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Salt Tectonics, Sedimeraiisd Prospectivity

2022 January 2010

PROGRAMME

Wednesday 20 January

Day One: Atlantic Margins

08:15| Registration & @ifee
08:45| Welcome and opening
Session Oné Chair: Stuart Archer
0900 Keynote: Webstéohriak
Salt: Geology and Tecwaof Selected Brazilian Basins
09:35| JeanPierre Brun,
The analysis of salt tectonics systems
10:00 John Waldron,
Evaporite tectonics, transpression and transtension in the development of the Matr
Atlantic Canada.
10:25| Coffee Break Roster Session One
Session Twé Chair: Adrian Hartley
11:00 | Keynote: Katherine Giles,
Halokinetic Sequence Stratigraphy
11.35| Jurgen Adam,
Basirscale salt tectonic processes and sediment progradation in the slope and dee
the Ndah-Central Scotian Margin
12.00 Marta Guerra,
Interplay of salt tectonics and sediments in the Santos Basin, offshore Brazil
12:25 Lunch & Poster Session One
Session Thre@Chair: lan Alsop
13.15 KeynoteMichael Hudec,
Influence of Deep LouanrctBneion Evolution of the Deepwater Gulf of Mexico
1350 Mark Tomasso,

Linking halokinetic structure to teegperitic structural regime, evaporite facies, and {
carbonate platform succession, Campos Basin, Brazil.
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14.15 Markus Albertz,
Strictural Styles Related to Salt Tectonics in the Scotian Basin, Eastern Canada
14.40 Dave Quirk,
Salt tectonics in Santos and Campos basins, Brazil
1505 Coffee Break & Poster Session One
Session Foud Chair: Neil Grant
15.40 Keynote: lan Davison,
Bradlian Salt Basin Development and Salt TectonicasagtRdyerse Time Migrated O
Imaging
1615 | Joseph Fiduk,
Deformation of Layered Evaporites within the Santos Basin, Brazil
16.40 | Tiago Alves,
Faulting of salithdrawal basins during ealdkinesis: An example of structural
controls on reservoir distribution and potential fluid migration
17.05| Keynote: Mike Bowman,
Gulf of Mexico Sub Salt Exploration, Appraisal and Field Dielzekgamsritearne
17.40| Closing Remarks
17.50 | Wine Reeption & Poster Session One
20.00| Day One Ends
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Thursday 21 January

Day Two: EuropeNorth America

08:30 | Registration &oster Session Two
Session Oné Chair: Richard Hodgkinson
09:00 KeynoteBrad Prather,
Sediment Partitioning acrossnieally Active Cenozoic Continental Slopes
09.35 Rachel Jamieson,
The role of buried-slgiten relief in controlling tertiary bathymetry, sediment dispersg
reservoir play fairways on the eastern flank of the Ce@&al North
10.00 XavielFot,
Knematics of salt flow in the Gulf of Mexico
10:25| Coffee & Poster Sessiowo
Session Twé Chair: Adrian Hartley
11:00 | KeynoteSimon Stewart,
Salt intrusions in the North Sea
11.35 Rachel Kieft,
Salt Influenced sedimentation within the MidslteHugas Formation, South Viking Gra
12.00 Anne Domzig,
3D modelling of sand deposition patterns on restofeakipalaenic surfaces: a case stu
from the South Viking Graben
12.25 Piotr Krzywiec,
Mesozoic and Cenozoic evolution of salestiitiim the Mealish Trough
12:50 | Lunch & Poster Sessidmo
Session ThredChair: lan Alsop
13.40 KeynoteRob Gawthorpe,
The response of slope channel complexe=atedlfolding and faulting
14.15| Oliver Duffy,
The influence of basenfi@nlt growth and linkage and cover salt units-tiftatepgoentre
development: The Ce8e# Fault Zone, Danish North Sea
14.40 Paul Wilson,
Tectoneatratigraphic evolution of an evagetdatshed normal fault system: the Bremste
systemeastern Halten Terrace, offshofddviichy
15.05| Emmanuelle Baudia,
Saltrelated prospectivity of the Norwegian Central Graben; an integrated study of {
15.30| Coffee & Poster Session Two
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Session Foud Chair: Neil Grant

16.05 KeynoteBruce Trudgill,
Evolution of Salt Structures in the Northern Paradox Basin: Controls on Evaporite
Wall Growth and Supadt Stratigraphic Architecture
16.40| Laura Evenstar,
Architecture distribution and controls on preservaticsystdtasgialithin active sa
regionsan example from the Triassic Chinle Formation Utah
17.05| Sanjeev Gupta,
Kinematics of extensional fault block rotation above an evolving salt substrg
profile analysis
17.30 | Rod Graham,
Allochthonouslsin the suBlpine fold and thrust belt of Haute Provence.
17.55| Closing Remarks
18.00 | Wine Reception & Poster Session Two
20.00 | Day Two Ends
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Friday 2danuary

