faults
probably reactivated larger faults blanketed by the basaltic pile,
inherited from the Cretaceous rift system or the Precambrian
basement.

Onshore, in west Nugssuag, the westward dipping Itivdle fault
(Figure 4) is often considered as the onshore continuation or a
branch of the largest seaward dipping discontinuity observed west
of Disko. It parallels the trend of the west-margin OCBMA in the
Davis Strait area, so we suggest it probably corresponds to an old
discontinuity reactivated during the Mesozoic and the Cenozoic.
Note that the coastal flexure is seaward (i.¢., westward) from this
fault in Nugssuagq.

The internal attitude of the offshore lava pile is unknown from
seismic reflection due to the too strong reflectivity of the top of
the lavas (see discussion by Geoffroy et al. [1999]). Therefore no
seaward dipping basalts analogous to SDRS could be recognized
offshore, immediately west of the sharp coastal flexure. This may
also mean that the conspicuous onshore coastal flexure either (1)
ends up close to the coastline or (2) is blanketed by more recent
subhorizontal lavas [Geoffroy et al., 1999]. The “intrabasement
reflections” in Rice and Shade’s [1982] Figure 15 probably
correspond to eastward dipping SRDS facing the Disko-
Svartenhuk half-margin, in continuity of the Cape Dyer
volcanics. Similar conjugate westward dipping SDRS have not
yet been formerly recognized i the Disko-Svartenhuk basin but
probably exist.

The timing and orientation of flexing and extension during the
plate breakup between North America and Greenland across and
along this Paleogene margin will be addressed in section 5
through quantitative study of smaller scale structures.

5. Tectonic and Magmatic Extension
During the Flexing of the Margin

5.1. Data Collection

We present a statistical analysis of the orientation at all scales
of normal faults (including slip-vector orientation), as well as
basaltic dikes and lavas from the three margin segments: (1) the
Disko segment, (2) the Svartenhuk-Ubekendt Ejland segment,
and (3) the Nugssuaq segment, west of Itivdle fault (Figure 4 and
Plate 3). The Disko data reported in Plate 3 were already
discussed by Geoffroy et al. [1998].

Normal faults dominate in number and amount of
displacement in the Nugssuaq-Svartenhuk area (~1200 faults).
We also measured the orientation of up to 630 minor strike-slip
faults (slip-vectors with pitches lower than 45°) as well as
numerous hydrothermal veins. The vein geometries resemble the
geometry of dikes to be described and will not be discussed
further. As previously remarked in Disko by Geoffroy et al.
[1998], most of the strike-slip faults are (1) very minor structures
with throws not exceeding 10 cm and (2) linked to normal
faulting through simple ¢1/62 principal stresses permutations, a
common occurrence in extensional volcanic areas [Geoffiroy et
al., 1994]. As the observed strike-slip faulting had no obvious
effects on the tectonic development of the area, we shall not
consider anymore its meaning in the present paper.

5.2. Tectonic Extension and Flexing of the Margin

The data on normal faults reported in Plate 3 include fault-
strike, trend of dip of faults, azimuth of slip-vectors, fault dip
values and pitch of slip-vector on fault planes [cf. Angelier,
1989]. All data come from the coastal flexed area and not from
the tabular area. Also reported in Plate 3 are the orientations of
lava flows and dikes.

Note that although basaltic lavas sometimes present intensive
thermal jointing, the great majority of minor faults (with 1 cm to
5 m throws) in basalts (~ 70%) were newly formed faults, cut the
joints, and exhibit a simple Andersonian conjugate pattern (Plates
4a and 4c). In the other cases, inherited joints (or faults)
apparently presenting the best orientation with regard to the stress
tensor were recruited. Larger faults (with displacements over §
m) commonly are along older dikes (and in this case are
subperpendicular to the lava bedding; see Plate 4b). Some of the
larger faults correspond to the continentward dipping faults of
early conjugate systems since tilted by a later stage of margin
flexure, the other one (seaward dipping) aborting (Plate 4c).

