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Early Cretaceous synrift uplift and tectonic inversion in the Loppa
High area, southwestern Barents Sea, Norwegian shelfQ1

¶

Kjetil Indrevær*, Roy H. Gabrielsen & Jan Inge Faleide
Research Centre for Arctic Petroleum Exploration (ARCEx), Department of Geosciences, University of Oslo, Sem Sælands vei
1, 0371 Oslo, Norway
*Correspondence: kjetil.indrevar@geo.uio.no

Abstract: Tectonic inversion of rift basins is most commonly reported in the literature to occur after rifting has ceased. In
contrast, we present evidence for synrift, localized tectonic inversion from the Loppa High area, southwestern Barents Sea and
present a model for the formation of inversion structures as a result of differential uplift. The structures are of early Barremian to
mid-Albian age (c. 131 – 105 Ma) and are focused in or near pre-existing extensional boundary faults along the margins of the
Loppa High. Inversion is interpreted to be the result of uplift of the high along its inclined boundary faults, leading to space
accommodation problems as uplift was not properly compensated by extension in the region. Themodel constrains the initiation
of uplift of the Loppa High to the early Barremian and shows that the asymmetric margin configuration of the high may have led
to a bulk clockwise rotation of the high around a vertical axis during uplift. The cause of uplift is not fully understood, but is
suggested to be linked to contemporaneous extreme lithospheric thinning in neighbouring basins to the west. Processes
involved may include isostatic flexure, thermal heating, lithological phase changes and/or far-field stresses, although these
aspects need to be further tested.

Received 6 June 2016; revised 2 September 2016; accepted 7 September 2016

The present-day Barents Sea forms an epicontinental sea located in
the northwestern corner of the Eurasian tectonic plate. It overlies a
tectonically extended shelf that is composed of a range of basins,
highs and fault complexes (see Gabrielsen et al. 1990) and formed
through multiple events of extension since the collapse of the
Caledonian orogen (e.g. Faleide et al. 1984, 1993Q2

¶
, 2008; Gabrielsen

et al. 1990; Gudlaugsson et al. 1998; Mosar et al. 2002; Glørstad-
Clark et al. 2010). Post-Caledonian (Devonian) orogenic collapse
was followed by several rift events throughout the Carboniferous to
Eocene, terminating with the opening of the North Atlantic and
Arctic oceans. The southwestern Barents Sea played an important
role during the final stages of rifting, which was characterized by the
transition from a simple rift system in the south to a dextral
transform connecting the North Atlantic rift to the Arctic rift system
in the NW (Faleide et al. 2008).

Despite the southwestern Barents Sea being subject to more than
300 myr of extension, several researchers have reported late
Palaeozoic–Cenozoic events of tectonic inversion in the region
(Ziegler 1978; Rønnevik et al. 1982; Berglund et al. 1986; Riis et al.
1986; Sund et al. 1986; Brekke & Riis 1987; Gabrielsen & Færseth
1989;Wood et al. 1989; Gabrielsen et al. 1990, 1997, 2011; Vågnes
et al. 1998; Grogan et al. 1999; Glørstad-Clark et al. 2011;
Henriksen et al. 2011; Faleide et al. 2015). The most prominent
examples of this are found around the Loppa High (Fig. 1), where
uplift of a late Triassic–mid-Jurassic depocentre in the early
Cretaceous caused the high to form an island (Wood et al. 1989;
Gabrielsen et al. 1990; Faleide et al. 1993a; Glørstad-Clark et al.
2011). The uplift was contemporaneous with transpression along
the Bjørnøyrenna Fault Complex (Gabrielsen et al. 1997) and
wrench-related tectonic inversion in the region (Rønnevik et al.
1982; Gabrielsen 1984; Berglund et al. 1986; Riis et al. 1986; Sund
et al. 1986; Brekke & Riis 1987; Gabrielsen & Færseth 1988).
Tectonic inversion also occurred in the region in the late
Cretaceous–Paleocene owing to head-on (fault-perpendicular)
contraction along the Bjørnøyrenna Fault Complex (Gabrielsen

et al. 1997) and along the margins of the Veslemøy High and the
Senja Ridge (Fig. 1; Riis et al. 1986; Brekke & Riis 1987; Breivik
et al. 1998). Other events of inversion include latest Paleocene–
Eocene transpression along the transform Senja Shear Zone margin
in the west (Grogan et al. 1999; Faleide et al. 2008, 2015) and a
Miocene SE-directed contraction (present coordinates) that is
probably related to ridge push affiliated with the development of
the mid-ocean Knipovich Ridge in the NW (Gabrielsen & Færseth
1989; Pascal et al. 2005; Engen et al. 2008; Faleide et al. 2015; Gac
et al. 2016).

This paper focuses solely on the early Cretaceous phase of the
tectonic inversion event. Although this phase of inversion has long
been recognized, its exact timing and driving mechanism(s) are not
yet fully constrained. We therefore describe the tectonic inversion
structures that are associated with this event, and aim at constraining
its timing and mechanism of initiation and development. The
observations are set in a regional context and a tectonic model for
the early Cretaceous tectonic development is presented.

Geological setting

Areas involved in the early Cretaceous phase of inversion include
(1) the LoppaHigh and the Polhem Subplatform (2) the Hammerfest
Basin and (3) the Bjørnøya and Tromsø basins (Fig. 1). Based on
hitherto published information, these structural elements are
described below.

The Loppa High is bordered by the Bjarmeland Platform in the
east and is separated from the Polhem Subplatform to thewest by the
Jason Fault Complex (Fig. 1; Glørstad-Clark et al. 2011). The
Polhem Subplatform, which was part of the greater Loppa High
throughout much of its history, is bordered by the Ringvassøy–
Loppa Fault Complex to its SW and the Bjørnøyrenna Fault
Complex to its NW. The northeastern segment of the latter fault
complex also defines the boundary between the Loppa High and the
Bjørnøya Basin (Fig. 1).

© 2016 The Author(s). Published by The Geological Society of London. All rights reserved. For permissions: http://www.geolsoc.org.uk/permissions.
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Fig. 1. Overview of the study area showing the main structural elements. The extent of the Loppa High is marked in light grey. Location of wells and key
seismic lines used in the paper is given, in addition to the location of important structures discussed in the text (see legend for more details) (a) Detailed
structural map of the Polhem Subplatform. (b) Detailed structural map of the Asterias Fault Complex and associated structures. (c) Detailed structural map
of the Goliat hydrocarbon field area. Structural element map modified from Norwegian Petroleum Directorate (npd.no). FC, fault complex.
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The Loppa High developed through several events of subsidence
and uplift. Its predecessor, the Selis Ridge (also known as the
‘palaeo-Loppa High’; see Sund et al. 1986; Fig. 1) is now expressed
as an easterly tilted high buried within the Loppa High. It formed by
uplift of the footwall of the westerly dipping Ringvassøy–Loppa
and Bjørnøyrenna fault complexes in late Carboniferous, early
Permian, late Permian and early to middle Triassic (Riis et al. 1986;
Wood et al. 1989; Gudlaugsson et al. 1998; Glørstad-Clark et al.
2010, 2011). The Polhem Subplatform formed as a downfaulted
portion of the Selis Ridge in the early to mid-Triassic (Gabrielsen
et al. 1990). By the mid-Triassic the Selis Ridge became expressed
as a pronounced north–south-striking, elongated structural high
acting as a barrier to sediments (Gudlaugsson et al. 1998; Glørstad-
Clark et al. 2010). Subsequently, the Selis Ridge subsided and a
major sediment depocentre was established atop the ridge by late
Triassic times. In the late Jurassic or earliest Cretaceous, a wider
platform around (and including) the Selis Ridge and Polhem
Subplatform again became uplifted, causing the late Triassic–mid-
Jurassic depocentre to form a subaerially exposed Loppa High
(Fig. 1; Wood et al. 1989; Gabrielsen et al. 1990; Faleide et al.
1993a; Glørstad-Clark et al. 2011). The uplift is estimated to have
been of the order of 300 m (see diagrams given by Clark et al.
2014). Erosion of the high and deposition of sediments along its
flanks suggest gradual erosion and subsidence of the Loppa High in
the early Cretaceous, bringing the Loppa High to the same level asQ3

¶ the wider Barents Sea shelf by the onset of the Late Cretaceous
(Glørstad-Clark et al. 2011).