DayThreeModelling, Australiand the Rest of the World

09.00 | Registration &oser Session Three
Session Oné Chair: Stuart Archer
09.35 Mike Mayall,
The response of turbidite slope channels to topography
10.00 Daniel Carruthers,
Using polygonal fault systems to reconstruct the state of stress of salt diapirs
10:25| Coffee & Psier Sessioifhree
Session Twé Chair: lan Alsop
11:00 KeynoteBruno Vendeville,
|l mplications of haliteds | ow strengt./
tectonics in nature and models
11.35| Peter Kukla,
An integrated, mattale approach to salt dynamics
12.00 | Janos Urai,
Internal Dynamics of Salt Structures
12.25| Joe Cartwright,
Role of multilayered salt in gdaiign collapse of thick salt sheets
12:50 | Lunch & Poster Sessidiree
Session ThredChair: Richartlodgkinson
13.40| KeynoteHemin Koyi,
The parameters which govern the rate of salt supply to a salt diapir
14.15 Jean Letouzey
Salt Diapirism and Halokinesis in the Eastern ZaghossE@dlt and Persian Gulf, Iran
14.40 lan Clark,
Fold growth fhe saltletached eastern Nile deepwater fold belt: influenddessipizst
sedimentation processes.
15.05 Mark Fischer,
Fractureontrolled paleohydrology of a secondary salt weld
15.30| Coffee & Poster Sessibhree
Session Foud Chair: Neil Gra
16.05 KeynoteMark Rowan,

Emplacement of allochthonous salt: a general model derived from field outcrops in
and seismic and well data from the northern Gulf of Mexico
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16.40 | Guillaume Backe,
Basemenhvolved deformation and geonistdt diapirs in the Flinders Ranges, South
Australia.
17.05| Mi r o Slowakiswicz,
Halokinesis of Zechstein Oldest Salt (Nal) rocks and its influence on development
traps in the Main Dolomite carbdraass studies from western pae 6bre&Sudetic
Monocline
17.30 Katrine Andresen,
Hydrocarbon plumbing system offshore Angola: salt tectonic controls on fluid flow
17.55| Closing Remarks
18.00 | Conference Ends
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Poster Session One

Atlantic Margins

Alves, T. M.
3D Volume BalarafeSubmarine Landslides on-&ighlPassive Margin:
Quantifying Seafloor Erosion an&&lse Structural Deformation in SE Brazil

Andresen, K.
Past and Present Fluid Flow From Reservoir to Surface Offshore Angola

Andrie, J. R
Halokinetic Sequesteatigraphy and Structural Geometry oftThe Eocene Fluvial Car
Formation Along the La Popa Salt Weld, La Popa Basin, Mexico

Dooley, T. P.
Roof Breakup and Extrusion of Shallow Salt Stocks During Lateral Shortening

Ferrer, O.

Kinematics of Inversait Tectonics Along the Newfouiidaydf Biscay
Pyrenean Rift System: Comparison Between the Preserved Rift Segments &
Inverted Ones

Kane, I. A.
Active Salt Controls on Submarine Channel Evolution and Implications for Facies A
Magnolia Field, Gulf of Mexico.

Mertineit, M.
Structures in an Anhydrite Layer Embedded in Halite Matrix: Results From Thermo
Experiments Under Bulk Plane Strain

Oluboyo, A. P.
SaltSediment Interaction and Tectonostratigraphic EvoliWestoAfitiean Margin:-Mini
Basin to Domain Scale Halokinetic Controls

Oswald, D. H.
Khuff Field, Surte Basin, LiBy&alt Induced Structure

Philippe, Y.
Structure and Kinematics of Allochthonous Salt Domains in the Deepwater Gulf of
of Mexico: Local to Regional Observations and Implications.

Platon, C. P.
Influence of La Popa Salt Wall on the Depositional Patterns and Strata Architecture
Marine Siliciclastic Deposits of The Viento Famrfatipa,Basin, Mexico

Seller, N.
Salt Tectonics in an Experimental Turbiditic Tank

Storetvedt, K. M.
Salt Basins and Hydrocarb&meducts of Planetary Degassing?
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PosterSession Two

Europe / North America

Alsop, |
INSARMapping and Modellinghdketive Iram&gSalt Extrusion

Brown J.
Wedgesand BuffersA New Structural Perspectieeddniepddonets Basin, Onshore Ukr

Burliga S.
Controlsn Hydrocarbon Distribution and Migraolklodawa Salt Structure (Central Po

ChemiaZz.
TheEffecbf the Salt Viscosity on the EvoluGamleben Salt Diapir, Germany

Evrard, E
Physical Modelling of -Bkimned, SdRelated Shallow Deformation in Response Basen|
Subsidence and Stdtip Movement: Example of The Rhodes Basin, Eastemeltediter

Gaullier, V.
Interaction Between Salt Tectonics ar8dageg Tectonics, Part |: Examples From the
Mediterranean

Kilhams, B.
Controls on Andrew/Mey Sandstone Member Deposition in the Central Nortlaigka: 1
PostDepositional RaleHalokinesis.

