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Abstract: The crustal seismic velocity model (based on receiver functions) of Ellesmere Island
and the structural geological cross-section of Ellesmere Island, both documented and discussed
elsewhere in this volume, are here integrated into a crustal-scale transect crossing all the main tec-
tonic domains. The velocity model satisfies much of the observed gravity field, but implies minor
modifications with potentially important implications for characterizing the lower crust over the
transect. The crust of the Pearya Terrane includes a high-velocity and high-density lower crustal
body, suggested to represent a mafic underplate linked to the emplacement of the High Arctic
Large Igneous Province. A similar body also lies directly beneath the Hazen Plateau, but this is
more likely to be inherited from earlier tectonic stages than to be linked to the High Arctic
Large Igneous Province. A large-scale basement-involving thrust, possibly linked to a deep detach-
ment of Ellesmerian age, lies immediately south of the Pearya Terrane and forms the northern
backdrop to a crustal-scale pop-up structure that accommodates Eurekan-aged shortening in north-
ern Ellesmere Island. The thickest crust and deepest Moho along the transect are below the Central
Ellesmerian fold belt, where the Moho is flexured downwards to the north to a depth of about 48 km

beneath the load of the structurally thickened supracrustal strata of the fold belt.

Piepjohn & von Gosen (this volume, in press and
references cited therein) have summarized the
results of their field seasons of mapping in this
volume and elsewhere. Concurrently, the Elles-
mere Island Lithosphere Experiment (ELLITE)
broadband passive seismological array has been
deployed on Ellesmere Island (Stephenson et al.
2013) and the receiver functions computed from
the recorded teleseismic data have been used by
Schiffer et al. (2016) to produce, for the first time,
a two-dimensional velocity model of the crust of
Ellesmere Island, crossing the strike of the Palaeo-
zoic Ellesmerian Orogen with its overprinted Eure-
kan (Cenozoic) structural elements. The latter has
been expanded in this volume and linked with
other geophysical data on and around Ellesmere
Island to infer maps of the Moho depth, the thick-
ness of the supracrustal (meta) sedimentary layer
and, from these, the thickness of the crystalline
crust for Ellesmere and Axel Heiberg islands
(Schiffer et al. 2017). The locations of the structural
cross-section segments and the crustal velocity

structure profile are shown on Figure 1, which
also provides a regional geological map of the
study area.

In this paper, the velocity model of Schiffer ez al.
(2016) is used as a base for a density model of the
gravity field of Ellesmere Island. The resulting
model is then integrated with the geological cross-
section of Piepjohn & von Gosen (this volume, in
press) to provide a crustal-scale integrated geologi-
cal—geophysical two-dimensional model of the
crust of Ellesmere Island. The geometries of the
geophysical models are compared with the mapped
kinematics of upper crustal deformation to make
inferences about how the crustal structure of Elles-
mere Island has been formed by the tectonic events
recorded in the geology. In turn, the integrated
crustal and shallow depth information may indicate
if and how the crustal structure — of which at least
some is older than the Cenozoic — has controlled
or defined the peculiarities of Eurekan deformation
and its relationship with Ellesmerian and older tec-
tonics (e.g. Heron ef al. 2015).
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CROSS-SECTION OF ELLESMERE ISLAND

Geological setting

The northern continental margin of the North Amer-
ican plate on Ellesmere Island consists of four major
structural or sedimentary units (Fig. 1). Subsequent
to intense deformation and metamorphism in the
Precambrian, northern Ellesmere Island and north
Greenland were affected by the Palaeozoic Elles-
merian Orogeny and Cenozoic Eurekan deformation
(e.g. Thorsteinsson & Tozer 1957, 1960, 1970;
Stuart Smith & Wennekers 1979; Trettin 1991a).

The first and oldest unit (Unit 1; Fig. 1) is formed
by Precambrian crystalline crust of the ancient
Laurentian proto-continent, now exposed in the
Greenland—Canadian Shield (e.g. Frisch 1983). In
the southern part of the area covered by the crustal
transect, the crystalline basement is in places over-
lain by clastic sedimentary rocks of the Mesoproter-
ozoic Thule Basin (e.g. Dawes 1976; Frisch 1983).