The Hammerfest Basin is situated to the south of the Loppa High
and is separated from the high by the southerly dipping Asterias
Fault Complex (Fig. 1). This basin is delimited by the Ringvassøy–
Loppa Fault Complex in the west, marking the down-stepping array
of normal faults to the deeper Tromsø Basin further west
(Gabrielsen 1984). To the east, the Hammerfest Basin gradually
shallows and flexes to become the Bjarmeland Platform, and its
southern boundary is defined by the north- to NW-dipping Troms–
Finnmark Fault Complex (Gabrielsen et al. 1990).

The Hammerfest Basin was subject to extension throughout the
Carboniferous–Eocene and its interior is characterized by a system
of late Jurassic–early Cretaceous east–west-striking faults that have
resulted inQ4

¶
a range of minor horsts, grabens and half-grabens. On a

larger scale, these define an east–west-striking arch that is oriented
parallel to the basin axis. All these structures are most conveniently
defined at the base of the Cretaceous sequence. The general basin
configuration and the central arching of the basin axis have been
ascribed to interaction between first-, second- and third-order
normal faults (Gabrielsen 1984). Furthermore, it has been suggested
that the deformational style indicates that the margins of the
Hammerfest Basin were partly influenced by strike-slip reactivation
in the late Jurassic to early Cretaceous (Berglund et al. 1986; Riis
et al. 1986; Sund et al. 1986; Gabrielsen & Færseth 1988) as a part
of regional wrench tectonics (Ziegler 1978; Rønnevik et al. 1982;
Riis et al. 1986) probably caused by the oblique reactivation of pre-
existing faults owing to changes in regional stress. This was
assumed to result in inversion occurring along the western segment
of the Asterias Fault Complex as fault-perpendicular contraction by
Riis et al. (1986) and Gabrielsen & Færseth (1988). Alternatively,
the inversion may have been affiliated with strike-slip forming a
Hauterivian–Aptian positive half-flower-like structure as suggested
by Gabrielsen et al. (2011). Transtension in the Swaen Graben as
suggested by the presence of master faults steepening with depth,
thus forming assumed positive and negative flower structures
(Gabrielsen et al. 1993), occurred contemporaneously with
inversion in the Hammerfest Basin and is therefore possibly
genetically linked.

The Bjørnøya and Tromsø basins (Fig. 1) formed through rifting
in the Carboniferous and Permian–early Triassic as is characterized

by Permo-Carboniferous evaporite diapirs in both basins. Late
Jurassic–earliest Cretaceous extension was followed by accelerating
subsidence and accumulation of very thick sediment sequences of
early Cretaceous age as demonstrated by the downfaulting of
Jurassic sediments to c. 13 km depth in the Bjørnøya Basin across
the Ringvassøy–Loppa and Bjørnøyrenna fault complexes
(Rønnevik et al. 1982; Gabrielsen et al. 1990; Faleide et al.
1993b, 2008; Clark et al. 2014).

In summary, previous literature suggests an early Cretaceous
period of composite tectonism in the southwestern Barents Sea,
with distinct enhanced subsidence in the Tromsø and Bjørnøya
basins, uplift of the Loppa High, and tectonic inversion that is
probably related to regional wrenching.

Database

This study utilizes 2D reflection seismic data that are partly public
data from the DISKOS database and partly non-public data made
available by TGS and ENI Norge. Seismostratigraphic markers were
picked using available public well data and are time-correlated in the
Hammerfest Basin using biostratigraphic data from wells 7120/9-1
and 7121/7-1 and lithostratigraphy and chronostratigraphy from
NORLEX (Figs 1 and 2;Worsley et al. 1988; Gradstein et al. 2010).
On the Polhem Subplatform and in the Bjørnøya and Tromsø basins,
the seismic markers were time-correlated using biostratigraphic data
from wells 7220/5-1, 6-1 and 7-1 (Figs 1 and 2 and chronostratig-
raphy according to NORLEX). Depth conversion of regional grids
has been done using the HiQbe™ velocity model (courtesy of First
Geo AS and TGS-NOPEC Geophysical Company ASA) to obtain
the geometry of the described structures.

Inversion structures

Several fault complexes and other structural elements in the
southwestern Barents Sea display geometrical characteristics that
are indicative of tectonic inversion. Some of these structures have
previously been described in the literature, whereas others have not.
Terminology and concepts used in this paper are given below and
are followed by the description of early Cretaceous tectonic
inversion structures in the southwestern Barents Sea and discussion
of their genesis.

Terminology and concepts

Tectonic inversion is defined as the reverse reactivation of normal
faults as a result of a change in the regional stress, resulting in uplift
that predominantly affects the hanging wall relative to a selected
regional reference stratigraphic level (Cooper et al. 1989). Tectonic
inversion is commonly separated into localized (focused) and
regional (distributed) inversion based on the significance of
inversion within a rift (MacGregor 1995; see also Cooper &
Williams 1989; Buchanan & Buchanan 1995). Whereas regional
inversion commonly refers to the inversion of entire basins,
localized inversion is often manifested as inversion structures
with a local significance forming along reactivated normal faults.

A diagnostic criterion for recognizing and quantifying localized
tectonic inversion is the identification of the ‘null point’ on inverted
extensional faults (Fig. 3a; see Cooper &Williams 1989; Buchanan
& Buchanan 1995; Turner & Williams 2004). The null point refers
to a point along an inverted extensional fault that separates strata
with normal fault displacement below and reverse fault displace-
ment above. Because of the long rift history in the southwestern
Barents Sea, however, the extension to shortening ratios seem too
high for any null points to be detectable, rendering the use of the
null-point criterion less relevant in the region. Alternative criteria
for identifying reverse reactivation of normal faults are therefore

Early Cretaceous tectonic inversion in the Loppa High area

kjetilin
Highlight
"middle ", not "mid-"

kjetilin
Highlight
"middle ", not "mid-"

kjetilin
Highlight

kjetilin
Highlight



397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

needed and include recognition of the following features: (1)
inverted depocentre–growth wedges (without formation of null
points); (2) contracted fault blocks and deformed fault planes; (3)
forced folds with or without the development of hanging-wall
reverse faults; (4) structures related to secondary contractional
deformation of rift basins including the formation of folds and
‘snake-head structures’ (Allmendinger 1998) formed by reverse
reactivation of faults (Fig. 3a–d). The timing of tectonic inversion is
constrained by identifying pre-, syn- and post-rift sediments and
their association with syn- and post-inversion sedimentary
sequences (Fig. 3a; see also Turner & Williams 2004).

The Loppa High

The interior of the Loppa High constitutes an asymmetric high of
sub-Carboniferous rocks that shallows westwards to include the
Selis Ridge (Figs 1 and 4; see alsoWood et al. 1989; Glørstad-Clark
et al. 2011). The Selis Ridge formed during the Carboniferous and
Permian events of uplift and defines a north–south-trending palaeo-
high so that its eastern flank is onlapped by Carboniferous and
Permian sedimentary units. The ridge is unconformly overlain by
upper Triassic–mid-Jurassic sedimentary sequences that were
uplifted during the early Cretaceous to form the Loppa High.