Loncke, L.
Interaction Between Fatttonicsral Deefseated Tectonics, Part 1l: Exaffjaegie Eastert
Mediterranean

Maystrenko, .Y
Roleof PermiaBalt intte Central European Basin Systeéhe DeformatidriMesozoio
CenozoiBtrata

Powers. D,
Synsedimentary Response of Upper Permian Rustler Formation to Early Deformati
Permian Evaporites in the Northern Delaware Basin, New Mexico (USA)

Quinta, A.
SynDiapir Fracture PatterhenRoza De La Sal Diapir (Westemdes, Spain)
Rubinat, M.

Squeezingnd Reactivation afall Salt Diapir Developed OWeredand Dipping Basemen
Fault: The Miocene Bi€aubsa Diapir (Eastern Prebetics, Spain)
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PosterSession Three

Modelling, Australia and the Rest of thddNVor

Alsop, I.
Sedimentalump Systems Adjacent to Sadt Detad Sea Basin

Becker, S.
Halite PluggingMajor Exploration Riskéra Stringeshe South Oman Salt Basin

Ben Slamgvl. M.
Peristalti8alt Movementshe fTunisian Salt ProginExampl&romhe Mesozoaf Northern
Tunisia: Jebel Ech Cheid

Engelhardt,-H
The Bromine Distribution in the Stal3furt Formation (Zechstein): Experiences

Salt Diapir Exploration.

Evenstar, L.
Compressional Deformation, Salt Tectdrisesianentation in a Continental Forearc Bas
Vilama Formation, Salar De Atacama, Chile
Graham, R.

SaltRelated Structures @ Bristol Channel Coast?

HardingR.
Multi Stage Evolution of Salt Diapirs in the Netherlands North Sea

Hearon, T. E.
Geologynd Tectonic$ Meoproteroz@alt Diapirs and Salt SheeteiBastern Willouran
Ranges, South Australia

KernenR.
Characteristics of a Tapered Composite Halokinetic Sequence Adjacent to the Ram
Salt Sheet, Central FlindersdRaguth Australia

Kumar, D.
Numerical Simulation and Experimental Investigation of Salt Diapirs

Reeh, G.
Salt Tectonics in the Sabaratah Basin West Offshore Libya

Reuning, L.
BuriaHistory and Diagene$iSarbonate Bed Encased Balt: ABxamg@ From the Surfac
Piecing Salt DomeshefGhaba Salt Basin (Oman)

ten Veend.
Thickvs. thirskinned salt tectorii@xamples from the Dutch North Sea

GSLSEPM Conferencesalt Tectonics, Sedimentation, and Prospectivity. Janua® 2R010.
Burlington House, London, UK



Oral Presentation
Abstracts

(In presentation order)

GSLSEPM Conferencesalt Tectonics, Sedimentation, and Prospectivity. Janua® 2R010.
Burlington House, London, UK
12



Wednesday 20anuary

Atlantic Margins
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SALT: GEOLOGY AND TEC TONICS OF
SELECTED BRAZILIAN B ASINS

Webster U. Mohriak, Peter SzatmétiSylvia Anjos
! E&P, Petrobras, Rio de Jarei, Rio de Janeiro, Brazil.
% Cenpes, Petrobras, Rio de Janeiro, Rio de Janeiro, Brazil
webmohr@petrobras.com.br

This work addresses the geological and geophysical interpretation of salt structures in
Brazilian sedimentary basins, from intracratonic Paleozoic evaporites in the Amazon and
Basin to diergent margin evaporiteasinsformed during thévlesozoicbreakup of Gondwand hert
is an intriguing correlation between evaporite basins and hydrocarbon accumuiatiatsthe
selected basins discussed

So far, the only intracratonic basim Brazil that is producing oil and gas is also the one witl
largest and thickest occurrence of sdlhe Solimdes and Amazonas basins developed ev:
depositing environments as the Devonian to Carboniferous sea was closing during
convergence phaseEvaporite deposition terminated with complete desiccation of the
Following a hiatusa major magmatic episodd the Triassic/Jurassic boundagsuled in massiv
intrusion of the evaporite layersy thick diabase sills. This magmatism influencedhothe mobilit
of the salt and the maturation of the source rocks.

