INTERACTI



Faults typically form as a network

How do we best interpret intferacting faults and tell between
erent types of fault interaction?

INTRODUCTION



One set of faults

Forms within single stress field (top)

By mutual abutting & cross-cutting
relationships of conjugate fields

Overprinting/superposition of 22
stress fields (bottom)

Interactions between faults of different
ages/type are produced

=-existing faults




Geometrically linked

Kinematically linked

> ion of the two

INTERACTING FAULT TYPES



Deformation history

Normal faults striking ~25° & related gentle folds

Sinistral shear then dextral reactivation of some 95° striking normal
faults

~ Reverse-reactivation of Mesozoic & older structures

> : by strike slip faults

>

GEOLOGICAL BACKGROUND OF
FIELD EXAMPLES
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Flg 4. Geological map of part of the Somerset coast, reproduced with the permission of the British Geological Survey ©NERC. All rights Reserved. The bocations of Lilstodk, Kilve,
East Quantoxchead, Watchet and Blue Anchor Bay are shown.

Range of fault intferactions occurring along the Somerset coast in the United Kingdom



Faults are isolated, fail to interact & are not connected (Figure 4)

Faults interact when approaching each other (Figure 5A)

Kinematically, but not geometrically linked

One fault abuts another (Figure 5B)

> R displaced by later fault (Figure 5C)

>

GEOMETRIC RELATIONSHIPS BETWEEN
INTERACTING FAULTS



Kilve that approach each other and interact but do not actually meet. Interaction is indicated b

alomg the sinistral fauli. (b) & normal fault abuts another normal fault on a bedding plane of Li imestone at Watchet. Mote that this rock was not in sine () Oblsquee view of a
strike-slip fault cutting and displacing a normal fault zone ar East Quantoxhead. (d) Oblique view of two conjugate strike-slip fault zones at East Quantosxhead rhat appear o
mutually crosscut each other. This is indicated by the intricate pattern of fault segments and areas of relative uplift and subsidence in the interaction zone.[For interpretation of the
references to colowr in this figure legend, the reader is referred 1o the web version of this amicle.)

Geometric relationships between faults are characterized and identified based on
if and how they intersect.



Abutting fault in
hanging-wall
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Flz. 7. Characterisation of nonmal faukt interactions based onwhether the abutting fault & synthetic or antithetic o the other Fault and whether it is in the hanging-wall or footwall
of the other fault. {a)—{c) Abutting faults in the hanging-wall. [a) The abutting fault is synthetic to and in the hanging-wall of the fault it abuwts. (b) The sbutting fault is antithetic to
and in the hanging-wall of the fault it abuwts. (c) The abutting fault & in the hanging-wall of the fault it abuts, and they are perpendicular to each other {d}—(f) Abutting faults in the
foorwall. (d) The abutting faulr is syntheric o and in the foorwall of the Fault it abuts. (e) The abuwtting fault is antithetic to and in the footwall of the fault it abuts. () The abutting
fawlt is in the fooreall of the faulkt it aburs, and they are perpendicular to each ather,

Additional characterization for intersections between normal faults, adccording to

relafive dip directions of faults, & whether it's in the hanging wall or footwall.



Intersection line
parallel to slip
Breached relay ramp
Intersection
point

Intersection
point

"Intersection
: e - Felsl
T f","".".".:.' , | points

Defined on basis of relationships between
intersection line

Parallel to displacement direction (top)
Perpendicular to displacement direction (middle)

Parallel to displacement direction of one fault &
perpendicular to that of the other (bottom)

May also be curved
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Defined on basis of relative shear
stress of interacting faults

Anfithetic relationship (top)
Synthetic relationship (middle)

Neutral relationship (boftom)
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2 intersecting normal faults
synchronously active (q)

Late fault -;; i

L ——

Normal fault cut by a later dextral
strike-slip fault (b)

Calcite veins showing trailing
relationship (c)

East Quantoxhead fault (d)