These sequences show a distinct thickening from the Bjarmeland
Platform and westward onto the present-day Loppa High (Fig. 4),
where the zone of thickening of these units is characterized by a
concentric shape in map view and also marks the eastern boundary
of the inverted late Triassic–mid-Jurassic depocentre (Fig. 1). The
concentric shape of the zone of thickening indicates that the lateral
extent of the depocentre that controlled Q5

¶
the extent of what later

became uplifted, although the eastern boundary locally seems to be
related to a fault present in the deeper strata (Fig. 4).

The Jurassic and younger sedimentary sequences are in general
missing on top of the Loppa High owing to erosion. However, lower
Cretaceous sediments are locally present in a system of interacting
NNE–SSW- and NE–SW-oriented c. 5 kmwide grabens defined by
the downfaulted upper Jurassic sequence (Figs 1 and 4). The system
of grabens links up with the Swaen Graben in the east. The graben-
bounding faults converge at depth and die out in Permian evaporites
(Fig. 4).

Genesis.

The present-day Loppa High represents a regionally uplifted
Triassic–Jurassic depocentre, as demonstrated by the distinct
thickening of the upper Triassic–mid-Jurassic sediment sequence

Fig. 2. Stratigraphic framework for the
Hammerfest Basin and the Polhem
Subplatform used in this paper. It should
be noted that the lithostratigraphy is valid
only for the Hammerfest Basin.
Lithostratigraphy and chronostratigraphy
from NORLEX (Worsley et al. 1988;
Gradstein et al. 2010).
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Fig. 3. Schematic overview of criteria
used for identification of tectonic
inversion in this paper. (a) Typical
inversion geometry in an inverted half-
graben showing the relationship between
rift-related strata being modified by
inversion. Black dot shows the position of
the null point, which marks the divide
between normal displacement below and
reverse displacement above. Modified
after Turner & Williams (2004). (b)
Sketch of characteristic shapes of
deformed fault blocks and deformed fault
planes owing to horizontal shortening. (c)
Folding through buckling owing to the
localizing of inversion along a pre-
existing normal fault. Reverse faults may
or may not develop in the sub-strata. (d)
Development of contractional structures
such as snake-head folds and footwall cut-
offs in synrift or post-rift sediments owing
to reverse reactivation along an underlying
normal fault.

K. Indrevær et al.
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from the Bjarmeland Platform and westward onto the high (Fig. 4;
see also Wood et al. 1989; Glørstad-Clark et al. 2011). Detailed
mapping shows that the Swaen Graben links up with the narrow
grabens within the interior of the Loppa High (Fig. 1) and they thus
seem to be genetically linked. The role of these basins during early
Cretaceous tectonic inversion will be further discussed when
presenting a tectonic model later in the text.

The Polhem Subplatform

The Polhem Subplatform is composed of several north–south-
striking rotated fault blocks, which are delineated by an array of
down-to-the-west normal faults that are most easily identified at the
base Cretaceous stratigraphic level (Fig. 5). Sedimentary wedges in
the hanging walls indicate that the synsedimentary stage of faulting
began in the late Jurassic and that subsidence accelerated from the
early Barremian onwards. The sedimentary units that are located in

the immediate vicinity of the Jason Fault Complex are characterized
by the development of a series of densely spaced fault blocks
comprising at least four anticlines arranged in a left-stepping, en
echelon pattern with their fold axes at an angle of c. 15° clockwise to
the Jason Fault Complex master fault (Fig. 1a). Seen in cross-
section, the folds show the characteristics of positive flower
structures (Fig. 5a–c). Together they make up a north–south-
striking structural high that can be traced for c. 40 km within the
hanging wall of the northern segment of the Jason Fault Complex
(Fig. 1a). The crests of the anticlines are locally truncated by a
pronounced erosional surface (Fig. 5b). Fault blocks located further
west on the Polhem Subplatform are also commonly internally
folded, however, so that strata dominantly dip steeply to the east
(Fig. 5a and b). Local growth wedges of Ryazanian–late Barremian
agewithin rotated fault blocks locally display evidence for localized
inversion by reverse reactivation of graben-bounding faults and/or
internal folding (Fig. 5c). The outer crests of the contracted fault

Fig. 4. Uninterpreted and interpreted seismic line running from the Bjarmeland Platform in the SE, across the Loppa High, Jason Fault Complex and the
Polhem Subplatform in the NW. Names of seismic reflections are given along the left margin of the figure. (See Fig. 1 for location.)
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blocks are locally eroded and the erosional unconformity probably
correlates in time with the erosional surface that truncates the inner,

en echelon anticlines and demonstrates that contractional deform-
ation predated or was contemporaneous with the erosion event. The

Fig. 5. (a) Uninterpreted and interpreted seismic line running across the Loppa High, Jason Fault Complex, Polhem Subplatform and into the Bjørnøya
Basin. (b, c) Details from the same area. Small arrows indicate onlap. (See Fig. 1 for location.) Colour scheme as in Figure 4 Q21
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upper Barremian sequence within the growth wedges onlaps the
folded lower Barremian sequence (Fig. 5b). The upper Barremian
unit is characterized by later minor modification by continued
folding and is onlapped by the upper Barremian–middle Albian
sedimentary sequence. Based on the onlap geometry within the
inverted growth wedges, the timing of inversion on the Polhem
Subplatform is constrained to the time interval between early
Barremian and middle Albian.

Genesis.

The left-stepping, en echelon anticlines of the Polhem Subplatform
with their fold axes oriented at c. 15° clockwise to the Jason Fault
Complex indicate that the folds formed mainly as a result of east–
west-oriented head-on contraction modified by sinistral shear in
early Barremian to middle Albian time. This is in accordance with
the internal characteristics of the inner anticlines that locally
resemble positive flower structures (Fig. 5). The deformed fault
blocks, faults and inverted growth wedges (Figs 1 and 5) most
probably formed by the same contraction event, which caused
internal buckle-folding and inversion of normal faults as illustrated
in Figure 3b.

Gabrielsen et al. (1997) also suggested an early Cretaceous phase
of transpression along the Bjørnøyrenna Fault Complex. They,
however, suggested a dextral sense of shear for this event, but stated
that determination of fold geometry and fold orientation was
constrained by wide spacing of available seismic lines.

Notably, evidence for early Cretaceous inversion is not observed
along the northern segment of the Bjørnøyrenna Fault Complex.
The northern part of the Bjørnøyrenna Fault Complex was,
however, affected by late Cretaceous–Paleocene head-on contrac-
tion (Gabrielsen et al. 1997). Present data also document the
presence of salt diapirism in this area (Fig. 1). Analysis of the late
Cretaceous–Paleocene inversion and salt diapirism are, however,
beyond the scope of this paper and will not be addressed below.

The Hammerfest Basin

Several structures within and along some the marginal segments of
the Hammerfest Basin display possible inversion structures.

Anticline parallel to the Asterias Fault Complex.

The Asterias Fault Complex partly detaches at the level of Permian
evaporites (Fig. 6). The detachment is affected by north-dipping
internal reflections offsetting the top of the Jurassic sequence, here
interpreted as reverse faults (Fig. 6). A distinct east–west-striking
anticline is located within its hanging wall (Fig. 1b). The anticline is
best defined at the base of the Cretaceous level (Fig. 6) and its axis
can be followed for c. 27 km, striking parallel to master faults of the
fault complex. Its full wavelength, as measured between syncline
minima bounding its flanks, is c. 8.3 km and its amplitude, as
measured from a non-horizontal baseline connecting the syncline
minima bounding its flanks, is c. 0.9 km.