Unit 2 (Fig. 1) comprises what is thought to be
an exotic crustal fragment, the Pearya Terrane, in
the northern part of Ellesmere Island (Schuchert
1923). This terrane is characterized by a different
pre-Early Carboniferous evolution from the north-
ern margin of Laurentia and consists of Precambrian
basement rocks, metamorphosed Neoproterozoic to
Palaeozoic sedimentary rocks and Palaeozoic volca-
niclastic rock units (e.g. Trettin 1991b; von Gosen
et al. 2012). The Pearya Terrane was affected by
the mid-Ordovician M’Clintock Orogeny, evidence
of which is absent elsewhere along the transect. It is
thought to have docked to the northern Laurentian
margin during the Ellesmerian Orogeny (e.g. Klaper
1992; Mayr et al. 1994; Piepjohn et al. 2000, 2013),
although Hadlari et al. (2014) suggested that it may
have originated as a fragment of Laurentia that had
earlier been rifted away and was only ever separated
from Laurentia by a deep marine basin rather than
an oceanic domain.

The crystalline and sedimentary rocks of Unit 1
are overlain by the >8 km thick Neoproterozoic
to Devonian succession of the Franklinian Basin
(Stuart Smith & Wennekers 1979; Dewing et al.
2004), which formed the northern passive continen-
tal margin of Laurentia during that time. The Frank-
linian Basin (Unit 3; Fig. 1) can be divided into a
southern shelf sequence and a northern deep water
sequence (Stuart Smith & Wennekers 1979). The
shelf sequence is characterized by a heterogeneous
succession of fine- and coarse-grained clastic

sediments, evaporites and limestones, whereas the
deep water sequence is dominated by fine-grained
sediments and monotonous turbidites (e.g. Trettin
et al. 1991). These deep water sediments of Unit 3
south of the Lake Hazen Fault Zone and north of
the Archer Fiord Thrust Zone (Fig. 1), forming the
Hazen Plateau, are deformed by NE-SW-trending,
tight folds with subvertical axial planes. This
belt was called the Hazen Fold Belt by Trettin
(1991a, b) or the Hazen Stable Block by Okulitch
& Trettin (1991), a term that was later adopted by
Oakey & Stephenson (2008) in discussing the grav-
ity field of the area.

The evolution of the Franklinian Basin was ter-
minated by the earliest Carboniferous with the for-
mation of the Ellesmerian Orogeny (Thorsteinsson
& Tozer 1970); it consists of a >350 km wide
fold—thrust belt with kilometre-scale anticlines
and synclines and subordinate thrust zones (Piep-
john & von Gosen, this volume, in press). The Elles-
merian fold—thrust belt on Ellesmere Island is most
probably underlain by a deep-seated detachment
(Harrison 2008; Piepjohn et al. 2008).

The Sverdrup Basin (Unit 4; Fig. 1) formed after
the end of the Ellesmerian Orogeny, starting in the
Carboniferous with the deposition of clastic sedi-
ments on top of the eroded, deformed and folded
Franklinian Basin deposits (Thorsteinsson & Tozer
1970). Carboniferous to Lower Triassic sediments
of the Sverdrup Basin overlie the different rock
units of the Pearya Terrane, strongly supporting
the docking of Pearya against the Franklinian
Basin prior to this time. The Sverdup Basin contains
up to 16 km of Carboniferous—Upper Cretaceous
and Palaeogene rocks (e.g. Balkwill 1978; Embry
& Beauchamp 2008).

