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Neotectonic vertical motions and seismicity in Europe

EROEURGERE:

gEen:SCience  oficoupledisurface;anad
[Ithesphere & mantie'procCesses of
cofntinentall Eurepeandglits margimns

Earthquakes

% Areas going up
= Areas going down

ke

Post-rift fault reactivation in the Netherlands vrije Universiteit amsterdam ﬁ

Cloetingh et al., 2007 (GPC)




Contents

Strengtn evolution and seismicity of Eurepean rift: systems

Fault reactivation in the Netherlands
diRaeer Valley Rift System: seismicity and reactivation potential

H ' West Netherlands Basin inversion

dl Implications of fault reactivation for exploration

Production induced fault reactivation in the NE Netherlands

reference

L

Post-rift fault reactivation in the Netherlands vrije Universiteit amsterdam



European Cenozoic Rift System (ECRIS)
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Lithosphere extension and rift basin formation
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3-D rheological strength models
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Strength evolution of rift basins

. strength(MPa) / Temperature

[$)] w
[=] o
o o o

| |

sediments

syn-rift
stretching & heating

post-rift cooling

sediment overfilled 1

integrated strength (TN/m)

Ziegler et al., 1998

Post-rift fault reactivation in the Netherlands

Iin time the posi-rifi sirengtn
can evenexceed theinitial pre-
rifd strengthiofi the lithosphere:

=Young (hot) rifis are weak
*@1d(cold) rifis/are sirong

ke

vrije Universiteit amsterdam




Present-day strength of the European lithosphere
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Present-day strength of ECRIS rift systems

Z2-DIprafiles extracted/iromitne’ 3:Dstrengiin CULES
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Correlation strong/weak zones with seismicity
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Seismicity in the Netherlands
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Roer Valley Rift System (RVRS)

Seismicity and main structural elements
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Paleo-seismicity studies in RVRS

Jrenchimg acrass tne =eldhiss fault:zone;
alborderfauvltefithe’Raer Valley/Graben
(SENetheriands):

250:000yreldnveridenasiis (lefi) have
peendisplaced Simdewnwards aleng
theldault

Post-rift fault reactivation in the Netherlands

Houtgast, 2002

vrije Universiteit amsterdam

L



SE-NETHERLANDS
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Modelling of fault reactivation in RVRS
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Potential for fault reactivation
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Fault reactivation potential of the RVRS

Normal faulting stress regime Strike-slip faulting stress regime
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West-Netherlands Basin
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Implications of fault reactivation for exploration
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Implications for hydrocarbon exploration
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Implications for hydrocarbon exploration
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Dynamic Fault Seal project
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Natural versus induced seismicity in the Netherlands
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Induced seismicity in the NE Netherlands
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Production induced seismicity

(Changes Inpoerepressure conditions
aduring|H G proguction (injection/depletion)
O C@Z sterageinagucechangesiin

Shear Stress (MPa)

15 25

/de\meﬂon\ effective stress, ...
35 45 5

5

Effective Normal Stress (MPa)

l.ocal effects:
O’ change in fault permeability

(@]
c
o
<Ul—|
()
gé
—
83
 ©
— 4=
T o
[
>
E
[3)
x

a
o O
L

0.10 0.20

030 040 | 3 change in structural fabric

Relative shear displacement [m] D Stl’eSS I’eorganization

—— 3 years after the start of gas injection 4yr Syr 7yr

Orlic, 2008

N

Post-rift fault reactivation in the Netherlands vrije Universiteit amsterdam




Seismo-tectonic fault modelling of NE Netherlands
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1. Build a 3D structural fault model

2. Compute 3D stress distribution
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3. Perform slip tendency & fault reactivation analysis on fault planes
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Construction of 3D structural fault model
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P sub-model region B

Quantification of fault reactivation potential \
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Surface displacements

Prediction of surface uplift & subsidence

(Buchmann, 2008)
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Verification and calibration
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High resolution 3D finite element modelling
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Conclusions

European ECRIS rift systems are still rheoclogically: weak
structures with increased|seismicity

. Inthe Netherlands, earthguakes tend te occur. on pre-existing
fault planes inthe sulbsurface

dl Fault sliprandidilation tendency analyses can guantify the fault
reactivation potential of pre-existing faults, and/thus seismic
hazard

Fault reactivation may affect hydrocarbon recovery at
exploration and preduction time scales
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