The lower Barremian seismic marker represents the uppermost
stratigraphic level that is influenced by the anticline. It is onlapped
by an upper Barremian sequence. This sequence was modified by
continued reverse fault activity (Fig. 6) and is onlapped by upper
Barremian–lower Aptian sediments, which show no evidence for
later structuring related to the anticline. The onlap relationships thus
indicate that the anticline developed its major relief from early
Barremian to early Aptian.

Genesis.

Based on the presence of reverse faults in its interior, the anticline
within the hanging wall of the Asterias Fault Complex was most

probably formed by north–south-directed contraction, overprinting
earlier normal faults as a part of localized inversion. Horizontal
shortening and the development of reverse faults led to the
formation of the anticline as illustrated in Figure 3c. This is in
accordance with interpretations of Riis et al. (1986) and Gabrielsen
& Færseth (1988). Although it is difficult to exclude the possibility
that inversion was the result of strike-slip movements along the
Asterias Fault Complex as suggested by Gabrielsen et al. (2011), we
conclude that the structure may satisfactorily be explained by head-
on contraction alone.

Anticline associated with the Goliat hydrocarbon field.

This anticline encompasses the Goliat hydrocarbon field, which is
located close to the intersection between east–west- and NE–SW-
striking major segments of the Troms–Finnmark Fault Complex in
the southeastern part of the Hammerfest Basin (Fig. 1; Mulrooney
et al. in preparation Q6

¶
). The anticline is most obvious at the base

Cretaceous and deeper levels (Figs 1 and 7). Its axis can be traced
for c. 30 km along-strike, within the hanging wall of the NE–SW-
striking segment of the Troms–Finnmark Fault Complex (Fig. 1). Its
full wavelength, as measured between syncline minima bounding its
flanks, is c. 16 km and its amplitude, as measured from a baseline
connecting the syncline minima bounding its flanks, is c. 0.9 km. It
is onlapped by lower Barremian to lower Aptian strata in the NW,
indicating that the anticline acted as an intrabasinal marginal high
during that time. The crest of the anticline is characterized by minor
faults that truncate the base Cretaceous reflection and show
evidence for reverse reactivation as they terminate upwards within
the cores of minor anticlines in above-lying Ryazanian–lower
Barremian sediments (Fig. 7). The axes of the minor anticlines can
be traced NE–SW, paralleling the strike of underlying faults for
several kilometres. The minor anticlines accordingly strike parallel
to the axis of the major anticline. Their wavelengths, as measured
between the syncline minima bounding their flanks, are on average
c. 0.5 kmwith an amplitude of c. 50 m, as measured from a baseline
connecting the synclineminima. They are onlapped by lower Aptian
sediments. Accordingly, the age of both the major anticline and the
minor folds at its crest is constrained to the early Barremian to early
Aptian.

Genesis.

The major anticline (Fig. 7) is probably the result of extension
through the interaction of fault segments forming a fault-bound
basement terrace with depth (Mulrooney et al. in preparation). It
may thus be explained as an extensional feature. The minor folds
affecting the lower Barremian reflection (Fig. 7), however, are
interpreted to have formed owing to secondary contractional
deformation and development of mild snake-head geometries
caused by partial reverse reactivation of underlying faults as
illustrated in Figure 3d. Locally, minor footwall cut-offs have
developed owing to horizontal contraction (Fig. 7, inset). The
amount of reverse reactivation is minor and consistent with NW–
SE-oriented contraction causing localized inversion.

Farther west along the Troms–Finnmark Fault Complex, the Alke
structure (Fig. 1; see also fig. 9 of Stewart et al. (1995) for profile)
provides an additional example of possible tectonic inversion of
similar age in the Hammerfest Basin. The Alke structure is affected
by a local ramp–flat–ramp geometry of the Troms–Finnmark Fault
Complex, but we suggest that the pronounced geometry of the
structure indicates later contractional modification.

Central arch of the Hammerfest Basin.

A central arch strikes east–west within the interior of the
Hammerfest Basin, parallel to the basin axis (Figs 1 and 6;
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Gabrielsen 1984; Berglund et al. 1986). It is most clearly observed
at the base of the Cretaceous sequence and the arch axis can be
followed for c. 80 km. The arch has a wavelength of c. 65 km, as
measured between syncline minima bounding its flanks, and has an
amplitude of c. 2.2 km (measured from a non-horizontal baseline
connecting the syncline minima bounding its flanks). The arch is
abruptly truncated by the Ringvassøy–Loppa Fault Complex in the
west and gradually flattens towards the east. Internally, the arch is
truncated by a north-dipping fault array with a combined
displacement of c. 1 km (Fig. 6). The fault array divides the
Hammerfest Basin into a southern and northern segment that
together constitute two, partly rotated, large-scale fault blocks of
opposite vergence (Fig. 6). The hinge line of the central arch

coincides with the upward-rotated northern rim of the southern fault
block, thus defining the main body of the central arch. The arch is
onlapped by Ryazanian–upper Barremian seismic sequences from
both north and south, demonstrating that the central arch (and thus
the basin axis) acted as a structural high during the Ryazanian–late
Barremian.

Genesis.

The central arch was an intrabasinal, southerly tilted high during the
Ryazanian–Hauterivian to late Barremian as illustrated by its onlap
configurations. The genesis of the central arch has previously been
discussed in the literature, and has been ascribed either to the

Fig. 6. Uninterpreted and interpreted seismic line running across the Hammerfest Basin, from Loppa High in the north to the Finnmark Platform in the
south, crossing the Asterias and Troms–Finnmark fault complexes. Small arrows indicate onlap. (See Fig. 1 for location.)
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interaction between first-, second- and third-order normal listric
faults (Gabrielsen 1984), or to north–south-oriented shortening
owing to strike-slip movements along the east–west-striking internal
faults of the Hammerfest Basin (Berglund et al. 1986; Sund et al.
1986). The new generation seismic data reveal that the apex of the

central arch coincides with the outer rim of the large-scale southern
rotated fault block of the Hammerfest Basin and may hence explain
the central arch as a product of extension. Further, the formation of
the arch in the Ryazanian–Hauterivian indicates that the arch
formed as a response to extension in the Hammerfest Basin rather

Fig. 7. Uninterpreted and interpreted seismic line showing the major anticline associated with the Goliat hydrocarbon field. The minor folds on the crest of
the anticline and the onlap geometry (inset) should be noted. Small arrows indicate onlap. Names of seismic reflections are given along the left margin of
the figure (see Fig. 3 Q22

¶
). (See Fig. 1 for location.)
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than early Barremian inversion. The above favours the interpretation
of Gabrielsen (1984), suggesting that the arch is the result of the
interaction between first-, second- and third-order normal faults.
Thus, in the present work, the central arch is not considered to be
caused by tectonic inversion, although it still remains open whether
the arch was later modified by horizontal shortening related to the
early Barremian–early Aptian inversion along the Asterias Fault
Complex, in the Goliat hydrocarbon field area and potentially also
the Alke structure.

In summary, the Polhem Subplatform itself, the structures along
its western margin (the Jason Fault Complex), the Asterias Fault
Complex and minor folds associated with the Goliat hydrocarbon
field area show characteristics consistent with early Cretaceous
localized tectonic inversion that focused along parts of pre-existing
major normal faults. Inversion structures associated with the
Polhem Subplatform show evidence of being modified by sinistral
strike-slip (Figs 1a, 3b and 5), whereas inversion in the Hammerfest
Basin is consistent with north–south- and NE–SW-oriented head-on
contraction (Figs 1b, c, 3c, d, 6 and 7). The inversion structures are
associated with marginal intrabasinal highs that were subject to
erosion, no sedimentation or low sedimentation rates during
formation and are constrained to the early Barremian–early
Aptian or early Barremian–middle Albian. It is important to stress
that the inversion structures are clearly subordinate in relation to the
rift activity occurring contemporaneously.

