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JOHNSON , H., DORÉ , A. G., GATLIFF , R. W., HOLDSWORTH , R., LUNDIN , E. R. & RITCHIE , J. D. (eds)
2008. The Nature and Origin of Compression in Passive Margins. Geological Society, London, Special
Publications, 306.
RITCHIE , J. D., JOHNSON , H.,QUINN , M. F. & GATLIFF , R. W. 2008. The effects of Cenozoic compression
within the Faroe –Shetland Basin and adjacent areas. In: JOHNSON , H., DORÉ , A. G., GATLIFF , R. W.,
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StatoilHydro, USA

ROBERT W. GATLIFF
British Geological Survey, Edinburgh, UK

ROBERT W. HOLDSWORTH
Durham University, UK

ERIK R. LUNDIN
StatoilHydro, Norway
and

J. DEREK RITCHIE
British Geological Survey, Edinburgh, UK

2008
Published by
The Geological Society
London

THE GEOLOGICAL SOCIETY
The Geological Society of London (GSL) was founded in 1807. It is the oldest national geological society in the world
and the largest in Europe. It was incorporated under Royal Charter in 1825 and is Registered Charity 210161.
The Society is the UK national learned and professional society for geology with a worldwide Fellowship (FGS) of
over 9000. The Society has the power to confer Chartered status on suitably qualified Fellows, and about 2000 of the
Fellowship carry the title (CGeol). Chartered Geologists may also obtain the equivalent European title, European
Geologist (EurGeol). One fifth of the Society’s fellowship resides outside the UK. To find out more about the Society,
log on to www.geolsoc.org.uk.
The Geological Society Publishing House (Bath, UK) produces the Society’s international journals and books, and
acts as European distributor for selected publications of the American Association of Petroleum Geologists (AAPG),
the Indonesian Petroleum Association (IPA), the Geological Society of America (GSA), the Society for Sedimentary
Geology (SEPM) and the Geologists’ Association (GA). Joint marketing agreements ensure that GSL Fellows may
purchase these societies’ publications at a discount. The Society’s online bookshop (accessible from www.geolsoc.org.uk)
offers secure book purchasing with your credit or debit card.
To find out about joining the Society and benefiting from substantial discounts on publications of GSL and other
societies worldwide, consult www.geolsoc.org.uk, or contact the Fellowship Department at: The Geological Society,
Burlington House, Piccadilly, London W1J 0BG: Tel. þ44 (0)20 7434 9944; Fax þ44 (0)20 7439 8975; E-mail:
enquiries@geolsoc.org.uk.
For information about the Society’s meetings, consult Events on www.geolsoc.org.uk. To find out more about the
Society’s Corporate Affiliates Scheme, write to enquiries@geolsoc.org.uk.
Published by The Geological Society from:
The Geological Society Publishing House, Unit 7, Brassmill Enterprise Centre, Brassmill Lane, Bath BA1 3JN, UK
(Orders: Tel. þ44 (0)1225 445046, Fax þ44 (0)1225 442836)
Online bookshop: www.geolsoc.org.uk/bookshop
The publishers make no representation, express or implied, with regard to the accuracy of the information contained in
this book and cannot accept any legal responsibility for any errors or omissions that may be made.
# The Geological Society of London 2008. All rights reserved. No reproduction, copy or transmission of this
publication may be made without written permission. No paragraph of this publication may be reproduced, copied or
transmitted save with the provisions of the Copyright Licensing Agency, 90 Tottenham Court Road, London W1P 9HE.
Users registered with the Copyright Clearance Center, 27 Congress Street, Salem, MA 01970, USA: the item-fee code
for this publication is 0305-8719/08/$15.00.
British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library.
ISBN 978-1-86239-261-8
Typeset by Techset Composition Ltd, UK
Printed by MPG Books Ltd, Bodmin, UK
Distributors
North America
For trade and institutional orders:
The Geological Society, c/o AIDC, 82 Winter Sport Lane, Williston, VT 05495, USA
Orders:
Tel þ1 800-972-9892
Fax þ1 802-864-7626
E-mail gsl.orders@aidcvt.com
For individual and corporate orders:
AAPG Bookstore, PO Box 979, Tulsa, OK 74101-0979, USA
Orders:
Tel þ1 918-584-2555
Fax þ1 918-560-2652
E-mail bookstore@aapg.org
Website http://bookstore.aapg.org
India
Affiliated East-West Press Private Ltd, Marketing Division, G-1/16 Ansari Road, Darya Ganj, New Delhi 110 002, India
Orders:
Tel þ91 11 2327-9113/2326-4180
Fax þ91 11 2326-0538
E-mail affiliat@vsnl.com

