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ABSTRACT

The Orange Basinprovides exceptional -B structuresof folds and faults generated
during softsediment slumping and deformatiavhich is progressive in natur@-D
seismicandstructuralevaluation techniques have been used to understand the geometric
architectire of the gravity collapse structureghe location of the seismic surveyed area is
approximately 370 km northwest of the Port of Saldanha. The interpretation of
gravitational tectonics indicate significant amount of deformation that is not raeecbu

for in the imaged thrust belt structufithe Study areaovers 8200 square kilometre (Rm

of the total 130 000 kfrarea of theédrange Basimffshore South Aica. The south parts

of the Sudy areaare largely featureless towards the shelf area. Tnth has chaotic
seismic facies as the result of an increase in thrust faults in seismic faéips@lic
gravitational collapse system of th@range Basinmargin characterizes the late
Cretaceous postft evolution. This Sudy areashows that implicatins of stress field and

thrust faulting to the thickness change by gravity collapse systems are not only the result
of geological processes such as rapid sedimentation, margin uplift and subsidence, but
also could have occurred as the result of the plesgieteorite impact. These processes
caused gravitational potential energy contrast and created gravity collapse features that

are observed between 368800ms TWT intervals in the seismic data.

KEYWORDS:

Orange BasinTectonics,Gravity collapse syems, 3D seismic data, Detachment, Stress field,

Meteorite Impact
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CHAPTER 1

1. Introduction

The tectonically quiescent passive continental margins may experience a variety of stress
states and undergo significant vertical movement-pasakup (Salomomt al, 2014).

The development of major faultfuring oceanic lithospheric extensia more Ikely

caused by mantle plumastruding on the base of the lithosphedeiven by farfield
stresses which causeghermal weakening, regional uplift and the development of

deviatoric tensional stress@&egler and Cloetingh, 2004

The economic potentiahssociated with gravitgriven thrust systems has attracted
structural geologists and geophysicist for many decades (Tewahi2014). As a result,

a large amount of subsurface seismic data on the deformation patterns from gravity
induced thrustelated anticlines is available in the literature (Tavatial, 2014). A

study by Jaboyedof#t al, (2013) showed that structures and fabrics formerly interpreted
as purely otectonicorigin are instead the result of large slajgformation, prompting an
in-depth look into the mechanism responsible for the development of these structures.
This led to the discovery of many inaccurately interpreted tectonic histories of many
basins incluthg theOrange BasinDevelopment of slope failures is progressive through
time and space (Jaboyedddt al., 2013), and recognition of such structures using
techniques like palestress analysis and seismic evaluation (which have been applied in

this study) can minimise misinterpretations of structural geology of a particular area.

The paleestress analysis is applicable to the understanding of gravity collapse systems
because of the analogy between gravity faulting and regional tectonics (Basin

2013 Chigiraet al, 2013)The paleestress techniques require the use of azimuth in rose
diagrams andlip and azimutHor stereenets to locate the principal stress direction and
understand the stress evolution of the area. This in turn allows one to distinguish between
compressional and extensional massvenent stress phases.  Structuraismic
evaluation techniqueslew one to map horizons and faults. Mapped horizons are used to
create surfaces. We can use these surfaces to create thickness maps to analyse relative
change throughout the area of study. The faults are mapped for tectonic stress field
analysis, 2D recastruction, to identify zones of weakness and differentiate between
deformational domains such as extensional, transitional or contractional domains
(Salomoret al, 2014).



The Orange Basinprovides exceptional -B structuresof folds and faults generated
during softsedimentslumping (Butler and Paton, 2010The evolution of thelsmp
systems, which are gravitpduced, shows a progressive move from initiation,
translation, cessation, relaxation and finally the compactioaselresulting in the
formation of thrust packages typically seen as piggyback sequences and imbricate faults
(Kuhlmannet al, 201Q. This slumping and failure is categorized as either: coherent,
semicoherent, or incoherent domains. This classificatiofiects an increase in

deformation and displacement of sediment (Alsop and Marco, 2013).