Tectonic model

According to our dating, the tectonic inversion of the Polhem
Subplatform and in the Hammerfest Basin occurred contemporan-
eously (Fig. 8) and therefore it is logical to ascribe these events to
one single tectonic event that began in the early Barremian. The
inversion is, however, restricted only to parts of major fault
complexes and shows inversion structures of diverse orientation
(ENE–WSW, NE–SW and north–south; Fig. 1). Previous studies
have suggested mechanisms involving regional wrenching events
(Ziegler 1978; Rønnevik et al. 1982; Riis et al. 1986; Gabrielsen &
Færseth 1988) causing oblique reactivation and strike-slip move-
ments along already existing faults in an effort to explain the
varying nature of shortening. Accordingly, Gabrielsen & Færseth
(1988) suggested that a slight clockwise rotation of the Hammerfest
Basin could explain inversion along the Asterias Fault Complex and
east in the Hammerfest Basin. The driving force(s) behind such
wrenching or rotation, however, has not yet been analysed in full,
but may be attributed to a regional stress field or alternatively to
stress of local significance caused by local tectonic adjustments.
The present work shows that the timing of inversion is closely
linked to the uplift of the Loppa High and that areas subject to
inversion are located close to the high. We therefore suggest that
there is a close link between the early Cretaceous uplift of the Loppa
High, wrenching and the formation of the above-described
inversion structures. We propose that inversion was a direct
response to the uplift of the Loppa High and present the following
model for the early Cretaceous tectonic inversion in the south-
western Barents Sea (Fig. 9).

The uplift of the Loppa High relative to its surroundings was
probably accommodated by normal slip along its delimiting fault
complexes; that is, the Bjørnøyrenna, Ringvassøy–Loppa and
Asterias fault complexes, which all dip basinward. The geometrical
relationship dictates that such uplift would lead to space
accommodation problems along the flanks of the high owing to
its widening with depth, assuming that the high and flanking basins
are laterally confined (Fig. 9a). Upward-directed movement of the
high is thus likely to have been converted into horizontal
compressive stress along the flanks of the high. Stress generated
by this mechanism would form perpendicular to the flank being

utilized for uplift (Fig. 9a). This model is fundamentally different
from the development of a ‘classic’ horst, where the widening of the
horst with depth is compensated for by extension. Because separate
flanks with contrasting orientations were utilized during uplift of the
Loppa High, several local stress configurations may have devel-
oped, each dominated by σ1 oriented perpendicular to the uplifted
flank. The amount of shortening induced as a result of uplift may
depend on (but is not restricted to) (1) the amount of vertical uplift
and the dip of the fault being utilized to accommodate uplift, (2) the
ability of sediments involved to compact and (3) the amount of
extension occurring contemporaneously along the same fault
(compensating for the widening of the high with depth).

By assuming a constant volume and fixed flanking basins
(negligible compaction and extension) along a 2D section running
perpendicular to, and across a fault utilized to accommodate uplift,
the ratio between uplift and horizontal shortening may be given by
the shortening ratio, sr = 1/tan(α), where α is the dip of fault on
which uplift is accommodated (Fig. 9a and b). As no compaction of
sediments and a 100% effective lateral confinement are highly
unlikely assumptions, the shortening ratio must be considered a
maximum estimate of shortening being generated by the discussed
mechanism.

The geometrical relationship between the Asterias Fault Complex
and the associated anticline caused by inversion (Fig. 6) can be used
to test the applicability of the shortening ratio. The master fault
segment of the western part of the Asterias Fault Complex dips 62°
at the stratigraphic depth at which the anticline is located. The
amount of horizontal shortening observed by the formation of the
anticline (as measured between the syncline minima bounding the
anticline) is calculated to be c. 1.2%, corresponding to c. 180 m.
Using the shortening ratio (Fig. 9b), the amount of vertical uplift
corresponding to the observed horizontal shortening is calculated to
be c. 340 m. This value fits well with first-order estimates of the
early Cretaceous uplift of the Loppa High of Clark et al. (2014, see
diagrams within that paper), giving values of the order of 300 m.

Further, at least three mechanisms generating laterally varying
stress configurations may exist. First, the Loppa High shows an
asymmetric uplift along its east–west axis, increasing westwards
(Fig. 4). Hence, the western flanks of the high may have been subject
to greater amounts of fault throw and hence larger space
accommodation problems than flanks along the eastern part of the
high.As an example, inversion along only thewestern part of the east–
west-striking Asterias Fault Complex supports this (Figs 1 and 6).

Second, variations in sediment compaction and/or amount of
lateral confinement of flanking basins are likely and would
significantly affect the amount of observable shortening being
generated by uplift. This may be the reason why no inversion
structures of early Cretaceous age are observed along the northern
part of the Bjørnøyrenna Fault Complex, as extension and
subsidence in this part of the Bjørnøya Basin may have been
greater than shortening generated by uplift at the time.

Third, the asymmetric shape of the Loppa High would lead to an
unbalanced local horizontal stress field being generated, assuming
all flanks are utilized for uplift. In addition, shortening occurring
within the Tromsø and Bjørnøya basins was probably less confined
than in the Hammerfest Basin owing to continuing extension.

The model thus implies that stress generated by uplift varies in
strength and orientation, leading to an unbalanced regional stress
pattern. Rotation as a response to unbalanced local horizontal stress-
fields being generated by uplift may thus be a source for a
component of wrenching, as has been suggested in the region by
several researchers (Ziegler 1978; Rønnevik et al. 1982; Berglund
et al. 1986; Riis et al. 1986; Sund et al. 1986; Gabrielsen & Færseth
1988, 1989; Gabrielsen et al. 1997). In the case of the Loppa High,
the resulting stress configuration could potentially have led to
clockwise bulk rotation of the high around a vertical axis (Fig. 9c).
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Such rotation would explain both sinistral movements on the
Polhem Subplatform generating the observed en echelon folds and
also transtension in the Swaen Graben and the associated narrow
grabens in the interior of the Loppa High (Fig. 9c). However, it is
not unlikely that far-field horizontal stresses contributed to strike-
slip movements along the margins of the Loppa High in the early
Cretaceous.

The inversion close to the Goliat hydrocarbon field (and
potentially the Alke structure and partially the central arch of the
Hammerfest Basin) is probably affiliated with horizontal stresses
propagating from the Loppa High margins through basement units
of the Hammerfest Basin. Numerical modelling has shown that
stress is unlikely to propagate through relatively soft sedimentary

cover units, but may propagate through crystalline basement for
hundreds of kilometres and be expressed as passive folding of the
above-lying sedimentary cover along basement-seated fault zones
and or areas of high basement relief (e.g. Pascal & Gabrielsen 2001;
Pascal et al. 2005, 2006, 2010; Buiter & Torsvik 2007; Cloething &
Burov 2011 Q7

¶
; Doré et al. 2008). However, it cannot be excluded that

the inversion structures located along the Troms–Finnmark Fault
Complex are the result of far-field horizontal stresses.

