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Summary

According to Sylvester (1988) a strike sllp fault is a fault on which most of the movement is parallel 1o
the fault's strike. They could be 100 km in length and amount of displacement is betwean faw milimeters to
tens of kilometres, Geologically we have en echelon arrays of fractures, faults and folds in narrow zones. In
addition strike slip faults displace structures like faults, folds, dikes, foliations, gills; they put rocks with
different age, lithology, facies and structure near each other.

In strike slip faults there are three major structures: 1- Shortening; 2-Extension; 3- Horlzontal shear.

Twa mechanisms explain the geometric and dynamic relation ameong these faults and assoclated
structures:

1- Pure shear; 2- Simple shear
The major strike slip faults of the warld fall in the domain of simple shear (Sylvester 1388).

Thesa faults have been studied by making models In experimental tectonic laboratories. Flve sets of
fractures form in simple shaar in model experiments, experimantal deformation of homogeneous rocks undar
confining pressure, and in alluvium detarmed by surface rupturing during sarthquakes (sylvester 1388}

1- RAiedel sheare (B) at an angle of |2 with principal displacement zone (PDZ) and the sanse of strike
slipping is the same as PDZ (the first order structure),

2- Conjupate Riedel shears (A') at angle of 80 - (2 with (PDZ) and the sense of strike slipping is opposite to
tha POZ,

3 P shears at an angle of- /2 to the (PDZ) and the sense of strike slipping is the same as PDZ (the second
order structura).

4- Extonsion fractures (T) which develop at about 45 to the PDZ

5- Faults parallel (Y] to the PDZ

VA gAY agled - plgr Jle - YF Olas sk Ao




Fs

Furtherermore in the third dimension the axial surface of en echelon folds and riedsl shears, flower
structures can be obsarve, which depending on the direstion of movement, they subdivide to positive and
negative flower structures. As Harding (1585} shows in seismic profiles, a positive flower structura iz defined
as a linear antiform with upward and outward diverging movement of blocks in the sirike slip zone. The
antiform is sub parallel te¢ and thereby differs from the oblique erientation of en echaelon that can form
externally to the zone, these initial antiforms in positive flower structures can be potential for hydrocarbon
traps.

Experments of atrike slip faults started in 1928 by Cloos. Tchalenko {1968 and 1970) usad shear box and clay
to study the surface effects of sirike elip fault and compared them with an example in natural exampla of
*Dasht-a-Bayaz® fault {Iran). Naylor (1986) studied strike slip fault deformation in dry sand .

In ordar to apply modal results to naturs, model should be scaled kinamatfically, geometrically and

dynamically to nature. Stress ratic for model and nature is;

For a model to simulate its natural prototype, a sat of dimensionless ratios which relata the physical
properties of model material and natural rocks should be similar (Koyi and Peterson 1993). Here 4 sand

madel are prepared and defined in order to study the geometry and kinamatics of flower structures.

Introduction

Positive flower structures which occur In convergent strike-
slip faults are available to oil exploration, Harding has studied
positive and negative flower struciures by seismic data (Harding
1973 and 1985).

Experiments of strike- slip faults started in 1928 by Cloos
and 1529 by Riedsl who used clay cake. Tchalenke (1988 and
1970) used shear box and clay to study the surface effects of
strike- slip fault and compared them with an example In nature
*Dashi-a- Bayaz” fault (Iran).

Becauss clay models may be applicabla for the ductile
lower crust and sand models &re more appropriate to faulting in
sedimentary rocks of the britle upper crust (Mayler 1386)
nowadays use of sand is preferred. Emans [1858) published his
observation from suface and cross section during strike- alip
faulting in sandbox, In cross section he observed upward
moverment of blocks over basement fault and refarred to them as
horst and graben, In map view he obtained shapes similar to
Hiede! shear and principal displacement zone (POZ).

Maylor (1588) studied strike- slip fautt deformation in dry
sand and observed (F) Riedel shears, (5} splay faults, (F)
secondary aynthetic shears and (¥) shears parallel to the {PDZ). In
cross section, he showed two concave upward basement faults
diverging from the basament fault forming a tulip structure, In
addition ke concludad that the width and complexity of the strike-
slip iz determined by the total basement displacement, the initial
atrass state, and pure strike- slip displacements generate concava
upward faults arranged in twlip structure, convex upward fault in

the form of palm tree structure depend to transperssion or strike-
slip movement on steeply dipping basement fault.

Hare 4 sand model are prepared and defined in order 1o
study the geamatry and kinematics of flower struciures.