The development of the Sverdrup Basin termi-
nated in the Eocene (Ricketts & Stephenson 1994).
The northern margins of Ellesmere Island and
Greenland, the western margin of Spitsbergen and
the region along Nares Strait (comprising the Kane
Basin and Kennedy Channel within the area seen
on Fig. 1) were affected by a complex system of
compressional and strike-slip tectonics related to
the opening of the Labrador Sea and Baffin Bay,
the north Atlantic Ocean and, eventually, the Eur-
asian Basin (e.g. Tessensohn & Piepjohn 2000; Niel-
sen et al. 2007; Oakey & Chalmers 2012; Piepjohn
et al. 2013). Eurekan deformation probably took
place for the most part in Eocene times, when

Fig. 1. Geological map of north-central Ellesmere Island subdivided into Units 1 -4 (Precambrian to Palaecogene;
crystalline basement through uppermost sedimentary strata of the Sverdrup Basin). The map shows the main
structures of the Palacozoic Ellesmerian Orogeny (blue) and Cenozoic Eurekan shortening (red) and locations of the
geological transect segments (red double lines; cf. Piepjohn & von Gosen this volume, in press) and projected
crustal velocity transect (blue double line; cf. Schiffer & Stephenson this volume, in press), the former projected
onto the latter in this paper. Numbers on the latter refer to the geological transect segments discussed in the text and
seen on Figure 2b. Ice-covered regions onshore have a light grey fill.
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Greenland was a separate plate surrounded by active
spreading ridges in the Labrador Sea—Baffin Bay
and the north Atlantic Ocean. Eurekan deformation
likely took place for the most part in Eocene times,
when Greenland was a separate plate surrounded
by active spreading ridges in Labrador Sea/Baffin
Bay and the north Atlantic Ocean with transform
fault systems connecting them west and east of
Greenland with the Eurasian Basin (Lepvrier 2000;
Tessensohn & Piepjohn 2000; Piepjohn et al. 2016).
Shortening took place across Ellesmere Island, in
particular NW of the Lake Hazen Fault Zone (Fig.
1), which is a zone of SE-directed regional thrusting
of Eurekan age (Higgins & Soper 1983; Klaper 1990;
Piepjohn et al. 2007), and in the Central Ellesmerian
fold belt, SE of the Archer Fiord Fault Zone (Fig. 1),
which is a zone of SE-vergent regional thrusting of
Ellesmerian age reactivated during the Eurekan
(Piepjohn et al. 2008; Piepjohn & von Gosen this
volume, in press). After Eurekan deformation, the
common tectonic development of North America
and Europe terminated and Europe and North Amer-
ica drifted into their present positions.

Crustal velocity and density model

The two-dimensional velocity model of Schiffer
etal. (2016) was used as a starting point for a density
model of the crust of Ellesmere Island in which dif-
ferent principal crustal features along this two-
dimensional profile were tested against observed
gravity anomalies. Figure 2a shows the initial model
(blue, lower panel) and the observed gravity (black,
upper panel) and topography (green, lower panel)
along the profile. The gravity and topography pro-
files were averaged within 40 km wide swathes and

Table 1. Velocity ranges inferred from receiver
functions by Schiffer et al. (2016) and respective
densities based on these for the layers used in the
gravity modelling (Fig. 2)

Layer Lithology Velocity ranges  Density
(kms~)  (kgm~3)
1 Sediments V<26 2400
Vp <45
2 Metasediments  V c¢. 2.6-3.1 2690
Vpc. 4.5-5.5
3 Upper crust Vic. 3.1-3.6 2770
Vpc. 5.5-6.2
4 Lower crust Vs c. 3.6-3.9 2920
Vpc 62-7.2
5 High-velocity V. 3.9-4.2 3100
lower crust Vpe. 7.2-7.1
6 Upper mantle Vg > 4.2 3300
lithosphere ~ V,, > 7.7

five parallel profiles, 10 km apart and centred on
the profile location shown on Figure 1, were sampled
from the NRCAN gravity database. More details
about the distribution of gravity data and other par-
ticulars, as well as maps of the gravity and topogra-
phy, can be found in Oakey & Stephenson (2008).
Schiffer et al. (2016) described a classification
of S-wave and P-wave velocities to link seismic
velocities with lithologies. The velocities were
subdivided into layers representative of sediments,
metasediments, upper crust, lower crust, high-
velocity lower crust and mantle lithosphere (cf.
Table 1). The transitions between different layers
are diffuse and flexible rather than rigid bound-
aries as a result of model uncertainty and the natural
overlap of velocities of different lithologies.