The model constrains the initiation of uplift of the Loppa High to
the early Barremian. It is noted that the uplift coincided with a major
switch in rift activity in the region, where moderate, distributed
extension in the late Jurassic or earliest Cretaceous in the
southwestern Barents Sea was followed by major extension along

Fig. 8. Table summarizing Cretaceous rift
activity in the region together with the
constrained time interval for which the
described tectonic inversion structures
formed. Chronostratigraphy from
Gradstein et al. (2010).
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the Bjørnøyrenna and Ringvassøy–Loppa fault complexes by the
early Barremian (Fig. 8; e.g. Gabrielsen et al. 1990; Faleide et al.
1993a,b, 2008). A focus of rift activity is recognized in the entire
North Atlantic region and in the Barents Sea in this period (Faleide
et al. 1993b), which in the southwestern Barents Sea led to extreme
lithospheric thinning in the Tromsø and Bjørnøya basins. The axis
defined by the Ringvassøy–Loppa and Bjørnøyrenna fault
complexes marks the position of a major basement-seated
Caledonian zone of weakness (Rønnevik et al. 1982; Gabrielsen
et al. 1990; Faleide et al. 1993a,b, 2008; Ritzmann & Faleide 2007)
and may explain why extension became focused in this zone.

The cause for uplift of the Loppa High has been previously
discussed in the literature. Wood et al. (1989) suggested that uplift
was associated with fault block rotation and footwall uplift along the
Ringvassøy–Loppa and Bjørnøyrenna fault complexes. Such a
mechanism is, however, commonly associated with uplift wave-
lengths from 0.1 to 15 km (Roberts & Yielding 1991; Gabrielsen
et al. 2005) and thus fails to explain the uplift of the wider Loppa
High area (wavelength >90 km). Uplift as a part of rift flank uplift
owing to isostatic flexure has also been proposed (Glørstad-Clark
et al. 2011; Clark et al. 2014). Although we agree that isostatic
flexure most probably was involved in the uplift of the Loppa High,
such uplift would affect the entire eastern flank of the Tromsø and
Bjørnøya basins and thus cannot fully explain the uplift of the
Loppa High relative to, for example, the neighbouring Hammerfest
Basin situated along the same rift flank.

We therefore conclude that one or more additional process(es)
must have contributed to the uplift of the Loppa High. Such
mechanisms could include far-field stresses but also uplift
mechanisms related to the deeper structuring of the high and
thermomechanical processes, including P–T-related mineral transi-
tions. It is particularly noted that the high is underlain by a distinct
block of thicker crust (Ebbing & Olesen 2010), which is
characterized by anomalously high densities and magnetic
susceptibilities at its base interpreted to represent the presence of
mafic rocks (Ritzmann & Faleide 2007; Clark et al. 2014). An
increase in heat flux owing to lithospheric thinning in the west may

have triggered uplift through thermal heating and/or phase changes
in the lower mafic crust. These are, however, aspects that need to be
tested and will not be further discussed herein.

Conclusions

Evidence for early Cretaceous tectonic inversion is documented on
the Polhem Subplatform and in the Hammerfest Basin, south-
western Barents Sea. The inversion structures show a range of
orientations that are consistent with head-on (fault-perpendicular)
contraction modified by sinistral transpression on the Polhem
Subplatform and head-on contraction along the Asterias Fault
Complex and in the Goliat hydrocarbon field area close to the
Troms–Finnmark Fault Complex. The timing of formation of these
structures is constrained to the early Barremian–early Aptian and
early Barremian–middle Albian.

A tectonic model is presented that links the formation of the
inversion structures to the uplift of the Loppa High owing to space
accommodation problems along the flanks of the high during uplift.
The model constrains the initiation of uplift of the Loppa High to the
early Barremian and explains how differential uplift and/or
changing along-fault boundary conditions may have led to
unbalanced horizontal stresses leading to a clockwise bulk rotation
of the high around a vertical axis (i.e. wrenching), causing
transpression on the Polhem Subplatform and transtension in the
Swaen Graben and the Loppa High interior.

The cause of uplift of the Loppa High is poorly constrained, but it
was contemporaneous with extreme lithospheric thinning in the
Tromsø and Bjørnøya basins in the west. We suggest that isostatic
flexuring, thermal heating and/or phase changes at deeper crustal
levels are processes that may have been involved in driving the
uplift, although these are aspects that need to be further tested.
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owing to unbalanced horizontal stresses
(red arrows) of the Loppa High. BFC,
Bjørnøyrenna Fault Complex.

Colour
online=
colour

hardcopy

K. Indrevær et al.

kjetilin
Highlight

kjetilin
Highlight

kjetilin
Highlight

kjetilin
Highlight



1585

1586

1587

1588

1589

1590

1591

1592

1593

1594

1595

1596

1597

1598

1599

1600

1601

1602

1603

1604

1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

1615

1616

1617

1618

1619

1620

1621

1622

1623

1624

1625

1626

1627

1628

1629

1630

1631

1632

1633

1634

1635

1636

1637

1638

1639

1640

1641

1642

1643

1644

1645

1646

1647

1648

1649

1650

1651

1652

1653

1654

1655

1656

1657

1658

1659

1660

1661

1662

1663

1664

1665

1666

1667

1668

1669

1670

1671

1672

1673

1674

1675

1676

1677

1678

1679

1680

1681

1682

1683

1684

1685

1686

1687

1688

1689

1690

1691

1692

1693

1694

1695

1696

1697

1698

1699

1700

1701

1702

1703

1704

1705

1706

1707

1708

1709

1710

1711

1712

1713

1714

1715

1716

sincerely thank the reviewers A. Doré and R. Holdsworth for thorough and
constructive feedback during the review process. We thank TGS-NOPEC
Geophysical Company ASA and ENI Norge AS for access to seismic data, and
TGS-NOPEC Geophysical Company ASA and First Geo AS for access to the
HiQbe™ velocity model.

Scientific editing by Peter Clift

References
Allmendinger, R.W. 1998. Inverse and forward numerical modeling of trishear

fault-propagation folds. Tectonics, 17, 640–656.
Berglund, L.T., Augustson, J., Færseth, R., Gjelberg, J. & Ramberg-Moe, H.

1986. The evolution of the Hammerfest Basin. In: Habitat of Hydrocarbons
on the Norwegian Continental Shelf. Graham & Trotman, London, 319–338Q8

¶
.

Breivik, A.J., Faleide, J.I. & Gudlaugsson, S.T. 1998. Southwestern Barents Sea
margin: late Mesozoic sedimentary basins and crustal extension.
Tectonophysics, 293, 21–44.

Brekke, H. & Riis, F. 1987. Tectonics and basin evolution of the Norwegian shelf
between 62°N and 72°N. Norsk Geologisk Tidsskrift, 67, 295–322.

Buchanan, J.G. & Buchanan, P.G. (eds) 1995. Basin Inversion. Geological
Society, London, Special Publications, 88, http://doi.org/10.1144/GSL.SP.
1995.088.01.30

Buiter, S.J.H. & Torsvik, T.H. 2007. Horizontal movements in the eastern Barents
Sea constrained by numerical models and plate reconstructions. Geophysical
Journal International, 171, 1376–1389, http://doi.org/10.1111/j.1365-246X.
2007.03595.x

Clark, S.A., Glorstad-Clark, E., Faleide, J.I., Schmid, D., Hartz, E.H. & Fjeldskaar,
W. 2014. Southwest Barents Sea rift basin evolution: comparing results from
backstripping and time-forward modelling. Basin Research, 26, 550–566.

Cloething & Burov 2011 (details to be added by author).
Cooper, M.A. & Williams, G.D. (eds) 1989. Inversion Tectonics. Geological

Society, London, Special Publications, 44, http://doi.org/10.1144/GSL.SP.
1989.044.01.25

Cooper, M.A., Williams, G.D. et al. 1989. Inversion tectonics—a discussion. In:
Cooper, M.A. & Williams, G.D. (eds) Inversion Tectonics. Geological
Society, London, Special Publications, 44, 335–347, http://doi.org/10.1144/
GSL.SP.1989.044.01.18

Doré, A.G. 1991. The structural foundation and evolution of Mesozoic seaways
between Europe and the Arctic. Palaeogeography, Palaeoclimatology,
Palaeoecology, 87, 441–492Q9

¶
.