The saltbasin along the Eastern Brazilian and Westafrican margins developed along

Mesozoicdivergentrifts of the South Atlantic. The salt layerrislated to an arid environmieformec
after the deposition afontinental, lacustrine to fluviagyn-rift sedimentghat graded ito transitione
siliciclastic to carbonate rocks deposited in sag basins. Regional seismic interpretation and
field (gravity and magnetic) datavex the Eastern Brazilian and West African margins suggest
thick autochthonous salt layer deposited over rifted continental crust and particularly above
sag basirsediments over thieyperextended crust that marks the transition from centa to ocean
crust. Salt tectonic domains vary from highly extensional on the platform to highly compres:
the crustal limit, where recumbent folds, thrust fautid allochthonous salt tongues are recogniz

Most of the hydrocarbon discoverigsthe EasterrBrazilian andWesternAfrican margin are relat
to postsalt turbiditeand carbonatereservoirs, but recent discoveries in the deeger salt basil
along the SoutheasterrBrazilian margin indicate that psalt plays will represent armportar
contribution to hydrocarbon production in the nearby future.
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THE ANALYSIS OF SALT TECTONIC SYSTEMS

JeanPierre Brun® and Xavier Foft

! Géosciences Rennes, France;
2G.0. Logical Consulting, Rennes, France.
JeanPierre.Brun@unirrennesl.fr

Salt tectonics is characterized by two types of mechaimtadactions, between brittle and duc
deformation and between deformation and sedimentation, respectively. Consequently,
spectrum of structures and, rather frequently, significant 3D complexities can result. In such
interpretations m#e from too local observations can easily be misleading. Our purpose
mechanical understanding of salt tectonics processes atdwastnas a tool to provide relie
interpretations of structure development, even at local scales.

In salt basinsgeformation and structures directly depend on the initial and boundary condition
system. Initial conditions are mainly the basin geometry and thicknesses-oesaltaporitesand o
early sediments deposited on top of salt. In gravity drivénteetonics, two enanember types

boundary conditions are generally considered. The driving force is either sedimentary loadi
alone or sedimentary loading combined with gliding above a basal slope. We use simple n
and laboratory experients to compare the two types of processes, to identify their res
diagnostic features and to describe their organisation int@y®ibms in time and space, inclut
interactions between deformation and sedimentation. Salt tectonics powerednbgnsay loadin
alone gives a frontward migration of compression and extensional inversion of earlier cont
structures. Conversely, salt tectonics powered by gligliiiing above a basal slope gives a back
migration of compression and comsimal inversion of earlier extensional structures. The s
case is by far the most commonly observed in passive margins, if not the only one. In additio
theoretical point of view, we show that any basal slope, even very small, is far moeneffian ar
sedimentary loading, in terms of driving force.

For the Angolan margin, a 2D basinale flow model can be defined by the conditions impos
the upslope and downslopasin boundaries. This salt tectonics system is divided in tweysibm:
extensional upslope and contractional downslope, respectively. However, the exist
contractional structures in the upslope domain is an obvious departure from the 2Bchlesfiov
model that develop in 3D along lateral boundaries. Boundary parallel-slipkehear is responsil
for large block rotations around a vertical axis and associated contractional structures. In the
margin, these 3D structural complexititkely result from a rejuvenation of the basal slope al
part of the margin. This example illustrates that a robust {sasile salt flow model, with we
defined initial and boundary conditions, facilitates the identification and the mec
unde st andi ng of -gystdinaThie prevénts that wnsugabld conclusions, for exan
terms of local phases of deformation or sedimentation, could be proposed on the basis of
observations.
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EVAPORITE TECTONICS, TRANSPRESSION AND TRANSTENSION
IN THE DEVELOPMENT O F THE MARITIMES BASIN, ATL ANTIC
CANADA

John W.F. Waldron* andMichael C. Rygél

Department of Earth and Atmospheric Sciences, University of Alberta, Edmonton, Alberta,
“Stak University of New York, College at Potsdam, U.S.A.
john.waldron@ualberta.ca

The Late Paleozoic Maritimes Basin of Atlantic Canada underlies much of the Gulf of St. La
reaching a thickness of at least 12 km in the area of the Magdalen Islandsgl. dfritae Maritime:
Basin is dominated by nemarine clastic rocks, but a Visean marine incursion depositec
evaporites (Windsor Group) in many parts of the basin. Mapped faults variously bound an
basin fill, and were active at differetitnes during basin development. The most prominer
strike-slip faults, mainly dextral, that strike NEW and EW. However,the basin has be
interpreted variously as a rift, a palpart related to strikslip faulting, or as a product of terr:
convergence.