Initial evaluation of the ® seismic datan this area of th®©range Basishows that there
is anincrease in the degree of deformatibfeaturegrom the south to rth.

1.2  Aims and Objective

This study will present results aimed at describing the degree of the change in
deformation across the basin related to gravity tectonics. In order to achieve this, the
interpretation will evaluate the-B seismic cube to determine thickness change and

number of thrust fault. This will then lead to an evaluation of the stress regime in the
Study area The stress field analysis will help better understand the tectonic scale

mechanisms driving the gravitydenics in theDrange Basin

1.3 Location of the Study area

The Study areas located in thé@range Basirmoffshore soutiwestern South Africa. The
Orange Basirtovers an area of approximately 130 00 landis located in shallow to
deep water with depths between 850 m (Séranne and Anka, 2005; Hirsthal,
2010; Patoret al, 2008) The Study areacovers 8200 square kilometre (Rmand is
located approximatg 370 km northwest of the Port of Saldanha (Fig. The furthest
point to the surveyed area is 370 km offshore (Kramer and Heck, 2013).
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Figure 1: A: Location of theOrange Basirfred box) along the west coast of South Africa and southern
offshore Namibia. B: Satellite imagery of theD3seismic survey in th®range Basirarea highlighted by

the green box (Kramer and Heck, 2013). VE=vertical exaggeration

14  Tectonic Setting of the Orange Basin

The Orange Basiris the youngest and largest of all the basins in the South African
offshore basins (Patoet al, 2008).During Gondwanabreakup and the opening of the
South Atlantic in the late Jurassic, 8 km thick synrift and drift sedimentary successions
were deposited in th@range BasiriGerrard and Smith, 1982; Patenal, 2008; de Vera

et al, 2010; Kuhlmanret al, 2010). The tectonic e@nents that were formed during
breakup includethe formation of the depecentre half-grabens and graviiynduced
growth faults (Granadet al, 2009).

The Orange Basirpassivemargin accommodation space shows that a single tectonic
event resulted in aignificant change to both the style and position of sediment
accumulation during its posift evolution (Patonet al, 200§. The evolution of the
Orange Basirpassive margin has two stages. The first stageposed ofggradational
shelf margin deposits with little or no deformation during the Cretaceous. The Late

Cretaceous deposition was punctuated by an episode of margin tilting that resulted in

3



significant erosion of the inner margin and alteration of the margihitacture. The
second stage is categorized by substantial margin instability and the development of a
coupled growth fault and tethrust system that occurréa the Cretaceouand Tertiary

shelf margin (Patoet al,, 2008).

15 Basin Fill and Evolution

The underlying synrift succession comprises generally isolated and truncated remnants of
half-grabens. The thick wedge of drift sediments underwent repeated deformation of the
palaeeshelf edges and palastopes due to sediment loading and slope instgbil

especially in the Upper Cretaceous (Kuhimahal, 2010).

oot e |355  SEQUENCE CHRONOSTRATIGRAPHIC FRAMEWORK MAIN EVENTS EVOLUTION STAGES
ratgraphy | Ma | wres | DISTAL PROXIMAL

= —— THIN DIAMOND-
353w BEARING VENEER
WHERE SAMPLED
PL EPISODIC UPLIFT E
- OF HINTERLAND
,UV DURING THE
or L TERTIARY

LATE CRETACEOUS /
EARLY TERTIARY
INTRUSIONS

END OF MAIN
FLUVIAL INPUT

GROWTH FAULTING
AND TOE-THRUSTING

¢ MAJOR UPLIFT OF
MARGIN AND
GRAVITY FAULTING

CANYONING AND
GRAVITY FAULTING
ALONG SHELF EDGE

ATLANTIC
[+ FULLY OPEN

UPPER CRETACEOUS
TAGES

THERMAL
SUBSIDENCE /
EUSTATIC EFFECTS

CEOUS

REGIONAL
[4—— DROWNING

FIRST
MARINE INCURSIONS
= REAK P
1 SAGANDORWTING | 59308 Rs =] uUNCONFORMITY
o b BELOW THE BASALTS
© ARE UNKNOWN e
- VA £ W