Doré, A.G., Lundin, E.R., Kusznir, N.J. & Pascal, C. 2008. Potential mechanisms
for the genesis of Cenozoic domal structures on the NE Atlantic margin: pros,
cons and some new ideas. In: Johnson, H., Doré, A.G., Gatliff, R.W.,
Holdsworth, R.W., Lundin, E.R. & Ritchie, J.D. (eds) The Nature and Origin
of Compression in Passive Margins. Geological Society, London, Special
Publications, 306, 1–26, http://doi.org/10.1144/SP306.1

Ebbing, J. & Olesen, O. 2010. New compilation of top basement and basement
thickness for the Norwegian continental shelf reveals the segmentation of the
passive margin system. In: Vining, B.A. & Pickering, S.C. (eds) Petroleum
Geology: From Mature Basins to New Frontiers—Proceedings of the 7th
Petroleum Geology Conference. Geological Society, London, 885–897, http://
doi.org/10.1144/0070885

Engen, Ø., Faleide, J.I. & Dyreng, T.K. 2008. Opening of the Fram Strait
gateway: A review of plate tectonic constraints. Tectonophysics, 450, 51–69.

Faleide, J.I., Gudlaugsson, S.T. & Jacquart, G. 1984. Evolution of the western
Barents Sea. Marine and Petroleum Geology, 1Q10

¶
.

Faleide, J.I., Vågnes, E. & Gudlaugsson, S.T. 1993a. Late Mesozoic–Cenozoic
evolution of the southwestern Barents Sea. In: Parker, J.R. (ed.) Petroleum
Geology of Northwest Europe; Proceedings of the 4th Conference. Geological
Society, London, 933–950, http://doi.org/10.1144/0040933

Faleide, J.I., Vågnes, E. & Gudlaugsson, S.T. 1993b. Late Mesozoic–Cenozoic
evolution of the south-western Barents Sea in a regional rift-shear tectonic
setting. Marine and Petroleum Geology, 10, 186–214.

Faleide, J.I., Tsikalas, F., Breivik, A.J., Mjelde, R., Ritzmann, O., Engen, O. &
Eldholm, O. 2008. Structure and evolution of the continental margin off
Norway and the Barents Sea. Episodes, 31, 82–91.

Faleide, J.I., Gabrielsen, R.H., Indrevær, K., Gac, S., Faisal, M.F. & Pascal, C.
2015. Contractional events in the Barents Sea Basin evolution—timing, causes
and implications. In: Abstracts, 3P Arctic Conference, 29 September–2
October, 2015, StavangerQ11

¶
.

Gabrielsen, R.H. 1984. Long-lived fault zones and their influence on the tectonic
development of the south-western Barents Sea. Journal of the Geological
Society, London, 141, 651–662, http://doi.org/10.1144/gsjgs.141.4.0651

Gabrielsen, R.H. & Færseth, R.B. 1988. Cretaceous and Tertiary reactivation of
master fault zones of the Barents Sea. In: Dallmann, W.K., Ohta, Y. &
Andresen, A. (eds) Tertiary Tectonics of Svalbard. Extended Abstracts from
Symposium Held in Oslo. Norwegian Polar Institute Report Series, 46, 93–97
[extended abstract].

Gabrielsen, R.H. & Færseth, R.B. 1989. The inner shelf of North Cape, Norway
and its implications for the Barents Shelf–Finnmark Caledonide boundary. A
comment. Norsk Geologisk Tidsskrift, 69, 57–62.

Gabrielsen, R.H., Faerseth, R.B. & Jensen, L.N. 1990. Structural Elements of the
Norwegian Continental Shelf, Part. 1. The Barents Sea Region. Norwegian
Petroleum Directorate, Stavanger.

Gabrielsen, R.H., Grunnaleite, I. & Ottesen, S. 1993. Reactivation of
fault complexes in the Loppa High area, southwestern Barents Sea. In:
Arctic Geology and Petroleum Potential, 2. Elsevier, Amsterdam, 631–641 Q12

¶
.

Gabrielsen, R.H., Grunnaleite, I. & Rasmussen, E. 1997. Cretaceous and Tertiary
inversion in the Bjørnøyrenna Fault Complex, south-western Barents Sea.
Marine and Petroleum Geology, 14, 165–178.

Gabrielsen, R.H., Braathen, A., Olesen, O., Faleide, J.I., Kyrkjebø, R. &
Redfield, T.F. 2005. Vertical movements in south-western Fennoscandia: a
discussion of regions and processes from the Present to the Devonian. In:
Norwegian Petroleum Society Special Publications, 12, 1–28 Q13

¶
.

Gabrielsen, R.H., Faleide, J.I., Leever, K.A. & Grunnaleite, I. 2011. Strike-slip
related inversion-tectonics of the southwestern Barents Sea (Norwegian Shelf )
in a plate tectonic perspective. EGU General Assembly 2011. Geophysical
Research Abstracts, 13 Q14

¶
.

Gac, S., Klitzke, P., Minakov, A., Faleide, J.I. & Scheck-Wenderoth, M. 2016.
Lithospheric strength and elastic thickness of the Barents Sea and Kara Sea
region. Tectonophysics, http://doi.org/10.1016/j.tecto.2016.04.028.

Glørstad-Clark, E., Faleide, J.I., Lundschien, B.A. & Nystuen, J.P. 2010. Triassic
seismic sequence stratigraphy and paleogeography of the western Barents Sea
area. Marine and Petroleum Geology, 27, 1448–1475.

Glørstad-Clark, E., Clark, S.A., Faleide, J.I., Bjørkesett, S.S., Gabrielsen, R.H. &
Nystuen, J.P. 2011. Basin dynamics of the Loppa High area, SW Barents Sea:
A history of complex vertical movements in an epicontinental basin. In:
Glørstad-Clark, E. (ed.) Basin analysis in western Barents Sea area: The
interplay between accommodation space and depositional system. PhD thesis,
University of Oslo Q15

¶
.

Gradstein, F.M., Anthonissen, E., Brunstad, H., Charnock, M., Hammer, O.
Hellem, T. & Lervik, K.S. 2010. Norwegian offshore stratigraphic lexicon
(NORLEX). Newsletters on Stratigraphy, 44, 73–86.

Grogan, P., Østvedt-Ghazi, A.M., Larssen, G.B., Fotland, B., Nyberg, K.,
Dahlgren, S. & Eidvin, T. 1999. Structural elements and petroleum geology of
the Norwegian sector of the northern Barents Sea. In: Fleet, A.J. & Boldy, S.A.
R. (eds) Petroleum Geology of Northwest Europe: Proceedings of the 5th
Conference. Geological Society, London, 247–259, http://doi.org/10.1144/
0050247

Gudlaugsson, S.T., Faleide, J.I., Johansen, S.E. & Breivik, A.J. 1998. Late
Palaeozoic structural development of the south-western Barents Sea. Marine
and Petroleum Geology, 15, 73–102.