Onland exposures of the basin fill near the basin margins are thinner, but still substantial. #
example is the 5 km Joggins coastal section, recently selected as a UNESCO World Herita
Nova Scotia, located in the Cumberlasubbasin. In addition to unique exposures, the Cumbe
subbasin contains a substantial da&t of 2D seismic data, tied to the excellent coastal sectic
to limited well data; these indicate that evaporite movement varied in timing betweeandiffart
of the sukbasin. In the western Cumberland basin, for example, Windsor evaporites were
static until Westphalian time, when rapid minibasin subsidence, averaging 1 mm/year, cc
with rapid fluvial sedimentation, led to the presdion of upright fossil trees seen in the Joc
section. Farther east, evaporite withdrawal probably started earlier, and minibasins wgtiatbe
geometry are filled by later Visean to Namurian clastic sediments of the Mabou Group; We
subsdence rates were much slower in this region. Variations in the timing and style of e
movement were probably the result of interaction between a varying regional tectonic reg
basinbounding faults. During intervals of regional M&V strikeslip motion, EW faults wer
activated in extension, and evaporite withdrawal took place in extensional minibasins locat
these faults. During #V dextral strikeslip, the NESW faults were reactivated in transpres:
resulting in the expulsionfcevaporites into the cores of adjacent anticlines. Inferences frc
Cumberland suibbasin may be applicable to the Maritimes Basin as a whole. A recognitior
role of salt withdrawal is essential in interpreting subsidence histories, becausenackiion spa
that was filled by evaporites early in basin development was cleafilfete by clastic sedime
during evaporite withdrawal.
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HALOKINETIC SEQUENCE S TRATIGRAPHY

K.A.Giles!, M.G. Rowan?andT.F. Lawton®

'New Mexico State Univergit
’Rowan Consultingnc.
kgiles@nmsu.edu

Neardiapir strata ard¢ypically organized into halokinetic sequences, which are successions of
folded strata bounded by angular unconfities adjacent to diapirs arate genetically related
passive diapirism. We interpret halokinetic sequences as forming in response tonsitathe ra
of net diapiric rise relative to net sedimercamulation. We recognizevo endmember types

sequences (Hook and affge) that vary indepositional facies progression, relatigedimery
accumulation rates, stratal geometry and width & #one of halokinetic deformation. Hu
halokinetic sequencese typically composed af basal debrite lithofacies of matetiatally derivet
from the diapir roof othediapir itself. The debriteare of local extent and are interbeddéith anc
overlan byshalepronelithofaciesrepresentingery slowsedimentaccumulation rates relative tise
rates of the diapirTight drapefolding close to the diapimiaximum 200 m) results innear verica
bedding dips and S@ngular unconformitiedn contrastwedge halokinetic sequences typically

mass wasting deposits and diagerived detritus. They contain more sgndne lithofacie
representing higher sedimesxtcumulation ratesbroad zone of drape folding extendimg to 800r
from the diapirand angular unconformities of less thafl. 15

Halokinetic sequences stack infb types ofcomposite sequencegdabular andTaperedl with
distinctive stratal geometriesthat areincreasinglyrecognizable ormodernseismic dataTabula
composite halkinetic sequences @bularCHS) formby stackinghook sequencesvhich creates
largescale packageith a tabular forn{top and bottom boundaries are roughly paralléigre all th
thinning and upturrof individual sequences within less tharn200 m of the dapir. TabularCHS
form during periods of overall slow sedimedcumulation rates relative to diapise ratesTapere
composite halokinetic sequengd@peredCHS) form by stacking wedge sequences, which crei
large-scalepackage with a foldethperedorm (top and bottom boundaries are eergenttoward th
diapir). The ttom boundary is folded overdistance of 50800m from the diapirTaperedCHS
form during periods of overall higBedimentaccumulation rates relative to diapise rates.A
TaperedCHS overlying anotheilaperedCHS creates aalt cusp at the edge of the diapuhereas
TabularCHS overlying al'aperedCHSdoes not creata cusp.

Thick TaperedCHS are ubiquitous during earlyiapiric rise We suggest that this resultsrfrigher:
being minimaldifferential sediment load driving salt flow from the autochthonous level soetiea
thoughsaltrise rateis slow, relatively low sediment supply still outpasealiapiric rise.Patterns .
higher levels on diapirs are more compléx.shelf settings;TabularCHS commonlyform during
periods of low sediment flyxwhich is typical of3“-order transgressive systems tracidherec
TaperedCHS typically form duringperiods of higher sediment influx suchtas highstandsystem
tract. h deepwater settings, where the bulk of deposition occurs during the lowstand syste
deeperTaperedCHS tend to transition upward to Tabul@HS because the increasing differe
sediment load drives more rapid salt risdthough significant '3order variations in sedime
accumulation rate may alter this patterdm both settings, shortening of diapirs at any time incr
saltrise rates so that Tabu@HS are dominant
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BRYANT CANYON/FAN AN D RIO GRANDE FAN TURBIDITE
SYSTEMS PROVIDE MODERN SHELF-TO-BASIN ANALOGUES FOR
TERTIARY SALT -CONTROLLED MINI -BASIN SYSTEMS IN THE
NORTHERN GULF OF MEX ICO INTRASLOPE BASIN PROVINCE

C. Hans NelsonJohn E. Damuttf, and Hilary Clement Gbr?

!Instituto Andaluz de Ciencias de la Tierra CSljversity of Granada, Granada, Spain
’Department of Earth and Environmental Sciences, University of Texatirajton, Arlington, TX
3 Institute for Geophysics, Jackson School of Geosciencegeltdity of €xas at Austin, Austin, T.