Analysis of the structural data (Plate 3) can be summarized as
follows:

1. In each of the three segments most of the normal faults
strike subparallel to the local axis of the flexure. This could
suggest that the extension was everywhere subnormal to the
flexure, independently of its orientation. In more details, in the
northern segment and in Disko the component of lateral shear on
dip-slip normal faults is nearly identically sinistral or dextral
(compare stereograms ¢ and a of the north and Disko segments).
However, the sinistral components seem to dominate in the west
Nugssuaq Eocene-in-age basalts. This latter aspect is indicated by
the trend of plunge of slip-vectors, which are dominantly E-W
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(stereogram c, central segment, Plate 3), whereas normal faults
trend NNE (stercogram a, central segment, Plate 3). This
component of oblique tectonic extension in west Nugssuaq
basalts is moderate, < 20° in amplitude. The Itivdle fault is
associated with a significant vertical Palacogene throw (> 2 km
according to all published studies). The Eocene E-W to NW-SE
trend of extension in west Nugssuaq is slightly oblique on the
perpendicular to the trend of this fault. This apparent obliquity
was probably responsible for a slight component of sinistral shear
on the inherited fault plane during the Eocene functioning.

2. The asymmetry in dip direction of the normal fault planes
(Plate 3b) and in the trend of plunge of slip-vectors (Plate 3c)
slip-vectors being considered as parallel to shear stresses on fault
planes [see Angelier, 1989], marks the importance of the
continentward dipping shear inside the flexure. This also outlines
a common field observation for the larger faults, i.e., the rotation
(and flattening) of early newly formed faults (and steepening of
conjugate partner faults) as a consequence of the margin flexing,
in a direction opposite to the tilt of lava flows. This is especially
true in the northem margin segment where most of the faults
were observed in the older, Paleocene flows, which are the most
tilted.

5.3. Magmatic Dilatation

5.3.1. Dike swarms parallel to the axis of margin segments.
A dike swarm parallels the axis of the coastal flexure, whatever
its local trend (Plate 3f) [Geoffroy et al., 1998]. The magmatic
extension associated with this swarm is mostly normal to the axis
of the flexure, that is, parallel to the dominant direction of
extension by normal faulting. Magmatic dilatation does not
exceed 2-5% in average on the exposed area.

If one considers (1) that noninherited dikes are analogous to
mode-] fractures and (2) that the vertical lithostatic pressure is
one of the principal stresses in the upper crust, dikes are thought
to inject vertically. Most of the dikes dip opposite to the dip
direction of the tilted lavas (Plates 3g and 3h). These opposing
dips for the dikes compared to the lavas suggest that vertical
dikes were 1njected early in the flexure development and were
passively tilted during the margin flexing. Field observations
show that a majority of dikes are perpendicular to tilted beds as if
tilted from vertical during flexure. Other dikes show smaller
deviation from vertical than the dip of the beds and are
interpreted as having been injected vertically during the
incremental steps of margin flexing, so they are less tilted. In
Plate 5 the reddish dikes parallel in strike to the lava beds were
injected vertically when the flexure had already a ~10° dip to the
southwest and were passively tilted 5°-7° seaward, whereas the
flexing continued. Identical conclusions were reached in Disko
[Geoffroy et al., 1998]. This analysis suggests that vertical dikes
were emplaced throughout the flexing of the margin, most of
them before any tilting of early tabular lavas and during the
following flexing increments. Therefore dike geometry confirms
the result from angular discordance in the lava pile that the W-
Greenland coastal flexure is synmagmatic. The preceding
reasoning is based on vertical and horizontal principal stresses in
the crust, a conclusion of many in situ measurements [e.g.,
Engelder, 1993]. It should not be forgotten, however, that
important stress modifications are known to occur inside flexures
at all scales, such as extensional stresses plunging toward the dip

of the flexure [Jaeger and Cook, 1969]. Such stresses are strongly
controlled by the unknown erosional topography at the time of
flexuring. However, oblique stresses during flexuring would not
change the above conclusion that the flexure is synmagmatic.