Trailing: two faults/fractures
connected through an older
fault/fracture

: Descriptive schemes break down
o for faults involving more than one

% Foldingin” & deformation event
" «hangingswail

Trailing =7 ' _ Some early faults passively folded
Ml : - 3 " by later fault, found in footwall-
Early véin T . : propagating thrust systems
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Flg 12. Examples of faults and veins showing interacting faults with different relative ages, from the Liassic limestones and shales of Somerset, UK. (a) Two intersecting normal
faukts at Kilve that appear to have been synchronously active, as indicated by the folding of bedding berween the faules. (b) A normal and a lager thruse fawlr at Lilstock showing an
approaching relationship. (] Calcite veins on a bedding plane of Liassic limestone at Lilstock. Two Later veins intersect and utilise an earlier, with the trailing geometry causing an
increase in aperture of the earlier vein between the later veins, (d) The East Quantoxhead fault, which has -50 m of net normal displacement but that has been partially reactivated
as a reverse fault {\Whirt: nd Green, 1983). Antithetic thrusts ocour in the hanging-wall, kinemarically interacting with the reverse-reactivated normal fault




On Synchronously Active Faults

Displacement transferred between sub-parallel interacting normal faults
going across relay ramps

Relay Ramps: came from high displacement gradients near tips of
interacting faults & displacement transferred between them

On Non-synchronous Faults

A fault can control displacement activities of another fault, despite
erences in age

Jnical barriers to later faults

DISPLACEMENTS ALONG
INTERACTING FAULTS



An area of deformation from interaction of >2 faults

Approaching Damage Zones

Area of deformation related to intersection between =22 non-intersecting faults

~ Intersection Damage Zones

> intersection point of 22 faults

INTERACTION DAMAGE ZONES



Deformation centered in zones of interacting & intersecting faults

Fluid migration & enfrapment are influenced by said faults

Strain is concentrated in deformation areas to take up
displacement variations along faults & to set up space problems
om fault interaction

pposedly conftrol fluid flow around
dlace in subsurface

INTERACTION DAMAGE ZONES (CONT.)




Faults serve as mechanical barriers controlling subsequent deformation

In situ stresses are perturbed around non-active faults

> bation appears especially acute in fault interaction zones

EFFECTS OF FAULT INTERACTION ON
SUBSEQUENT DEFORMATION



(e} Branch line parallel to slip {f) Branch line perpendicular to slip (@) Different slip directions
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Flg. 15. Classification of intersecting faults. {a) to (d) Classificamnon based on the geometric relationships between the faults. {a) The faults interact as they approach each other, but
they need not be connected by faults or other fractures [can be similar to the lnkege-domage zome of Kim et al., 2004). (b) One faulr abuts the other. (c) One fault (earlier} is cut by
the other | later). (d) The faults mutually crosscut each others. [e) to (g) Oassification based on the relationship berween the intersection line and the displacernent directson. (e) The
intersection line i parallel to the displacement direction. [F) The intersecton line is perpendicular to the displacement direction. (g) The intersection line i parallel to the
displacement direction of ane fault and perpendicular to the displacement direction of the ather fault. (h) to (1) Classification based on the relative shear senses of the Faults and the
dominant strains at the interactions. (b} Antithetic relationship, where the faults have opposite senses of dsplacement. (1) Synthetic relationship, where the faults have the same
senses of displacement, approximately perpendicular to the intersection line. (j) Meutral relationship, where the faults have the same senses of displacement, approximately parallel
to the intersection line. (k) and (1) Sub-classification for antithetic interactions based on the dominant strain in the acute bisectors of the faults. (k) Extension dominates in the acute
hisector, although contractien may dominate in the obtuse bicector, (1} Contraction dominates in the acute bisector, althowgh extension may dorminate in the obtuse bisector. {m) to
(o} Classthicarion based on the relative ages of the intersecting faults. () The faults are synchronous. (n) The faults are different ages. (o) “Tralling™ geormetry, where part of an
earlier fault is reactivated by interactson with Later faults. (p)] One or both faulrs have been reactivated.

CLASSIFICATION
SCHEME



Certain criteria is used to determine & identify fault interactions
Geometric relationships
Relationship between intersection line & displacement direction
Displacement & strain in interaction zone

Relative age relafionships

neme allows us to understand stresses & strains occurring
ion, & determine its damage

een 22 faulfs

CONCLUSION
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