Strike- slip faults

A& strike- slip fault 13 a fault on which maost of the movement
is parallel 1o the fault’s strike. They could be 1030 Km in langth
and amount of digplacement is bstwesn few milimeters to tens of
kilomatars (Sylvester 1988).

Clearly all wrench, tranacurent and transtarm faults are by
geometry strike- slip faults (Freund 1574). Term wrench fault s
usad for & deep seated, regional, nearly vertical strike- slip fault
which invelves igneous and metamorphic bassment rocks as well
as supracrustal sedimentary rocks (Sylvester 1988). Transform
fault is used for a plate bounding strike- slip fault and transcurent
fault i¢ the general tarm for the variety of strike- slip fault which do
not cut the lithosphere [Sylvestar 1888). Freund [1974) has listed
the differences batwaan transform and transcurrent faults.

Geologically we have an echelon arrays of fractures, faults
and falds in narrow zones, In addition strike- slip faults displace
structures like faults, folds, dikes, foliations, sills and put rocks
with different age, lithelogy, facies and structure near each other.

Mechanism of strike- slip faults

In strike- slip faults thers are thres major structures
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1- Shertening
2. Extansion
3 Horizontal shear

These strustures have three main aspects in common;
1- The en echelon nature of folds and faults
2- Complication due to componants of reverse or normal dip- slip
on the basament fault, 3 Lateral offsets of basement Invalved
strike- slip faults which creats local extensile or shortening
structuras (Sylvster 1988).

Two mechanisms explain the geometric and dynamic
relation amang these faulta and associated structures
1- Pure shear
2- Simple shear

Pure shear produces ralatively short, typically conjugate sets
of strike- slip faults which help to accommodate the brittle
companent of strain in tectonic regimes of arustal shortening such
as ovar thrust belts. Extention fractures will form perpendicular o
elongation axis and shortening structures are perpendicular to the
shortening axis {Sylvester 1588).

The major strike- slip faults of the world are in domain of
simple shear (Sylvester 1988),

Five sets of fractures form in simple shear in model
expariments, experimental deformation of homogensous rocks
under confining pressure, and in alluvium deformed by surface
rupturing during earthquakes (fig.1) (Sylvestar 19848).

1- Riedel shears (A) at an angle nf@ with principal displacement
zone (PDZ) and the sense of strike—zslipping is the same as PDZ
(the first farm structure),
2. Canjugate Risdel shears (R) at angle of 90 ° -2 with (PDZ) and
the sansa of strike- slipping is cpposite 1 the {PD%}.
3 P shaars at an angle of - £ to the (PDZ) and the sense of strike-
slipping is the same as (PDZ]. (The second order structure).
4 Extension fractures (T) which develop at about 45 ° to the
(FDZ).
5 Faults paraliel ) to the (POZ).

Folds and thrust faults form initially perpandicular to the
axiz of shortening and at angle of 45 9 {0 the PDZ (Fig. 2). K
deformation continues then the fold axis will rotats according to
the armaunt of shearing. Folds associated with strike- slip faults are
typically arranged in en echelon patiern oblique 12 the principal
direction of shear. Thess folds are distributed in narrow and
persistent zones above or adjacent to a master strike- slip fault or
broad zones betwean two major strike- slip faults. These folds
received much attention from the petroleum industry (Sylvester
1288).

Structures in cross section

In three dimension, the axial surface of en echelon falds in a
sequence of strata overlying & rigid basemant are nearly yartical

A

B

Figure 1. Plan view of geometric relations among structurcs according to two dimensional strike ship. (A )
Coloumb - Anderson model of pure shear, (B) Riedel model of right simple shear. from Sylvester (1988).
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Figure 2. Orientation of folds and
faults in bulk right simple shear
{ from Sylvester 1988 ).

and parallel to the fault at basement level, but higher in the
averburden they flatten upward and twist away from the strike of
the fault and they plunge away from the PDZ (Fig. 3). The axial
surface of en echelon and R shears are helicoidal but for this
surface R shear stespens upward and for en echelon fold flattens
upward [Sylvester 1988).

The other main structure existing in cross- section is flower
gtruciune, Positive flower structure aceurs within wreneh zones in
which block moves parallel to each other, or move in the
component of convergent (Fig. 4). Megative flower structures ocour
where bloeke have moved obligue apart (divergent or
transtantional wrench fault) or paralle to each other (Fig. 5)
[Harding 1985).