5 STRATIGRAPHY
BELOW THE
HAUTERIVIAN STAGE
IS SPECULATIVE A

.ﬂgl_s :

DATE OF ONSET
OF RIFTING IS

o T UNCERTAIN

PRE-JURASSIC l | MAY INCLUDE POSSIBLE

UPPER JURASSIC

vzso‘u% ,-u;‘t‘:c‘kwos
MAL YS
BASEMENT AND CRYSTALLINE ROCKS

Figure 2: Chronostratigraphy displaying the evodrti of theOrange Basir(after McMillan, 2003. The
tectonic evolution of th®©range Basitas in this study area been separated into 5 evolution stages namely
A to E. These evolution stages are based on the i mpoc

to the formation of gravity collapse systems.

Prior to the onset of full @t open oceanic conditions there was a deposition of early drift

successions which were the pratceanic successions consisting of restricted marine and
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red continental sediments which are intermittently interposed with basaltic lavas (Fig.2.
stageA). During this time mid to late Jurassic noertbrthwest trendindpalf-grabers and

rifting sequences were formed. These rifting sequences were overlain by-en2088

thick BarremiarAptian aged rifito-drift transitional sequence (Fig.&ageB) during the
drifting phase. The drift phase successions display progradational stacking patterns with
low tectonic and eustatic accommodat{dungslagerl999)

The opening othe Atlantic OceanFig2. stageC) resulted in canyoning and gravity
faulting along the lself edge between Turonian and Coniarcian ages (Muntingh, 1993;
Jungslager1999). TheOrange Basirpassive margin uplift (Fig2stageD) resulted in
mantle plume and massive denudation which was accompanied by growth faulting and
toethrusting. The lattemechanisms resulted from gravitational potential energy contrasts
and slope instability built up during the Campanian to Maastrichtian deposiépoeths
(Muntingh, 1993; Jungslager, 1999; McMillan, 2003).

The late Cretaceous Campanidaastrichtianprogradational sequences (Fig2ageD)

were deposited as the result of margin uplift, tilting and subsequent erosion of the inner
shelf which is clearly shown in the previously interpreted 2eismic data (Muntingh,
1993; McMillan, 2003; Patoet al, 2008). The poorly documented Tertiary to present
sediment successions have wddlveloped siliciclastic sedimentary wedges which
increases in thicknesses basinward and ranges between 200 tom&h@® thick
(Fig2.E). A major tectonic event between Testiand presentsi the Miocene episodic

uplift.

The phases for the evolution of tFange Basiraccording to Hirsclet.al, (2010) are

summarized below.

1 RIifting phase whiclcomposed oprerift successions (older than Late Jurassic,
>130 Ma) that is overlai by synrift deposits of Late Jurassic to Hauterivian age
(121-116.5 Ma) (Fig2.A)

1 Early drifting phase which stretches from late Hauterivian to the Barresaidy
Aptian depositonal epoch (Fig2.B)

1 Drifting phase which is occupied by sediments of Aptge (113108 Ma) to the
present day successions (FigZELThis phasecomposed ofthe Cenomanian
Turonian anoxic event and a thick sedimentary wedge with slump structures and

toe thrusts.



CHAPTER 2

2. Literature Review

Gravity collapse systems acharacterized by broad dovdip contraction tectonics and
up-dip extension tectonics that are linked by one or more weak detachment layers. These
systems of deformation typically comprise of basinward vergent thrust imbrication
associated with folds, whichsually does not occur until there is sufficient overburden
facilitated by high fluid pressureddVeraet al, 2010).The understanding of the impact

of gravitational tectonics is the key to evaluate lateral compaction irvidatep fold and

thrust bels because they indicate significant amount of deformation that is not accounted

for in the imaged thrust belt structure (Butler and Paton, 2010).