Henriksen, E., Ryseth, A.E., Larssen, G.B., Heide, T., Rønning, K., Sollid, K. &
Stoupakova, A.V. 2011. Tectonostratigraphy of the greater Barents Sea:
implications for petroleum systems. In: Spencer, A.M., Embry, A.F., Gautier,
D.L., Stoupakova, A.V. & Sørensen, K. (eds) Arctic Petroleum Geology.
Geological Society, London, Memoirs, 35, 163–195, http://doi.org/10.1144/
M35.10

Macgregor, D.S. 1995. Hydrocarbon habitat and classification of inverted rift
basins. In: Buchanan, J.G. & Buchanan, P.G. (eds) Basin Inversion.
Geological Society, London, Special Publications, 88, 83–93, http://doi.org/
10.1144/GSL.SP.1995.088.01.06

Mosar, J., Eide, E.A., Osmundsen, P.T., Sommaruga, A. & Torsvik, T.H. 2002.
Greenland–Norway separation: a geodynamic model for the North Atlantic.
Norwegian Journal of Geology, 82, 282.

Pascal, C. & Gabrielsen, R.H. 2001. Numerical modelling of Cenozoic stress
patterns in the mid Norwegian Margin and the northern North Sea. Tectonics,
20, 585–599.

Pascal, C., Roberts, D. & Gabrielsen, R.H. 2005. Quantification of neotectonic
stress orientations and magnitudes from field observations in Finnmark,
northern Norway. Journal of Structural Geology, 27, 859–870.

Pascal, C., Roberts, D. & Gabrielsen, R.H. 2006. Present-day stress orientations
in Norway as deduced from stress-release features. In: Lu, M., Li, C.C.,
Kjørholt, H. & Dahle, H. (eds) In-situ Rock Stress. Measurement,
Interpretation and Application. Taylor & Francis, London, 209–213.

Pascal, C., Roberts, D. & Gabrielsen, R.H. 2010. Tectonic significance of
present-day stress relief phenomena in formerly glaciated regions. Journal of
the Geological Society, London, 167, 363–371, http://doi.org/10.1144/0016-
76492009-136

Riis, F., Vollset, J. & Sand,M. 1986. Tectonic development of thewestern margin
of the Barents Sea and adjacent areas Q16

¶
.

Ritzmann, O. & Faleide, J.I. 2007. Caledonian basement of the western Barents
Sea. Tectonics, 26 Q17

¶
.

Roberts, A.M. & Yielding, G. 1991. Deformation around basin-margin faults in
the North Sea/mid-Norway rift. In: Roberts, A.M., Yielding, G. & Freeman, B.
(eds) The Geometry of Normal Faults. Geological Society, London, Special
Publication, 56, 61–78, http://doi.org/10.1144/GSL.SP.1991.056.01.05

Rønnevik, H., Beskow, B. & Jacobsen, H.P. 1982. Structural and stratigraphic
evolution of the Barents Sea. In: Arctic Geology and Geophysics: Proceedings
of the Third International Symposium on Arctic Geology. Canadian Society of
Petroleum Geologists, Memoir, 8, 431–440 Q18

¶
.

Stewart, D.J., Berge, K. & Bowlin, B. 1995. Exploration trends in the southern
Barents Sea. In: Norwegian Petroleum Society Special Publications, 4,
253–276 Q19

¶
.

Sund, T., Skarpnes, O., Jensen, L.N. & Larsen, R.M. 1986. Tectonic development
and hydrocarbon potential offshore Troms, Northern Norway. In: Halbouty, N.T.
(ed.) Future Petroleum Provinces of the World. AAPG Memoirs, 40, 615–628.

Turner, J.P. & Williams, G.A. 2004. Sedimentary basin inversion and intra-plate
shortening. Earth-Science Reviews, 65, 277–304.

Early Cretaceous tectonic inversion in the Loppa High area

http://doi.org/10.1144/GSL.SP.1995.088.01.30
http://doi.org/10.1144/GSL.SP.1995.088.01.30
http://doi.org/10.1144/GSL.SP.1995.088.01.30
http://doi.org/10.1111/j.1365-246X.2007.03595.x
http://doi.org/10.1111/j.1365-246X.2007.03595.x
http://doi.org/10.1111/j.1365-246X.2007.03595.x
http://doi.org/10.1144/GSL.SP.1989.044.01.25
http://doi.org/10.1144/GSL.SP.1989.044.01.25
http://doi.org/10.1144/GSL.SP.1989.044.01.25
http://doi.org/10.1144/GSL.SP.1989.044.01.18
http://doi.org/10.1144/GSL.SP.1989.044.01.18
http://doi.org/10.1144/GSL.SP.1989.044.01.18
http://doi.org/10.1144/SP306.1
http://doi.org/10.1144/SP306.1
http://doi.org/10.1144/0070885
http://doi.org/10.1144/0070885
http://doi.org/10.1144/0070885
http://doi.org/10.1144/0040933
http://doi.org/10.1144/0040933
http://doi.org/10.1144/gsjgs.141.4.0651
http://doi.org/10.1144/gsjgs.141.4.0651
http://doi.org/10.1016/j.tecto.2016.04.028
http://doi.org/10.1016/j.tecto.2016.04.028
http://doi.org/10.1144/0050247
http://doi.org/10.1144/0050247
http://doi.org/10.1144/0050247
http://doi.org/10.1144/M35.10
http://doi.org/10.1144/M35.10
http://doi.org/10.1144/M35.10
http://doi.org/10.1144/GSL.SP.1995.088.01.06
http://doi.org/10.1144/GSL.SP.1995.088.01.06
http://doi.org/10.1144/GSL.SP.1995.088.01.06
http://doi.org/10.1144/0016-76492009-136
http://doi.org/10.1144/0016-76492009-136
http://doi.org/10.1144/0016-76492009-136
http://doi.org/10.1144/GSL.SP.1991.056.01.05
http://doi.org/10.1144/GSL.SP.1991.056.01.05


1717

1718

1719

1720

1721

1722

1723

1724

1725

1726

1727

1728

1729

1730

1731

1732

1733

1734

1735

1736

1737

1738

1739

1740

1741

1742

1743

1744

1745

1746

1747

1748

1749

1750

1751

1752

1753

1754

1755

1756

1757

1758

1759

1760

1761

1762

1763

1764

1765

1766

1767

1768

1769

1770

1771

1772

1773

1774

1775

1776

1777

1778

1779

1780

1781

1782

1783

1784

1785

1786

1787

1788

1789

1790

1791

1792

1793

1794

1795

1796

1797

1798

1799

1800

1801

1802

1803

1804

1805

1806

1807

1808

1809

1810

1811

1812

1813

1814

1815

1816

1817

1818

1819

1820

1821

1822

1823

1824

1825

1826

1827

1828

1829

1830

1831

1832

1833

1834

1835

1836

1837

1838

1839

1840

1841

1842

1843

1844

1845

1846

1847

1848

Vågnes, E., Gabrielsen, R.H. & Haremo, P. 1998. Late Cretaceous–Cenozoic
intraplate contractional deformation at the Norwegian continental shelf:
timing, magnitude and regional implications. Tectonophysics, 300, 29–46.

Wood, R.J., Edrich, S.P. & Hutchison, I. 1989. Influence of North Atlantic
tectonics on the large-scale uplift of the Stappen High and Loppa High,
western Barents Shelf. In: Extensional Tectonics and Stratigraphy of the North
Atlantic Margins. AAPG Memoirs, 46, 559–566Q20

¶
.

Worsley, D., Johansen, R. & Kristensen, S.E. 1988. The Mesozoic and Cenozoic
succession of Tromsøflaket. A lithostratigraphic scheme for the Mesozoic and
Cenozoic succession offshore mid- and northern Norway. In: Dalland, A.,
Worsley, D. & Ofstad, K. (eds) A Lithostratigraphic Scheme for the Mesozoic
and Cenozoic and Succession Offshore Mid- and Northern Norway.
Norwegian Petroleum Directorate Bulletin, 4, 42–65.

Ziegler, P.A. 1978. North-western Europe: tectonics and basin development.
Geologie en Mijnbouw, 57, 589–626.

K. Indrevær et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