As Harding (1985) shows in seismic profiles, a posiive
flower structure is defined as a linear antiform with upward and
putward diverging movernent of block in the strike- slip zone. The
antiform iz sub parallel to and thereby differs from the oblique
arientation of an echelon that ean form externally to the zone (Fig.
&)

Thesa initial antiforme in positive flower structures can be

potential for hydrocarbon traps, and they are not as attractive

hydrocarbon prospects as the less intensaly deformed en echalon
folds (Harding 1985),

The formation of flower structure is promoted by &
component of convergenca normal to the wrench fault, by
increased strike- slip displacement and by the presance of a thick
and ductile sedimentary section (Harding 1885). Harding (1885)
algs shows the divergent component of the shearing which
promoted a brittle fault in Andaman Sea (indcnesia) (Fig. 7). In
this example the draps flexures face each other across the fault
and they define a shallow synform *negative flower structure® thet
alzo strikes sub parallel to the zons. This feature is termed a
synform because it may ressmble a syncline enly in merpholegy.

The ditferentiation of negative and positive flower structure
should net be difficult because of the obvious differences and the
presence of shallow synforms or antiferms respectivaly.
Scaling: in order to apply model results to nature, modsl
should be scaled kinematically, geometrically and dynamically to
nature, The modsl described here is scaled kinematically to any
strike- slip fault in nature which has no sedimentation and eroslon
during or after deformation. Geometric scaling was achieved by
scaling vertical and horizontal distances in model and nature
giving the length ratio of 10 ™ it means that imm in the model
simulates 100m in nature. In erder to achieve dynamic slmilarity
the stress ratio acting on model and nature should be equal to
one.

Om=Pm.gm.im (1)

andTp=p.gp. Ip 2

respectively [Horsfield 1977) (where I:_]"rr|= stress In model, D_é-
stress in protatype, J°m= density of modslling material, [p=
density of prototype, gm = acceleration of gravity in medel, gp=
accsleration of gravity in prototype. The models were deformed at
1g, there are gm = ap).

Ten/Op =P my Pa Imiip 3)

For & model to simulate its natural prototype, & set of
dirmensianless ratios which relate the physical properties of modal
material and natural rocks should be similer (Kayi and Peterson
1993). Because deformation in the upper crust is controlled by the
shear strength of rocks (Koyi and Peterson 1993) We use from
coloumb's yield criterion (Vendeville and Cobbald 1988):
=Co+0n tanth

iwhere C= cohesive strangth.o"n = pormal stress andqhzangla of
in ternal friction T'= shear stress)

than we will have following ratios (Wijermars 1553}

c'-’meJp= Im/Ip. Pmifp = Cm/Cp (5)

ief1.4 g Cm3 and = 26 9 Cm3 m)/ p= 054 and Imfip=
10
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Figure 3. Helicoidal form of (a) Riedel shear and (B) en echelon fold .( from Syllvester 1988).
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Figure 4. Positive flower structure. (A) away from Figure 5. Negative flower structure (A) away from
viewer { T ) toward viewer. From Harding (1985}, viewer (T} toward viewer {from Harding 1985)
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Figure &, Interpreted seismic profile of & positive flower structure across convergenl wrench zone in
Andomor basin California (T} displacement toward viewer (A} away from viewer, from Harding (1985).
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Figurc 7. Interpretation seismic profile of a negative Mower structure from andaman sea (Indoncsia), (T)

displacement wwand viewer (A) away [ram vicwer. from Harding {19835)

if P {1 Cm model is equal to 1 km in nature) and Cp= &0 MP
then

Cm= 300 Pa

Where Cm iz cohesion inmeodel and Cp is cohesion in nature.

Range of eohesion in sandbox shows variation between O-
300 Pa, with further compaction increases although eohaesion in
dry sand is negligible (Weijermars 1993).

Friction coefficient is between 0.6 to 0.86 in natural rocks
shallower or deeper than 10 Km respectively and angle of internal
coetficient is 22 ° to 41 © (Weijermars 1993). Cosfficlent of internal
friction in the model and nature must be equal (Koyi and Peterson
1593),

Modelling

Apparatus: An old gear box was used to deform the modals
{Fig. 8). the box consisted of the following pans.
1- An electric moteor, 220 Valt, 1.4 HP, 1580 RpM.
2- An automobile gear box with five gears four to the front and the
fifth to the back,
3 zhear box with 20 Cm length, 17 Cm width and 7.5 Cm height,
Shear box composed two L shape on which the model were
placed [containers) and could move past each other. Different
containars with different sizes wera usad.

Modelling material: Dry sand with grain size {«<0.2 mm)

@

Figure 8. Perspective of a) apparatus , b) Sand pack
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and density (F) of 1.4 g Cm 3 \as used. For colour contrast
between layers blue and black sand were used,

Preparation of model: White layers with 5mm thickness
were placed in box and thin coloured layers were put between
them as strain markers.