Fig. 2. (a) Lower panel: the initial (blue) and final (red modifications) crustal density models, based on the crustal
velocity model of Schiffer & Stephenson (this volume, in press) and averaged topography in a 40 km wide corridor
centred on the projected location of the crustal velocity model (green line; scale 500% of depth scale). Yellow
triangles show the projected locations of ELLITE seismic stations along the profile. Circled numbers refer to model
layers as listed in Table 1 and numbers adjacent to these are model layer densities in units of kg m™>; respective
seismic velocity ranges determined from receiver functions (e.g. Schiffer ef al. 2016) for each layer are in Table 1.
Upper panel: gravity signatures of the initial and final crustal density models (blue and red dashed lines,
respectively) compared with the averaged observed gravity in the 40 km wide corridor along the profile (solid black
line). (b) The geological transect segments (Piepjohn & von Gosen this volume, in press) projected onto the crustal
velocity model (cf. Schiffer & Stephenson (this volume, in press)), here modified according to the final density
model shown in part (a). In the geological transect, browns represent Neoproterozoic—Cambrian strata, blue and
(minor) reds Ordovician—Silurian and Devonian strata of the Franklinian Basin and green Carboniferous and
younger strata of the Sverdrup Basin. Model layers in the crustal geophysical transect correspond to those in Table 1
as indicated by circled numbers on the legend. The boundary between the ‘sedimentary’ layer and the immediate
underlying ‘metasedimentary’ layer in the velocity and density models is shown by a dashed line. The lower
crystalline crust includes high-velocity and high-density bodies (layer 5) beneath segments 1 and 3 (and partly 4),
indicated by the greener brown colour. Labelled segments along the model are discussed in the text. As in Figure 1,
blue fault labels indicate Ellesmerian structures and red Eurekan structures. Faults and detachments shown as black
lines within the crust and overlying (meta) sedimentary successions are purely interpretive, except where they are
mapped at the surface (cf. Piepjohn & von Gosen this volume, in press). Abbreviations: AFFZ, Archer Fiord Fault
Zone; BP, Bache Peninsula; LHFZ, Lake Hazen Fault Zone; PBF, Petersen Bay Fault; PGT, Parrish Glacier Thrust.
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Schiffer & Stephenson (this volume, in press) used
this classification to construct a structural —litholog-
ical interpretation of the two-dimensional velocity
model, the geometry of which is used in this study.
Each of the lithologies and corresponding velocity
ranges were assigned a constant, representative den-
sity value (Table 1), resulting in a two-dimensional
crustal density model. Densities were chosen on the
basis of standard relationships and to be similar to
velocity —density assignments from other published
studies nearby, particularly Funck er al. (2011)
and Oakey & Saltus (2016). The two-dimensional
model is extrapolated by 150 km at both ends of
the profile seen in Figure 2a and also fills the volume
within 400 km in both directions perpendicular to
the profile to avoid edge effects and to obtain a
2.5-dimensional gravity response. The topography
along the swath profile is shown on Figure 2a (green
line, with a 500% exaggerated scale compared with
depth). This curve gives some representation of how
the topography varies along the profile: high in the
Pearya Terrane and northern Franklinian Basin
(to km 180) and in the Central Ellesmerian fold
belt (km 250-380); subdued between these in the
Hazen Plateau (km 180-230) and in the cratonic
southern part of the profile (beyond km 380).
Averaging over a 40 km wide corridor distorts this
picture slightly, given the presence of glacially
eroded fiords, which are not always parallel to the
regional geological strike (Fig. 1).

The gravity signature of the initial model
was computed using IGMAS+ software (Schmidt
et al. 2010) and is indicated by the blue line in
Figure 2a. The model was then adjusted to produce
the effect indicated by the red line, which is consid-
ered to be an acceptable fit to the observed gravity,
given the smoothing of the observed data and the
degree of extrapolation and regional nature of the
initial velocity model. The modifications made to
the initial model to achieve the final fit seen in
Figure 2a, and the relevant considerations in impos-
ing them, are described in the following text.