5.3.2. Dikes oblique to margin flexing. Two dike swarms are
recognized in the Disko area, striking approximately NS and
NW-SE, probably reflecting two separate trends of extension
[Geoffroy et al., 1998]. In addition, in the Svartenhuk NW
trending margin segment (Plate 3), dikes in a subsidiary swarm
strike ENE, perpendicular to the main swarm (Plate 5). This
across-strike dike swarm in the northern part of the west
Greenland volcanic margin deserves particular attention. This
swarm indicates inflation in a NNW-SSE or NS direction of
transtension. Up to 5% extension has been locally estimated from
this across-strike swarm. Although some subparalle]l normal
faults and strike-slip faults are mechanically consistent with this
dike intrusion, magmatic extension seems to predominate over
tectonic extension in the NS trend. Magma overpressure normal
to dike walls [e.g., Pollard and Segall, 1987] may increase the
magnitude of the minimum horizontal stress leading to an
interchange in the horizontal plane between 63 and 62 in a N-
type stress regime. This new stress regime may lead to magma
fracturing in a perpendicular direction. However, in Svartenhuk,
the distance between dikes seems too large to interpret the two
swarms as mechanically associated.

Because dikes parallel to the coastal flexure were injected
throughout its evolution, dating these dikes represents a
convenient way to date the flexing itself. In addition, the two
main dike swarms in southern Svartenhuk may reflect very
different trends of magmatic extension, approximately trending
NE-SW and N-S. We therefore concentrated our study on the
analysis of these two swarms and investigated their relative and
absolute ages.

5.3.3. K-Ar dating of the two generations of dikes. In the
field the NW trending dike swarm both crosscuts and is crosscut
by ENE trending dikes. Such relationships suggest a
contemporaneous injection of the two sets of dikes. Our dating
experiments focused on five basaltic dikes of the southern coast
of the Svartenhuk penmnsula (Figure 4). Results are tabulated in
Table 1. Two of these samples belong to the N50-70 striking dike
generation (GR24, GR6b), three come from the N130-150
generation (GR11la, p4,82). These dikes are aphyric, all
displaying a dolentic texture with mterlocked clusters of
plagioclase microphenocrysts set in a groundmass of very fine
grained olivine, plagioclase (+ clinopyroxene), and disseminated
opaques. Alteration of olivine into iddingsite + chlorite (both in
groundmass and rare relict microphenocrists) is ubiquitous and
well developed in all samples analyzed. Plagioclase appeared the
least altered phase in all samples examined and was selected for
K-Ar dating. Nearly pure mineral separates were obtained by
crushing and sieving to 150-180 pm, with density separation and
further magnetic separation to remove primary olivine- and
plagioclase-hosted opaques and other stained alteration phases.
No acid etching was applied prior to Ar analysis. Between 30 and
300 mg of plagioclase separates were dissolved in diluted HF +
HNO3, and the evaporated residues dissolved with CICs in
deionized water for triplicate K analysis by atomic and flame
emission spectrophotometry. The argon isotopic composition and
abundance were determined in duplicate by the unspiked
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Table 1. K-Ar Dates of Basaltic Dikes (With Orientations) Belonging to the Two Swarms From Svartenhuk

Sample  Geographic Mass, g K, wt % Ar** % Ar*?1x10"% atom/g ~ Age +1o,Ma
Orientation
GR24 N64°E,85°S 0.30130 0.064£50 27606 03776 55.0+2.7
- 0.60289 24.8+0.4 0.36 £ 6.7 53.7x27
GR6b N72°E,75°S 0.30117 1.852+3.5 726+20 10.88+5.1 554+19
- 0.09976 712+£57 11.07+5.1 564+£20
GRlla NI152°E,66°E 0.30015 0259+45 57.7+0.2 1.50+54 545+24
- 0.36761 549+01 152+£5.2 553+2.5
B4 N127°E,78°N 0.06079 1.594+ 1.0 34002 915£54 54.1+£0.6
- 0.30008 371401 9.19+5.1 544 +0.6
82 N117°E,72°N 0.05257 1362+1.3 17059 7.89+5.9 547208
- 003730 153+£1.3 794+£03 55008

‘Ar¥, radiogenic Ar

technique [Gillot and Cornette, 1986] without further treatment
of the separates. Ages are reported at 1 ¢ and were calculated
using recommended isotopic abundances and decay constants
[Steiger and Jiger, 1977). The K content of the different
separates varies by a factor of 30 between 0.064% (sample
GR24) and 1.85% (GR6b), the low K abundance (and associated
poor precision) being the primary source of uncertainty in most
age determinations.