Deformation procedure: Here layers of lose sand are
deformed in & box (Fig.1). The sand layers were placed on the
plates (which moved parallel to each other). The twa plates were
maved on cppesite direction parallsl to each other.

Experiments: Four experiments have been done and
reported here, movement was left handed, Table 1 shows
modeling and deformation parameters. Each white layer was
smm. and sedimentation was horizontal (except exp, na, 4), blue
and black zand used as intralayers.

T |
Number of exp. H-1 H-2 H-3 | H-4
h{cm) 6 6 4.5 [
; l{crn) 227 24l 193] 19.3
lfem) 1 14.9 14.7 15
T{mm) S 5 5 kel
t (s) 2140 1800] 1750] 1660

Table 1. Specification of the used sandbox to deformation the
medals, where h is thickness of sand pack, | Is length of shear
box, | i is length of shear box after deformation, T is thickness of
each layar and is time.

Model results
Experimant no. 1

8 layers of white sand of Smm thick were separated by a
thin layer {1mm) of blua sand put in the box (fig.8)
Fig. 10 shows a 3-D view of a deformed model, sand is
rixed with wet glue to have stability for cutting, in this casa angle
of internal friction i& high and cohesion iz not negligible,
Conjugate box folds produced near the compression plates also
direction of movement can be defined by inclined asymmetric
falds. Amount of shortening is about 24% for 36 minutes

Experiment ne.2

Thiz model contained dry sand with blue and black
intralayers. The model was defarmed in pure shear and shortened
by 29% for 30 min. which is faster than model ne.1. Figure 11
shows a section perpendicular to the direction of movement,
recumbent folds, sheath folds. Displacement of block between two
fault Is upward in contrast with down ward movemant which is

i
r |
EDZ
e I -
Sandpack
N 7
: /_/ .~
:, : ’gﬁ

Figure 9. Arrangement of sandbox in exp, no. 1 and 2 hald
arrows show movement of compression and small arrows show
free places Lo escaping conlaingrs.

Figure 10, Model in pure sheas, which one is direction of movement ?
effect of moving and cutting the sand pack.

Expariment no.3

Container filled with 8 horizontal white laysrs and blue
intralayers. Instead of having pure shear, plates move in this
modal past each other in simple shear. This strike- glip movemant
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Figure 11. Cross section from exp. 2 downward displacemeni
of 1he block is effect during culling

provides positive flower structures with upward and outward
movernant in a franspersion regime (Fig. 12). Fig. 13 shows crozs
gactions from begining to the end of sand pack.

-1 e
PDZ

- Figure 12, Plan view of sandbox, arrows show direction of
maovement and hatching are prepared space [or pure sirike

ship.

Experimant no, 4

Like exp. 3 apparatus installed (Fig.12) instead of having
horizantal layers, for clear observation of upward displacement
second and third layers were deposited with opposite slope. Fig.
14 shows four stage of shortening from top view, principal

-displacement zone with upward mowvement including synthetic
shears (A is visible. Fig. 15 showa thres saction of this modeal,

e HESE.
. A
i ki St

Figure 13, {a.) Antilorm shape of black layers are obvious,
rate of bending in the left fault in [lower struclure is more
than the right becaose the lelt part of model is commg foward
viewer, on the other hand direction of sliding can be find; {b).
cross section near {a) shows middle part of sand pack but
bending is no cloar as is scon in (a); (e) shows scetion from
inside of pack, bul opposite (o (a) bending is asymmetnic and
the parl which @5 going award vicwer s more banded, thicker
part in the upper black layer (which is deposited afier
deformation) shows PIY.
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lagure 14, (a) shows middle part of 132 and asymmetric bending in fault block, in the lel side kinking 15 near
vertical and in right is gentle, upper thick black Tayer which is post deformation shows surficial effeet of ghiding which
has come in fig. 15; (b) is from the middle part near the end, now bending i the right side is near vertical; (©) from
end of defromed sand pack, upward movemenl is not same as (a) because this section is near the end of POV
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Figure |5, Top view from beginning to end of exp. no, 4, note o the PDZ, asymmetric upward movement.
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Conclusion

Fure shear is the main mechanism of experiments 1 and 2. slip (experiments 3 and 4) were antiform and had upward
inclined and recumbent folds compensate component of movemnent. Asymmetric shape of thess beddad layers shows
shortening. Flower structures which have occurred in pure strike- direction of movement,
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