The most significant modification addresses
that fact that the initial velocity—density model
does not satisfactorily replicate the gravity high
that characterizes the Hazen Plateau, both in terms
of amplitude and spectral composition. Oakey &
Stephenson (2008) modelled this anomaly in greater
detail (but still at a regional scale), incorporating
the inferred supracrustal sedimentary geology of
the adjoining Central Ellesmerian fold—thrust belt
proposed by Harrison & de Freitas (2007). They
concluded, on the basis of both wavelength and
amplitude, that high-density, near-surface sedi-
ments as well as a deeper, anomalously dense source
were required to explain this anomaly. They sug-
gested a shallow Moho, but could not rule out
intruded or underplated (ultra)mafic rocks in the

lower or middle crust. In keeping with these infer-
ences, shallow as well as deep modifications to the
initial model were required in the present study to
obtain a reasonable fit with the observed gravity
field. First, the sedimentary layer was thinned, in
part to near-zero, in the area where, in the initial
model, it was mostly interpolated between ELLITE
seismic stations (km 190-260). This is appropriate
given the deep water lithofacies and degree of de-
formation and metamorphism of these rocks (e.g.
Piepjohn & von Gosen this volume, in press). Sec-
ond, the receiver functions in this area clearly indi-
cate the presence of a high-velocity lower crustal
layer above the Moho (Schiffer e al. 2016); its exis-
tence is robust in this context and the resolving
capabilities of the receiver function models allow
its thickness to be increased by several kilometres
to match the observed gravity.

Minor modifications were made to the high-
velocity lower crustal layer in the northern part of
the model (slightly increasing its thickness, with
the same argumentation as outlined for the Hazen
Plateau; cf. Schiffer e al. 2016) and at the metase-
dimentary layer—crystalline basement layer boun-
dary (minor change to its geometry from km 60 to
about km 110, within the resolving capability of
the velocity model on which the initial density
was based). The effect of these changes on the com-
puted gravity field was small and may be considered
as aesthetic rather than necessary. Supplementary
minor changes at the sedimentary layer—metasedi-
mentary layer boundary, outwith the resolving capa-
bility of the velocity model or the known surface
geology, could easily provide a fit to the distinctive
feature in the observed gravity at km 60—90. Minor
modifications were also made near the southern end
of the profile. These are also mainly aesthetic; the
goal was to flatten the positive gradient to the
south and to suppress the too-high computed gravity
south of km 420.

Integrated geological and crustal velocity
model: discussion

Figure 2b shows the combined structural transect of
Piepjohn & von Gosen (this volume, in press super-
imposed on the crustal structure model modified
from the seismic velocity model of Schiffer et al.
(2016) to fit the regional gravity anomalies. This
460 km long NNE—-SSW crustal transect through
northern and central Ellesmere Island is discussed
in terms of five major segments, following the divi-
sion introduced in Piepjohn & von Gosen (this vol-
ume, in press).

The northernmost Segment 1 (Fig. 2b) is repre-
sented by the composite Pearya Terrane (Unit 2;
Fig. 1), which consists of Mesoproterozoic gneisses
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and metasediments and Neoproterozoic to Palaeo-
zoic metasediments in the vicinity of the crustal
transect (cf. Mayr & Trettin 1996). Its southern
boundary, at the Petersen Bay Fault (Fig. 2b), is con-
sidered to be the boundary between the (exotic)
Pearya Terrane and crust of the autochthonous Lau-
rentian continent (e.g. Trettin & Frisch 1987; Klaper
& Ohta 1993; Piepjohn et al. 2013; Piepjohn & von
Gosen this volume, in press) and is expressed as a
SE-vergent thrust fault of Ellesmerian Orogeny
age (although it may also have been an older struc-
ture reactivated at this time; for greater detail, see
Piepjohn & von Gosen this volume, in press), which
carried the Pearya basement towards the SSE
onto Early Palaeozoic turbidites of the Franklinian
Basin. This zone was reactivated as a (mainly, but
not exclusively, dextral) strike-slip fault system dur-
ing the Eurekan in the Palacogene (as indicated on
Figure 2b) and the crustal character as a whole dif-
fers across it.

