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ABSTRACT

Pressure-solution residues in the Cretaceous to Paleocene chalk from
the North Sea area were studied to understand the pressure-solution
process and fluid flow. Residue seams reach lengths and thickness of
more than 800 and 0.15 m (2625 and 0.5 ft), respectively. Seams can
present significant barriers to fluid flow because they have nanno-
darcy permeability and hold back large pressure differentials.
Stylolite amplitudes decrease when they merge, making it diffi-
cult to quantify volume loss. Measuring amplitudes allows volume-
loss estimates using a new dissolution ratio method. The sum of the
thicknesses of all residues is multiplied by the maximum amplitude-
to-residue thickness ratio. On average, 30 mm (1.2 in.) of chalk had
to be dissolved to produce a 1-mm (0.04-in.)-thick residue. The vol-
ume loss of chalk from Flamborough averages about 50% and is
60% in the Machar oil field, United Kingdom Central Graben.
The minimum fluid volume required to produce the volume loss
in 1 unit volume of preserved chalk on the Machar field is estimated
to be 8000 unit volumes. This and the stable isotopes of vein carbon-
ates imply that the pressure-solution process involved an open-fluid
system. High illite content in mixed layered illite-smectite and high
illite crystallinity of clays in the pressure-solution seams in the Machar
reservoir indicate high diagenetic maturity, with implied tempera-
tures in the range of 200-360°C (392-680°F), which is greater than
the present-day reservoir temperature of 85°C (185°F). The anoma-
lously hot temperatures are interpreted to be produced by deep miner-
alizing fluids transported from the Central Graben. The lack of abun-
dant veining in the chalk and the large fluid volumes involved in the
chalk dissolution suggest that this was an open pressure-solution system.

INTRODUCTION

Pressure solution in carbonate rocks is a very important phenom-
enon that affects the quality of hydrocarbon reservoirs. The Creta-
ceous chalk of the North Sea is a principal reservoir horizon in the
Central Graben area. It is particularly prone to pressure solution
because of its fine grain size, and stylolitization is a widespread phe-
nomenon. Stylolites can pose important barriers to fluid flow. This

Copyright ©2005. The American Association of Petroleum Geologists. All rights reserved.

Manuscript received February 10, 2004; provisional acceptance June 3, 2004; revised manuscript
received October 4, 2004; final acceptance October 25, 2004.

DOI:10.1306/10250404015

AAPG BULLETIN, V. 89, NO. 3 (MARCH 2005), PP. 383-401 383

AUTHORS

M. SAFARICZ ~ Department of Geology, Royal
Holloway, University of London, Egham, Surrey
TW20 OEX, United Kingdom, present address:
Universitat Potsdam, Institut fiir Geowissen-
schaften, Postfach 60 15 53, 14415 Potsdam,
Germany; safaricz@geo.uni-potsdam.de

Markus Safaricz is a structural geologist at Potsdam
University. He received his M.S. degree from
Miinster University and his Ph.D. from Royal
Holloway, University of London. His current re-
search interests include the structural control of
fluid flow, and orogeny and neotectonics in
central Asia. He has worked on drag folds as-
sociated with extensional faults and on poly-
metallic mineralization in active strike-slip zones
in the Atacama desert.

I. DAVISON ~ Earthmoves Ltd.,, Chartley
House, 38-42 Upper Park Road, Camberley,
Surrey, GU15 2EF, United Kingdom;
i.davison@earthmoves.co.uk

lan Davison received a Ph.D. in geology from
Leeds University, United Kingdom. He worked
in the North Sea exploration for 3 years with
Britoil before moving to Salvador Federal Uni-
versity, Brazil, to lecture in tectonics for 5 years.
He was director of the Salt Tectonics Research
at Royal Holloway, University of London, for
10 years and is now a consultant specializing in
salt tectonics and frontier exploration along
the Atlantic margins.

ACKNOWLEDGEMENTS

This research was partly funded by a Natural
Environment Research Council (United King-
dom) Realising Our Potential Award and an
Avery Woodward award from Royal Hollo-
way, University of London. We thank BP, Co-
nocoPhillips (United Kingdom), Hardy Oil &
Gas, Ranger Oil (United Kingdom), and Santos
(Europe) for sponsoring the Salt Tectonics
Project at Royal Holloway. We thank BP for ac-
cess to the Machar cores and Darrel Harrison
for help in collecting field data at Flamborough
Head. Jeffrey Dravis, Bob Loucks, Kevin Biddle,
and David Peacock made useful comments on
this paper.