Our five ages cluster around 54.6 + 0.6 Ma (mean and standard
deviation of the pooled mean) and are statistically not resolved
within their individual error limits. Our pooled estimate for these
samples (54.6 Ma) is fully consistent with the “’Ar/®°Ar ages
determined on two N-S and NW-SE trending basaltic dikes from
Disko and Nugssuaq that yielded concordant flat release spectra
at 53.6 £ 0.5 Ma and 54.8 + 0.5 Ma (external errors rounded to
1%) [Storey et al., 1998].

Our K-Ar results are consistent with relative chronology
evidence, suggesting that the different generations of dike
emplacement occurred within a very short interval around 54.6 +
1.5 Ma, that is, lower Eocene, during chron 24 [Cande and Kent,
1995]. As Table 1 shows, the dikes trending N130-150 (i.e.,
parallel to the axis of the flexure) were formed early in the
flexure evolution as they present a continentward tilt similar in
amplitude to the local seaward dip of lavas. We can thus affirm
that most of the crustal flexing postdates these ages, that is, is of
Eocene age. Our data further demonstrate that the two
contemporaneous trends of magmatic extension in Svartenhuk
can be temporally related to the major plate reorganization at the
C25-C24 boundary.

As (1) the NW-SE trending dikes are mechanically consistent
with the major tectonic extension recorded by faults and the
seaward flexure and (2) NW trending late Eocene dikes are also
known in Ubekendt-Ejland [Storey et al., 1998], we conclude that
the main structuring regime was a NE-SW to locally EW
extension throughout the Eocene along the Baffin Bay volcanic
margin.

6. Discussion and Conclusion

We can infer important and new conclusions about the
development of the west Greenland volcanic margin over the
Thulean mantle plume. We shall focus, in this conclusion, on two
major points: (1) the four-dimensional structure of the margin
(spatial evolution through time), and (2) the relationships
between margin deformation, plate kinematics, plume activity,
and early oceanic accretion in the Baffin Bay.

6.1. Margin Structure

During the early part of the Eocene epoch (C24), the west
Greenland coastal area flexed seaward during the extrusion of the
Eocene part of the plume-related basaltic pile (Figures 6a and
6b). Perhaps the flexure began as early as the late Paleocene, but
if so the flexing rate was much slower then. As shown by the
tilting of along-strike dikes, a sudden increase of crustal flexing
occurred probably during the extrusion of the uppermost 2 km of
Eocene basalts i.e. at the possible time of complete plate
separation and earliest oceanic accretion between North America
and Greenland (note also that according to Storey et al. [1998] an
angular discordance is known at the base of the postulated
Eocene series in Ubekendt-Ejland). The Disko-Svartenhuk
margin as a whole seems to typify what is observed at any scale
in the exposed area (from outcrop scale to 100 km in length of
cross section): The synextension and synmagmatic crustal flexing
of the margin was accommodated by continentward dipping
faults progressively tilted and inactivated (blanketed by
volcanics) as the flexure developed seaward (Figure 6b). The
west Greenland flexure mimics remarkably the east Greenland
tectonic flexure, which also exposes, along the coastline,
stretched seaward dipping basalts associated with continentward
dipping normal faults [e.g., Nielsen, 1975; Nielsen and Brooks,
1981; Neuhoff et al., 1997). Geoffroy et al. [1998, 1999] have
proposed that the Greenland onshore-exposed seaward dipping
basalts presented strong analogies, although in continental
domain, with offshore SDRS whose intemnal structure remains
enigmatic. Analogous continental SDRS-like prism (or “seaward
dipping volcanics”, SDV, as in Figure 6b) with clear rollover
geometry and continental-dipping faults has also been identified
offshore in the Aden Gulf {Tard et al., 1991]. Similarly, Barton
and White [1997, Figure 6] also describe fault-controlled internal
SDRS prism in continental domain at Edora Banks in the North
Atlantic. Margin internal SDRS are imaged in Namibia at the
edge of the Africa craton at the top level of a transitional-type
igneous crust [Baer et al., 2000]. Note, finally, that the analogy in
structure between the Greenland internal continental SDRS-like
prism and SDRS prisms at the continent-ocean boundary in
Norway seems strikingly identical from unpublished commercial
data (L Gernigon et al., personal communication, 1999),
suggesting a common mode of emplacement and deformation. It
is hypothetically suggested by Geoffroy et al. [1999, Figure 5]
that the west Greenland margin at the latitude of Svartenhuk-
Ubekendt Ejland is made of two magmatic-infilled rollover
anticlines controlled by continentward dipping shear zones
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Figure 6. Three distinct steps in the development of the seaward coastal flexure (view looking north). (a) Paleocene
stage with magmatic extension dominating tectonic extension. Only conjugate normal faults are associated with this
stage. Local grabens infilled with lake deposits of hyaloclastites developed during the earlier Paleocene. (b) Late
Paleocene (?) to Eocene stage of sudden flexing associated with both the intrusion of some dikes during the flexing
and, above all, large horizontal stretching through mainly continentward dipping normal faults. Late Eocene
postmagmatic subsidence of the offshore area and possible associated slight reactivation of Mesozoic faults are not
represented. (c) Schematic 3-D tectonic organization of the west Greenland volcanic margin at the latitude of the