Damuth@uta.edu

The Western Ancestral Mississippi shatargin delta fed the Bryant Canyon/Fan Turbidite Sy
primarily during the MIS 6 glacial cycle. Multiple slope channels fed a chain of 15 filland spH
basins connected by canyons, and ultimately built the Bryant Submarine Fan seaward
Sigsbee Escarpment. The miasins are elongate and follow salt ridges. The -basin seism
facies are interpreted as ponded, incised and perched turbiditeitslapteybedded with mas
transport deposits. These deposits are overlain by bypass channelized turbidites and thick"
masstransport deposits, which resulted from pdspositional salt withdrawal tectonics
associated sediment failure. Bryatismic facies are similar to seismic facies of buried Mioce
Pleistocene midbasins. The Bryant mirfbasins are characterized by salt syntectonic activity, \
typically begins midway through basin filling. The mbasins are preferentially ufséid on th
northern sides, which results in erosional cutouts and onlap of some of the younger uni
northern margins of basins. The 406 wide Bryant Submarine Fan consists of four channe
growth-stage units deposited in compensation cyctaess the abyssal plain. Aggradational, ler
fan channels stack in the middle of each unit and end in separate distal lobes on the order o
length. Because scale, seismic facies and depositional style of the Bryant Canyon/Fan Systt
sane as those of productive Miocene canyon and fan systems in the Mississippi Canyon i
system serves as an excellent analogue for these productive systems. In contrast to the Brye
the smaller Rio Grande Fan Turbidite System (100 km diainetes deposited on a contine rsddpe
plateau in the western GOM. The Rio Grande Fan was fed by a few slope canyons. 1
numerous small, unleveed distributary channels, whose pathways were commonly cont
surface and subsurface salt diapirEhese channels incise into the fan, which returns a prol
seismic facies typical of a sandy environment. Piston cores also indicate a sandy environme
observations, plus the inferred channel pattern and the relatively steep fan gradiijt gagge:
that the Rio Grande Fan is a saiuh braided channel system. This fan appears to be an e»
modern analogue for plays such as the Wilcox and Frio in the western Gulf of Mexico.
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BASIN-SCALE SALT TECTONIC PROCESSESAND SEDIMENT
PROGRADATION IN THE SLOPE AND DEEPWATER BASIN OF THE
NORTH-CENTRAL SCOTIAN MARG IN

Jurgen Adam® 2, Cody MacDonalY Clarke Campbél] Jonathan Cribh Mladen Nedimovit?,
Csaba Kreszél& Djordje Grujic*

!salt Dynamics Group, Department of Earth Sciences, Dalhousie University, Halifax, Nova Sabt
“Department of Geology, Royal Holloway University of London, Egham, Surrey, UK
3LamontDoherty Earth Observatory of Columbia University, Palisades, New, US
j.adam@es.rhul.ac.uk

The complexsaltdeformation styles characterizing ttliwerseScotian Basin saftrovincesaretheresul
of complexbasement topography the narrow linked rift basingariablesalt thickness, anldigh clasti
sedimentnput during the Jurassic and CretacedRscent tsappointing exploratiomesultshave show
that @lt tectonicsconcepts developed in salt basins around the Atlantic margins cannot be
reliably to the Scotian MarginConsequentlythe next generationfdasin modelsnustinvestigate tr
role of the unique basin characteristics includy palaeogeography, sedimenugpply, and rift bas
geometry.

Basinscaleseismic sections of the GXT NovaSpan daftaegional transects of the Laurentian, Abel
and Sale subbasins extending from the shelf to the deepwater bBsm structuralmodelling anc
provide the parameter fdrasinscalephysical experimentsThe Salt Dynamics Group utilizes phys
experiments to analyze salt tectonic processes theirdynamic interactionwith depositional systen
4D strain data and experiment sections enable mechanical modelling of salt tectonic pfanassad
postrift salt mobilizationto late postift allochthonous salt complexeSalt tectonic conceptderiver
from our experimentselate characteristic salt structures to the patbgmsitional environment &
kinematic stages of the basin evolution.