There is strong evidence from the geophysical
modelling of a high-velocity, high-density lower
crustal body beneath Segment 1 (and possibly the
northernmost part of Segment 2) and it is likely
that this body represents a crustal underplate linked
to High Arctic Large Igneous Province (HALIP)
magmatism in the contiguous Arctic Ocean (the
Alpha Ridge; cf. Dgssing et al. 2013). Both Anudu
etal. (2016) and Estrada et al. (2016) have explicitly
linked the widespread occurrence of Cretaceous and
Palacogene magmatic bodies exposed in this area
(as well as those inferred by both research groups
within the upper crust) to HALIP and, indeed, the
nearest seismic refraction velocity model in the
area also presents a high-velocity lower crust
(Funck et al. 2011; cf. Schiffer & Stephenson this
volume, in press for location) comparable with
what was inferred in Segment 1 from the ELLITE
receiver functions (Schiffer er al. 2016).

Segment 2 on Figure 2b, between the Petersen
Bay Fault and the Lake Hazen Fault Zone, is charac-
terized by large Ellesmerian fold structures with
subvertical fold-axial planes and by Eurekan thrust-
ing (Piepjohn & von Gosen this volume, in press).
There is a fairly abrupt deepening of the top crystal-
line basement in the northern part of Segment 2 (c.
km 70-80). Based on this and the general preva-
lence of SSE-directed structures of Ellesmerian
age or older in this area, it is suggested that a
basement-involving thrust may exist at upper crustal
depths. As shown on Figure 2b, it is truncated in the
plane of the model cross-section by the Eurekan-
aged strike-slip displacements on the Petersen Bay
Fault. Sedimentary strata of the post-Ellesmerian
Sverdrup Basin are affected by Eurekan deforma-
tion in this segment of the transect. In addition,
although most Eurekan shortening on Ellesmere
Island is more or less SSE-directed, the transport

directions in Segment 3 are generally towards the
NNW, suggesting the presence of a large-scale
pop-up structure in the hanging wall of the Lake
Hazen Fault Zone. This is supported by the indepen-
dently inferred antiformal shape of the top crystal-
line basement in this area, which has been used as
a guide for placing the thrusts that form the deeper
expression of the crustal pop-up structure (km
120-180). The gradual deepening to the north of
the Moho in this area (km 100-170) is taken to be
related to the main crustal underthrust underlying
the pop-up zone.

Segment 3 on Figure 2b, corresponding to the
Hazen Plateau between the Lake Hazen Fault
Zone and the Archer Fiord Fault Zone, is dominated
by tight, Ellesmerian-aged folds within monotonous
Cambrian to Silurian turbidites of the Franklinian
Basin deep water sequence. This area does not
show any internal Eurekan deformation and must
therefore have been carried passively towards the
SSE on top of an inferred detachment at depth
(Klaper 1990; Piepjohn et al. 2008; Piepjohn &
von Gosen this volume, in press). Neither the veloc-
ity model nor inferences from the gravity results
provides any constraint on the depth of such a
detachment and it has been drawn schematically to
be within or near the base of what are interpreted
from the geophysical data as metasedimentary
strata. The crystalline crust beneath Segment 3 is
the thinnest anywhere on the transect. Both the
upper and lower crustal layers are markedly thinner
than either to the north or to the south and this is
reflected in a Moho that is shallower than elsewhere
along the transect, to as little as c¢. 32 km depth.
However, there is also a high-velocity, high-density
layer in the lower crust beneath Segment 3 (and the
northernmost part of Segment 4).