The Orange Basirhas gravity driven systenvith extension above the submarine slope
and contraction towardde toe of the slopgPatonet al, 2008) The gravity driven
system is responsible for the detachment and thrust faulting distribution which has altered
the thickness of sedimentary layers in @®nge Basirfde Veraet al, 2010;Butler and

Paton, 201)) The gravitational tectonics of ti@range Basimas been well documented;
however the large scale driving mechanismspmerly understood. Using the recently
acquired 3D seismic data of this area, this study will contribute to the understahding
largescale tectonic processes associated with gravity collapse systems of a passive

continental margin.
2.1  Previous Studies
2.11 Regional Seismic Stratigraphy of theDrange Basin

A more recent study on thel2regional seismic stratigraphic interpretatidritee Orange
Basinwas conducted bgie Veraet al. (2010) which is based on the work by Séraane
Anka (2005) and Patoet al. (2008). This2-D seismic interpretatiodivided the seismic
stratigraphy of theOrange Basinin two megasequences (Fiy.3(1) The Synrift

Megasequence and (Bhe Post rift Megasequence.
2111 Synrift Megasequence

Deposition ofthe Syn-Rift Megasequence is between late Juraasitlate Hauterivian
(160127 Ma) with low frequency continuous to discontinuous seiseflections with
fanning geometries and basiard dipping high amplitudeeflectors(Fig.3). During the
late to early stages of continental riftingolcanic wedges were deposited (Séranne and



Anka, 2005). These volcanic wedges are now reflected and rettedpas seaward
dipping reflectors.

2112 Post rift Megasequence

The PostRift Megasequence consists aflate Hauterivian to present day depositional
sequencéFig.3). A Late Hauterivian brealkip unconformity (ca. 127 Ma) separates Post
Rift Megasequence from the seaward dipping reflections of theRByiMegasequence.
deVeraet al. (2010) subdivided the PeRift Megasequence in five distinct depositbn

sequencereferred to as Posift sequeice HV.
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Figure 3: Chronostratigraphy of th@range Basirbased on the results of seismic interpretation.
Lithostratigraphy compiled bgle Veraet al. (2010) from Séranne and Anka (2005) &atonet
al. (2008)



Postrift seismic sequence | unconformabbyerlie the SynRift Megasequenceof
BarremianUpper to Aptian ag€Fig.3). Postrift Il is of Upper Aptian to Santonian age
and includes the gravigriven systems of th@range BasinPostrift seismic sequence Il
is overlain by post rift sequence Ill which is oaArBonianCampanian aganddeposited

on the outer continental shelf.

Postrift seismic sequence Il is unconformably overlain by RdstV which stretches
from late Campanian to Maastrichtiandis characterized bgnass transport complexes
(MTCs). Postrift seismic sequence V is characterized hybasinward shift of
siliciclastic platform sedimentation with wealeveloped prograding clinoforms. Pt
seismic sequence V was deposited betwherptesent day and the base of Tertiary (65
Ma).

Generation of hydrocarboruring theLate Cenomanian to Early Turonian source rocks
(Fig.3) reduced friction at the base of the slide and enhanced the efficiency of the shale
detachment fdting (Muntinghand Brown, 1993Séranne and Anka, 2006zekielet al,
2013;de Veraet al, 2010). The interpretation by Séranne and Anka (2005aera

et al, (2010)puts gravity slidingin Postrift 1l sequence betweetihe Turonian andthe
Coniarcianoccuring only during thesetwo periods. Thenterpretatios by Muntingh
(1993), Jungslager (1999) and McMilla2003 suggested that massive gravity faulting

the Orange Basinoccurred inthe TuronianConiarcian and also in the Campanian
Maastrichtiardepositional epoch

The opening of the Atlantic Ocean during Gondwana started from the north and
continued towards the sou(duhlmannet al, 2010Q. Late Cretaceous rifting resulted in

the separation of the South American and African plates and genaraisehmodation
space in the form of grabens amalf-grabers in theOrange BasinThis late Cretaceous
structural change resulted in highly aggradational deposition which resulted in the
development of a complex zone of slumps, rollover anticlines ardl tifult blocks
(Brownet al, 1995).