Our studydemonstratethat the Scotian salt provinces differ strongly from the salt basins of the ¢
Mexico and the younger Southtlantic salt basins. Low mechanical coupling of the sediment overt
due to thick original salt in narrow linked rift basins has favored rapid dmilding and sedime
aggradation rather than progradation in the early-pibsstage.Salt mobilizationand very effivien
basinward salt inflatiostarted in the Laurentian Basin and propagated in southward direction al
margin due to shelfparallel sediment transport sourced by the Laurentian Fan from the NI
depositionapattern has led to diachronous salt extrusion shown by southward younging of alloct
saltcomplexesn the NorthCentral Scotian Basin.
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INTERPLAY OF SALT TE CTONICS AND SEDIMENT S IN THE
SANTOS BASIN, OFFSHORE BRAZIL

Marta C. M. Guerra® & John R. Underhill

'PETROBRAS
“University of Edinburgh
Marta.Guerra@petrobras.com.br

Integration & well-calibrated seismicinterpretation with sequential restoration and analo
modeling hasprovideda new,holistic understandingf the controls on andnterplay between se
tectonicsand deposition in the Santos Basffshore Brazil The resultshighlight the importantrole
that salt tectonicdhad in controllingthe development and evolution stiructural styles, bathymg
and sediment disperstidroughoutthe basid s  h.iSsvénaegipnal crossectionsrestoredo the
Albian, Turonian, Santoan, Campanian, Maastrichtian, Middle Eocene and Mioberezonsallow
the active structuresontrolling depocentreso be determinedt eaclkey stageandrevealthe timing
of salt weldng. It is apparent thaPostAptian deformatiorresults from thirskinned gravitationi
gliding and spreading, controlleldy salt tectonicsand driven mainly by dfferential loading Late
Cretaceous to early Cenozoic sediment supply from the 8\ ,toonshore uplift, formed a thi
prograding wedgéada significant rolein affecing salt movementThe escape of salt towards k
loaded regionspromoted theformation of up-dip extensioal normal faults and dowrdip
contractiol folds that decolle on the salhdfocusedsedimentairways controlledby the resultar
saltinduced bathymetry The spectacularCabo Frio Fault (CFF)is a large landwardlipping
(antithetic)listric normal growth faulthathas a length o185kmand aheavethat reacles 60km at
Albian level It nucleated uglip andcontroled the major depocentrm the study areagspecialk
from Santonian to Middle Eocené&ediments captured in its hangingwall add to the load
maintairs fault activity, with large displacements that increase with detbtbs formingsalt weld:
that directly connect preand po$salt sequencesSaltcoredfolds andmini-basirs accommodat
downdip shortening A shift in sediment supply to NNHEuring the Cenozoiccreatd a nev
prograding wedgever an already thinned salt laydhe onfluent directions of sediment sup
causedconvergent salt flowmesuling in a complexinterferencepattern of superposefblds with
intervening polygonal mirnbasinssimilar to those seen ianalogue modsl The NW-SE linked
system of ugdip extension and dowtip contractionappears to constitute gravitational cellthe
filha Grande Gravitational CéJlthat moves to the S&nd whosébordersrepresentateral gradien
of slippage.The gravity-driven basinward migratiorof the brittle sequenceover mobile salt ha
created faults, salt welds, sttural traps and depocentres tbhangd ther positions in relatiorio
pre-salt structuresApplication of estoration techniqueallows the true position and geometry tbie
key structuresat eah stageimproving petroleum systems assessniarime and spacePostAptiar
sdt flow has imposdstresses in the ovaurden forming transient structural geometries amdating
space for sandch sediment deposition, which in turn has enhanced salt movement and n
flow patternsthrough structurafeedback.Although dramatically reducedlfter the Middle Eoceng
the CFF and minbasinsevidently still exert a contrabn youngerdepocentrs thus attesing to a
longlived salt tectonic activity.
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INFLUENCE OF DEEP LO UANN STRUCTURE
ON EVOLUTION OF THE DEEPWATER GULF OF ME XICO

Michael R. Huded, Frank J. Peél
'Bureau of Economic Geology, The University of Texas at Adsistin, TX

’BHP Billiton Petroleum (Americas) IndHouston, TX
michael.hudec@beg.utexas.edu

Deep structure at the seaward end of the Louann salt basin is divisible into four provinc
seaward to landward): Abyssal Plain, Allochthonous Ramp, Outer Plateau, and De®p Tt
Abyssal Plain is composed of flging sediments outboard of deep salt. The Allochthonous
comprises deep salt lying on a surface that cuts upsection from a Lagedrsource layer. It
interpreted as an allochthonous fringe at the seawatdethe Louann salt basin. The Outer Ple
is composed salt structures resting on acoustic basement. Scale of salt structures and
basins suggest that salt was originally thinner here than in the adjacent Deep Basin. The D
lies landward and on the downthrown side of @ km high step in acoustic basement. It con
large diapirs and withdrawal structures indicating very thick original salt.

Most published restorations place the edge of the Louann salt basin at the downdiphen@®wt
Plateau. However, we suggest that plate restorations, crustal signature, and geometry of
Plateau suggest that the edge of the Louann Basin was further updip, and the downdip end c
Basin Province.