The high-velocity, high-density layer underly-
ing Segment 3 is essential for explaining the
Hazen Plateau gravity high. Equivalently, a more
strikingly shallow Moho can also satisfy the gravity
high, as proposed by Oakey & Stephenson (2008),
but, given the clear evidence for such a body and
the fairly well-constrained Moho depth in the
receiver functions (cf. Schiffer et al. 2016), the
present model as seen in Figure 2b is considered
to be more plausible. An interesting historical note
is the ‘Alert Geomagnetic Anomaly’ discovered
along the strike of the Hazen Plateau in the very
early days of geophysical observations on Ellesmere
Island and before any gravity measurements were
made. Praus et al. (1971) attributed it to an elon-
gated conductive body within the lower crust (or
upper mantle), such as the high-velocity, high-
density body found in the present study, but presum-
ably at a temperature below its Curie point. Given
the subdued topography of the Hazen Plateau within
Segment 3, it is suggested that its mafic underplate
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is older than that found under the Pearya Terrane in
Segment 1, which has been linked to the HALIP
because of the Cretaceous—Palaeogene magmatic
rocks occurring there and because of its proximity
to the contiguous Alpha Ridge offshore. Cretaceous
magmatic rocks do crop out north of Lake Hazen
(cf. Fig. 1), along-strike of the Segment 2—Segment
3 boundary c¢. 200 km NE of the transect (‘Hassel
basalts’; Estrada er al. 2016). Although a HALIP
link to the inferred high-velocity, high-density
lower crustal body in Segment 3 cannot be ruled
out, it seems more likely to be associated with the
Precambrian formation of the Franklinian conti-
nental margin of Laurentia, or possibly the forma-
tion of the Sverdrup Basin in the Late Palaeozoic.
The distinctive gravity high that is the signature of
the high-velocity, high-density body runs the entire
length of the Hazen Plateau on Ellesmere Island,
from its northeastern tip to Greely Fiord (cf. Fig.
1), which coincides with both the deeper expres-
sion of the Franklinian continental margin and
the extrapolated axis of Sverdrup Basin rifting. In
regard to the latter, it is noted that there are minor
magmatic rocks of Permo-Carboniferous age re-
ported in Sverdrup Basin strata in the vicinity of
the transect (e.g. Davies & Nassichuk 1991; Embry
& Beauchamp 2008).

Segment 4 on Figure 2b, between the Archer
Fiord Fault Zone and the Parrish Glacier Thrust, is
characterized by broad, kilometre-scale anticlines
and synclines with sub-horizontal fold-axial planes
of the Central Ellesmerian fold belt, dominantly of
Ellesmerian age (Harrison 2008; Piepjohn et al.
2008). The minimum depth of the assumed underly-
ing detachment has been estimated by the known
thicknesses of the Cambrian to Silurian rock forma-
tions in the core of the syncline seen just south of
the Archer Fiord Fault Zone. The southernmost
large-scale syncline in the hanging wall of the
Parrish Glacier Thrust represents the deformation
front of the Ellesmerian Orogen (Piepjohn & von
Gosen this volume, in press). Folding and thrusting
to the south are Eurekan-aged structures. The Moho
underlying Segment 4 is the deepest observed along
the transect as a whole, down to about 48 km from
32 km in the Hazen Plateau (Segment 3). The deep-
est Moho is just south of the Parrish Glacier
Thrust at about km 370, near the southern limit of
Segment 4, where it corresponds directly to the
well-constrained receiver function Moho depth
determined by Schiffer er al. (2016). The Moho in
the two-dimensional model is sub-parallel to the
metasedimentary layer—upper crystalline crust
boundary, which also dips to the north beneath the
Central Ellesmerian fold belt. The relationship
between the crustal geometry, the geology and the
negative gravity anomaly in this area suggests that
the crust has been flexed downwards under the

load of the thickened fold—thrust belt, as was mod-
elled by Oakey & Stephenson (2008).

Segment 5 on Figure 2b represents the transi-
tion of the Eurekan deformation front towards the
Eurekan foreland (Piepjohn & von Gosen this vol-
ume, in press) and the exposure of Archaean base-
ment south of the transect. The modelled Moho in
Segment 5 south of where the northwards flexure
begins at ¢. km 430 is at a depth of ¢. 40 km and
most of the overlying crust consists of the crystalline
basement layers.