postulated Ubekendt-Ejland “soft-point”. No faults are represented. ((a) and (b) are reprinted from Geoffroy [2001]
with permission from Elsevier Science.)
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extending to the probable Baffin Bay oceanic crust. In fact, a
duplex organization of seaward flexures whose ages decrease
westward is suggested in westernmost Svartenhuk, where tilted
basalts are found oceanward of the main fault controlling the
observed coastal flexure (Figure 5). Note, however, that the deep
offshore structure south of Baffin Bay remains largely enigmatic
although Dunham [1974] first postulated the existence of offshore
SDRS.

The along-strike segmentation and strain gradients recognized
along the west Greenland volcanic margin (Plate 3) suggest a
complex 3 D organization of the margin with an apparent strong
control of the geometry of the margin by the two magmatic
centers of Ubekendt-Ejland (Figure 6¢) and NW-Disko. The
long-lived Ubekendt-Ejland igneous center (Figures 4 and 6¢ and
Plate 3) persisted after plate breakup and basaltic lava extrusions
[Clarke et al., 1983], as in many other similar Thulean-related
central complexes [Hitchen and Ritchie, 1993]. It marks a
“melting point” at depth, as both dike injection and cumulative
thickness of basalts (Figure 5) culminate over it. These centers
can be inferred to mark the location at depth of small-scale
mantle diapirs cross-cutting the lithosphere [Thompson, 1982,
Rohrman and Van der Beek, 1996; Geoffroy, 1998]. The location
of the two centers near the ends of the inherited Itivdle fault is
unlikely to be fortuitous. In the Hebrides part of the British
Tertiary Igneous Province, the early Tertiary igneous centers are
also located along the projection tracks of the largest subvertical
faults inherited from the late Caledonian, such as the Great Glen
Fault [e.g., Vann, 1978]. The increase of margin extension and
thickness of volcanic prism toward the west Greenland centers is
of prime interest (Plate 3). We propose that these igneous centers
and therr probable deep melting diapir played a fundamental
rheological role during plate breakup. They would act as “soft
points” focusing extension toward them (Figure 6c¢). These
melting areas could also be the feeders of part, at least, of the
SDRS-like volcanic prisms through lateral injection of magma in
dikes [Geoffroy, 2001]. This would explain both the along-axis
segmentation as well as extension nearly perpendicular to the NE
trending segment. This segment was oblique to the extension
which was trending NE-SW to EW. A very similar pattern for the
coastal flexure can be observed along the east Greenland volcanic
margin, where the coastal flexure is regionally “bent” along its
axis, over a distance of up to 200 km, toward the major
Kangerdlussuaq igneous complex (including the Skaergaard
intrusion) with a clear increase of the intensity of the flexure
toward the igneous center. Simmlarly, there is in eastern
Greenland a clear increase of the flexure and of the magnitude of
tectonic and magmatic extension toward other magmatic centers
extending southward of the Kangerdlussuaq area (Myers [1980];
our observations during two summer field campains in east
Greenland during 1998 and 1999). We recently performed a 4-
layers in-extension continental lithosphere modeling including
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