2.12 Gravity -driven Systems of theDrange Basin

The eisodic gravitational collapse system of theange Basirmargin characterizes the
mid and late Cretaceouseriod deformation de Vera et al. (2010 suggested that
structural evolution of th®range Basirgravity-driven system is shelived spanning
from the Coniacian (ca. 90 Ma) to the Santonian (ca. 83Bgarhs



Jungslagge1999) and Patomt al. (2008 reported that gravity sliding alsaccurred
during the late CretaceouPeriod Thar interpretation of thedrange Basirextends the
period forthe formation of theravity collapse systeno Cenomanian antMaastrichtian
Epochs. Many studies on thé@range Basinattribute thatgravity-failure in the late
Cretaceouderiodoccurred because diifferential sedimentary loading associated with
rapid delta progradation related to high sedimentation rates (Jungslagger, 199%tPaton
al., 2008. Butler and Paton (201®uggested that gravity failutan also occur as result

of the presence of an efficient, commonly epeessuredietachment layer.
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. - (Maastrichtian)
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Figure 4: Structural evolution of th®range Basimgravity-driven systemde Veraet al, 2010).

As stated abovehé gavitational collapse system of tl@@ange Basins estimated to
havedevelopedbetween the Cenomanian (ca. 100 Ma) and the Campanian (ca. 80 Ma)
and to a lesser degree during Maastrichtian (ca. 70 Ma) (FigR2Epoch Orange Basin
margin evolution staed with rifting during the late Jurassic which is represented by well
imaged wedges ofeswarddipping reflectors (FigA). The Postrift Megasequence was
deposited, starting with a deepenimgward succession of continental to deep marine

sediments durinthe Hauterivian (Fig.8).

The combined effect of pasift thermal subsidence and passive margin uplift 100 to 80

Ma ago initiated gravity failure resulting in stacked gravity slides with complegethr



dimensional geometries (Figc4. Gravitationabpreading and failure of the margin as the
result of high sedimentation rates and delta progradation decreased in Campanian times
but the margin uplift continued (FiglR)). Margin uplift is demonstrated by deposition of a
series ofprograding clastic wedgébig.4E). Sedimentationrmpgradation accompanied by
development of extensional faulting and shallow failures continued through Tertiary until

present (Fig.6F).
2.2.3 Comparison of theOrange Basinwith other gravity collapse systems

There are numerousayity collapse systems which could be compared to the ones in the
Orange Basirike those inthe Niger Delta and the Mississippi Deltéhe workon and
interpretation of gravity collapse structuiasthe MississippiDelta has been focused on

the loose sediments on the continental margin or deltaic setting (Hersthammer and
Fossen, 1999)hich is not within the scope of this projedtidging from the seismic data

for this Study areait is concluded thathe tectonichistory of the Niger delta is

comparable to the one in tFange Basin

Delta top extension Slope

translational zone Delta toe contraction
et e e e s etee—
Southern
lobe _ Segmented

/

Akata Fm. overpressured shales

Continental basement

=) Main spreading directions

Figure 5: Gravity collapse model for the Niger Delta. TRigure shows the structural evolution
of the deltato be similar to theOrange BasinThe Model is separated into three parts. A
represents the extensional phase, B is the tranal zone and C is the compressional zone where

overpressured shales detach@dter Khani,2013)

The Niger delta has contrasting structural styles as compare Orémge BasinThe

Niger delta shows structural styles related to low strength detachments whDeatige
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Basinindicates a comparatively strong frictional detachmé&utlér and Paton, @.0).

This comparability between th@range Basirand the Niger Delta is illustrated through

the recent work by Malonest al, (2012) and Khani (2013) using 3D seismic data. Work

by Maloneyet al. (2012) demonstrated t systemhasdne Ni g ¢

basinward dipping extensional system with one listrasterfault plane.