Preface
The tectonic evolution of passive continental
margins is a topic not only of fundamental scientific interest, but also has relevance to various
commercial developments, not least of which is
the exploration and development of oil and gas
resources. Increasingly, researchers have reported
that passive margins do not show a simple uninterrupted thermal sag pattern of post-rift subsidence
following continental separation as predicted by
the McKenzie model for sedimentary basin
development. Rather, the structural and stratigraphic development of such margins may record
evidence of complex phases of differential
subsidence and/or exhumation and fold development. Consequently, some passive margins have
been considered to be ‘anything but passive’.
There are many ways in which post-breakup
tectonism on passive margins can significantly
affect petroleum systems. Some effects may be
positive with respect to petroleum prospectivity,
such as the development of large trapping
structures. For example, some structural domes
form major oil and gas fields, such as the Ormen
Lange gas field offshore Norway, and others form
possible future exploration targets. However,
other effects may be negative with respect to
petroleum prospectivity, such as uplift, trap
tilting, fault reactivation, seal breach, and late
timing of the structuring with respect to source
rock maturation. Some of the fold structures
observed on passive continental margins appear to
be related to regional stresses transmitted through
basement rocks, whereas others are related to
gravitational sliding and toe-thrusting. Especially
on volcanic passive margins, morphologically
similar, but generically quite separate types of
fold structures occur that are related to igneous
intrusion or the emplacement of remobilized crust
or magmatically underplated material at depth.
This special publication concentrates on the first
of these categories, that is compressive structures
that appear to have formed on passive margins in
the absence of an obvious gravitational sliding
regime. The volume is derived from a joint
Petroleum Group/Tectonic Studies Group 2-day
international conference ‘Compressional deformation within passive margins: nature, causes and
effects’ which was held at the Geological Society,
London in October 2005.
The first section of the volume consists of three
regional overview papers that consider the
fundamental driving mechanisms that have been
proposed to account for the generation, location
and orientation of post-breakup compressional

structures. A common theme in these papers is
their emphasis upon the importance of structural
inheritance through the reactivation of pre-existing
structural architecture, which commonly exerts a
strong local influence on the location and orientation of subsequent fold development. The relative
merit of the potential driving mechanisms on the
volcanic margin of the NE Atlantic is discussed
by Doré et al. They present the results of interdisciplinary studies to provide an introduction to the
topic of post-breakup compression on passive
margins in general before going on to review the
complex nature, timing and distribution of postbreakup fold development on the NE Atlantic
passive margin in particular. They recognize the
importance of a number of primary and secondary
driving mechanisms and also present some interesting new ideas on the potential importance of body
force exerted by the Iceland Insular Margin, and
on the factors governing location of the structures.
Cloetingh et al. use examples from European
passive margins and rifts to demonstrate that
polyphase deformation of a compressional nature
is a common feature in their post-rift evolution.
The mode of compressional deformation appears
to be strongly affected by the rheological structure
of the underlying lithosphere and is characterized
by a spectrum of spatial wavelengths spanning
several tens of kilometres up to several hundreds
of kilometres and by substantial differential vertical
motions and late-stage anomalies in subsidence and
uplift patterns. Hillis et al. summarize and compare
present-day intraplate stresses, seismicity and
neotectonic deformation in the Australian continent, focusing on its passive margins, in order to
evaluate the extent to which this deformation can
be accounted for in terms of the boundary forces
acting on the plate. They argue that plate boundary
forces are effectively transmitted thousands of
kilometres into the Australian plate’s interior
where they are responsible for intraplate
deformation.
The next section of this volume comprises four
papers that examine post-breakup compression and
uplift along the NE Atlantic margin and the Irish
Sea. Holford et al. present a synthesis of extensive
apatite fission-track analysis, vitrinite reflectance
and a compaction database derived from sonic
velocity and density log-derived porosities to
demonstrate kilometre-scale Neogene exhumation
driven by compressional deformation in the Irish
Sea basin system. This interpretation contrasts
with many previous studies which have attributed
the exhumation of this region to processes
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associated with the early Palaeogene initiation of
the Iceland Plume. Ritchie et al. describe the
effects of Cenozoic compression within the
Faroe– Shetland Basin and surrounding areas,
which are mainly manifested in the form of
growth folds. Evidence is presented for a number
of pulses of compression. Raised sea bed profiles
over some of the anticlinal features may suggest
that the effects of compressional stress continue
into Pliocene to Recent times. Smallwood presents
a Cenozoic topographic model for the Faroe –
Shetland Basin that takes account of permanent
uplift from igneous underplating, which is computed from gravity anomaly data, transient regional
uplift and a simple elevation-dependent erosion
term, under isostatic balance. The sediment
volume balance suggests that around thirty per
cent of the Paleocene sediments currently in the
basin were sourced from a westerly provenance
area, the pre-basalt Faroes platform terrane or
East Greenland. Ziska et al. interpret previously
unreleased commercial seismic profiles within the
region to the SW of the Faroe Islands and suggest
that these ridges were primarily initiated by a transient rifting event in the early Paleocene and were
subsequently modified by significant compressive
phases.
The final section of the volume comprises three
papers that examine various pure and applied
aspects of post-breakup tectonism in the West
Iberia and Australia regions. Péron-Pinvidic et al.
use seismic reflection data to examine localized
deformation on the West Iberia margin associated
with Eocene and Miocene compressive tectonic
events that probably resulted from collision

between Iberia, Europe and Africa. Keep &
Harrowfield present a synthesis of Neogene tectonism in the Browse and Bonaparte basins along
Australia’s North West Shelf and attempt to reconcile the growth of major Neogene depocentres with
brittle normal faults in a convergent plate boundary
setting. Rogers et al. utilize a geomechanical model
of the in situ stress field, the mechanical properties
of the fault rock and the orientations of existing
faults to assess the propensity of fault reactivation
within a proposed demonstration site for the subsurface geological storage of carbon dioxide
located in southeastern Australia.
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