Summary and conclusions

The velocity model of the crust of Ellesmere Island
determined from receiver functions of earthquake
data acquired during the deployment of ELLITE
(Stephenson et al. 2013; Schiffer et al. 2016) was
used as the basis of a crustal gravity model cross-
ing the major tectonic/structural domains of Elles-
mere Island, running c¢. 460 km NNW-SSE from
the vicinity of Yelverton Bay in the north to the
vicinity of Bache Peninsula in the south. This crustal
structure model has been interpreted by integration
with a structural geological transect along the same
projected profile location from a series of cross-
sections compiled by Piepjohn & von Gosen (this
volume, in press). No attempt has been made to
incorporate the geometries of the geological units
represented in the structural cross-sections into the
gravity model given the averaging inherent to the
projected crustal velocity model and gravity data.
The integrated geological—geophysical model can
be considered to some degree a schematic model
of the crustal-scale tectonic geometry of Ellesmere
Island.

The following key inferences are drawn from
the relationships between the shallower structural/
geological and deeper geophysical images from
north to south.

(1) The crust of the Pearya Terrane of northern
Ellesmere Island includes a high-velocity,
high-density lower crustal body interpreted
to represent a mafic underplate emplaced
by the same processes responsible for the
emplacement of the Cretaceous—Palaeogene
HALIP, which is expressed as numerous
mafic intrusions on Ellesmere Island and as
Alpha Ridge in its immediate offshore.

(2) The lower crustal high-velocity, high-density
body continues marginally to the south beyond
the geologically defined southern boundary of
the Pearya Terrane (i.e. Petersen Bay Fault),
but there is otherwise no strong evidence
of a fundamental change in crustal affinity
in the deeper geophysical image across this
boundary.
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(3) There is a fairly abrupt deepening to the south
of what is inferred to be the top of the crystal-
line basement crust south of Petersen Bay
Fault (around km 80). This is an area char-
acterized by SSE-directed thrusts of Ellesmer-
ian (and possibly older) age and a speculative
interpretation of the basement structure is that
it indicates a large-scale basement-involving
thrust, possibly linked to a pre-Eurekan deep
detachment.

(4) Eurekan shortening in northern Ellesmere
Island is expressed mainly as a crustal-scale
pop-up structure underlain by, and centred
on, a crystalline basement high (at about km
160). The surface expression of the main
thrust of this pop-up structure, which is SE-
directed, is the Hazen Lake Fault Zone. This
is extrapolated to depth as crustal underthrust-
ing to the NNW, reflected by sub-parallel
Moho deepening to the north (at about km
100—160). NNW-directed structures to the
north of the Hazen Lake Fault Zone (at
about km 80-130) represent back-thrusts
associated with the crustal-scale pop-up.

(5) The exposed strata in the Hazen Plateau have
not been significantly affected by Eurekan-
aged deformation, which argues strongly for
a Eurekan-aged structural detachment beneath
this area. Although there is no direct evidence
in the geophysical image of such a detach-
ment, it seems plausible that it is near or at
the base of the supracrustal metasedimentary
layer identified by the velocity and density
models (depth ¢. 12—17 km).

(6) There is strong evidence for the existence
of a high-velocity, high-density body in the
lower crust directly beneath the Hazen Pla-
teau. This is considered more likely to be
inherited from the Early Palacozoic Frankli-
nian margin or linked to the Late Palacozoic
Sverdrup Basin formation than to be related
to HALIP emplacement in the Cretaceous—
Palaeogene.

(7)  The thickest crust and deepest Moho along the
transect is below the Central Ellesmerian fold
belt, where the Moho is as deep as 48 km. The
crystalline crust as a whole appears to be
flexed downwards to the north beneath the
load of the structurally thickened supracrustal
strata of the fold belt, typical of a foreland
basin tectonic setting.

The work reported in this paper was undertaken under the
umbrella of CALE. The work on the geological transect
was enabled by several CASE (Circum-Arctic Structural
Events) expeditions of the Federal Institute for Geosci-
ences and Natural Resources (BGR, Hanover, Germany).
The postdoctoral fellowship at Durham University of CS
is funded by the Carlsberg Foundation.
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