The extensional system creates detachment faulting that switches from a deeper
compressional system soshallower extensional domain similar to tBeange Basin3D

seismic reflection data was used in these collapse systems to investigate the architecture
of the Niger Delta. This study discovered that detachment faulting transfers hanging wall
rocks into the footwall, branching off pexisting detachment levelslong zones of
mechanical weakness, thus altering tiygparentthickness of sedimentary packages
(Khani, 2013) Differential sedimentary loading in the Niger Delta played a critical role in
causing gravity distribution along with the basin subsidencerbtiteéOrange Basirthe

deltaic progradatiostopped the gravity sliding.
2.2 Problem Statement

The interpretation of graty collapse structures of th®range Basirhave not given
satisfactory answers on the deformational structures observed irfDtlsei8mic dataA
well-established deformational model can improve structural integhitgh can be used

to explain howthe Study areahas been differentiatethto cunilinear listric faulting,
localized thrusting, lateral compaction and ductile deformafsanto betterunderstand

the origins of the deformational features in this Basin, this study aims to focus on the

following questions

1. What is thedevelopmenin deformation from the south to the north?
2. What arethe factors which influenceabservedapparenthickness variations?

3. How can a compressional regime coincide within an extensional environment?

11



CHAPTER 3

3 Methodology

3-D seismic reflection datafor this study covers 8200 square kilometre This
3-D seismicdata wasinterpretedin the Petrel° 2014 software andthe 2D MOVE™
software was also usdadr structural analysisThe seismic data has been provided by

Shell Exploration and Producti@@ompany to the biversity of the Western Cape.

Workflow

Pelre M

1) Seismic 4) Detachmen
Int(ezpretatiorr (2)Seismic i ()and thrust |
Horizon picking Surfaces faulting

(5) Rose (6) Steree
diagrams nets Plots

Figure 6: The steps used to interpret th®3eismic cube of th@range Basin

Interpretationof seismicdatawas as follows: (1) Usinthe imported seismic dafaur
seismic horizons were mapped usiizggD seeded and manual correctioimgerpretation.
The four interpeted seismic horizonsvere interpreted solely based gmominent
horizons affected byhrust faulting or gravity collapse structures. (2) Sigaaphic
surfaces were created from mapped horizons. BKhess mapg§isochron mapsyvere
then extracted from the seismic surface credtedrpretation of changes gepositional
activity, stratigraphic evoliion and structural growth history through time and spaeee

analysed usingsochron maps.

(4) Thrustfaultingin the Study areavas interpretedsing fault dip and dip azimutkault
dip and-azimuth were extracted from the seismic cube to anahysestfaulting and its

implication on the stress field distributiofio perform the interpretationf faults the

12



following steps were taken. (4.1) Using the realized seismic, @bamplitude map was
created. (4.2) threstructural smoothing of the seigncubewereapplied (4.3)avariance

or discontinuity cube was generated which (4.3) was then used to perfotracking.
Ant-tracking traces all the zones of weakness in the seismic data by searching for
discontinuities in the seismic data. (4.4)The automatic fault extrafetodity was used

to extract fault patchgsvhich are merely fault points with x, y and z coordinates)

Interpretation of the stss field distribution requirghe use of fault points from
interpreted major faultsto understandhte transition ofprincipal stess direction from

south tonorth of theStudy area

The fault points were extracted froRetrel® 2014in x, y and z coordinage These fault
points were extracted to estimate the dip and dip azimuth from them. The dip and dip
azimuth estimated were loaded to theMBve™ software to gebrientationof the faults.

To understand the structural regime of the atfeafault pointswhich hadbeen loaded in

the 2D Move™ software were plotted in rose diagrasrsd stereo net® estimate the

fault dip and dip direction This understanding can help predict the dominant
deformationalregimewhich is responsible for most ¢ifie observedstructural features

Full description for these diagrams dafound in the chapter 4 below

Fault interaction, as well as any sedimentary layering, does not represent the true stress
field because of the limitation of data, so the assumption or predictithe stress field

and deformational regime is likely to be an approximation only.
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CHAPTER 4

4 Results

This chapter describes the observed seismic patterns and structural features. The analysis
of the seismic data in this chapter preses¢seral approaches employed and the
outcomes achieved by interpreting th® 3eismic data. The interpretation for this study

was focused on the following topics:

4.1 Seismic Analysis
4.2 Thickness extraction
4.3 ThrustFaulting
4.4Rose diagrams

4.5 Stereenets
4.1  SeismicAnalysis
4.1.1 Introduction

The 3D seismic data that have been provitied to banterpreted without the assistance
of well data biostratigraphy datand logsas these were not provided by the company
concernedrestricing one from assigning the chrongigraphic age to the interpreted
horizons. Using th@014Petref software five horizons wergecognised These seismic
horizons aralefined as followsthe seafloor, top atone containingleformed sediments
(green line in Figy), marker bed defininghrusts analetachmentaults (narked in purple
line or squarespase of the zone containing the thrusts @eidichment faudt(marked in
white on Fig7) and bottomboundaryof zone containingleformed sedimentgmarked in
orange on figl). These intermted horizons (with the exception of the seaflowere
separatednto three seismic facieéseismic facies 1, 2 and dasedon the degree of

deformation seen

Seismicfaciesin turn were interpreted based on internal reflection geometry renatu
the bounding surfaceamplitude and continuityThe second horizon interpreted after the
sea floor was the pmainent horizon on top athrustfaulting. The three seismic facies
identified are shownin Figure 7. Seismic facies, coupled with the identification of key
horizons were $sed to separate th8tudy areainto three deformational domains
(extensional, trangbnal and compressional domainghich are discusseldter in this

chapter
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The seismic facies vith have been interpreted for t&¢udy areaare characterized by
subparallel reflections in the south and divergent reflections in the north. The reflections
correspond to the impedance contrast of geologintities The red reflectors are hard
events and the blue reflectors are soft events. The gravity deformation is constrained

betweerthe top (in green) and bottom (orange) interpreted hasif@n?).
4.2  Horizon Interpretation

The seismic facies in cross deat A-A dfig.7) are laterally continuous witlittle or no
deformation. Thehrustfaulting has not been observéd this cross section. Looking at

the top of deformation seismic surfao@p Eig.7), the south is relatively shallow and the
contours are flattened, no deformation is observed within the interpreted successions.
Seismic facies 1, 2 and 3 \Jea subparallelconfiguration with continuous seismic

reflection patternand high to medium amplite.

Crosssecton® 6 has many def or ma paredto arbss deti@aHtAur e s
A 6 shovestno deformation. Cross sectioB® was chosen because |
of deformation and showthat thrustfaulting progresses towards the north of 8tady

area Thrustfaulting creates discontinuous seismic reflection patterns. This discontinuous
pattern is formed by stacking of a single seismic intemrath formsas the result afhe

horses or thrust faits which are numbered as A, B, C, D, E an@Hrg 7b)

Horse A represents the first sign dhrust faulting that stacks on top dforse B.

Deformation intensifies towards the east of the cross section forming wedgel shape
geometries fohorseB to E. Thrustfaulting F is less tilted and is followed by a westward
decrease of deformational features. This crosssectidhd® has def or mati ot
which alter the thickness of the seismic facies. Seismic facies 1 shows a decrease in
thickness towards éhwest as théhrustfaulting intensifies in the same direction. Seismic

facies 2 has a landward (eastward) thickening sequence.
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Cross sections showing an increase in Deformation from South to Nc¢
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Figure 7: The thee cross sections illustrate iacrease in deformation from the south to the north

of the Study areaThe cross sections-A6 ,-B6B a-&€d

Cepresent

internal deformation and the rtbhern portion of th&tudy areaespectively.
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