A map of deegsalt provincesn the deepwater Gulf of Mexico suggests that the Louann salt b
divisible into two parts, separated by a major reentrant. In the eastern (Louisiana) subbasin,
Plateau and Allochthonous Ramp form concentric bands around the edge of th8d3e&e Th
western (Texas) subbasin has no Allochthonous Ramp. This structure is consistent w
restorations, but is less clearly supported by potential fields data.

The structure of the deep salt has had a major influence on the subsequeitreabthe deepwal
Gulf of Mexico. A model in which a thisalt fringe lay outboard of a thickealt Deep Basin ¢
explain observed patterns in structural style, seismic data quality, diapir location and ori
overridden diapirs, rafted minibens, and imbricated sutures. It may also provide suggests for ¢
future subcanopy hydrocarbon prospectivity.
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LINKING HALOKINETIC STRUCTURE TO THE PRE-EVAPORITIC
STRUCTURAL REGIME, E VAPORITE FACIES, AND THE ALBIAN
CARBONATE PLATFORM S UCCESSION, CAMPOS BASIN, BRAZIL.

M. Tomasso®* W. R.Wright!, F. O.Costa? A. D. Arajo,2 M.V.Sant 6°Ann a
E. C. V.Machado?, M. R. Hudec,}, M. P. A.Jackson?, andC. Kerand

! Bureau of Economic Geology, University of Texas at Austin, Austin, Texas.
2 Petréleo Brasileiro S. A. E&EXP, CEP 20 03P12 Rio de Janeiro, Brazil.
® Department of Geological Sciences, Umsity of Texas at AustinAustin, Texas.
* Present Address: Enhanced Oil Recovery Institute, University of Wyoming, Laramie, Wy
mtomasso@uwyo.edu

In a 10000 + krharea of the Campos Basin, evaporitated structures were analyzed usil
databaseof 3D seismic, well logs, cuttings, and core, and integrated into a new geologic
developed for the overlying Albian carbonate succession. The Upper Aptian evaporites ¢
variety of structural dimensions and geometries, with distinct geogragipiaration from upto
downdi p. Analyses of this fAsalto succes shagn
formed in response to the depositional geometry of the underlyirglsagd rift basins. Waveleng
and amplitude characteeftects differing amounts of deformation relative to paleotopograph
evaporite facies present. Areas dominated by thin laminated anhydrite have little deformatior
to areas dominated by thick halite. Rifje basement horsts provide a buttressiffect during se
movement, resulting in separation of areas having negligible salt movement from those wi
scale translation. The variety of salt structures, facies and their associated styles of deforrr
relative timing were all critial in defining the evolution of the overlying Albian carbonate succe:

Three carbonate platform margins locally developed during the Lower to Middle Albian. The
rimmedplatform margin sited at the structurally controlled padbelf edge of theinderlying pre
evaporite saghase. During transgression, th& riargin backstepped and th& platform margil
sited on a more proximal high ~15 km landward, while thenargin aggraded. Further transgres
produced uglip progradational infill oftte underfilled intraplatform area. Platform successions
2 tie minimally to the youngest (3) and thickestdip platform, an additional ~25 km furtl
landward. All three platforms were affected by varying degrees of halokinesis. This multistaay
platform model is distinctly more complex than previous models that imply a continuou
segmented and translated pdspositionally by halokinesis. Evaporite deposition, subse
movement and timing related to Albian carbonate deposition arentaihsically linked an
furthermore often related to the pgelt basin morphology.
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STRUCTURAL STYLES RELATED TO SALT TECTON ICS IN THE
SCOTIAN BASIN, EASTERN CANADA

Markus Albertz *, Christopher Beaumohtlohn W. Shimel§j Seven J. Ings andSofie Gradmanth

'ExxonMobil Upstream Research Company, Houston, Texas,,USA,
*Department of QeanographyPalhousie University, HalifaxCanada
Geological Survey of Canada (Atlantic), Dartmouth, Canada,
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markus.albertz@exxormbil.com

Mobilization of salt has influenced the structural and stratigraphic evolutipassivemargin basir
worldwide. Suchbasins contain complex sa#lated structurethatare attractive exploration targ
andcan be used to enhance our basiderstanding ahe mechanics of salt tectonic systems

The Scotian Basin contains multiple sadtated structures that can be classified by three pril
structural styles: (Aan operended roho system with a skinematic sediment wedgéB) a linkec
salt tectonic system with listric normal faults, allochthonous canopies and roho syetent{€)salt
diapirs and intervening minibasing heinitial configuration of the ScotiaBasin salt basins and t
reasons for the development of such contrgsttructural stylearepoorly understood

We employ twedimensional plane strain finite element models to explore how the initial ge:
and variations in the sedimentation regime affect the structural evolution of idealized salt
considered regsentative of the Scotian Basin.

The results suggest that the nature and timing of sediment aggradation versus progradatis
primary control on the structural style a particular salt basin settingStructural style Acan b
explained bysynrift tilting and seawardlow of the primary salt during early deltaic progradal
Structural style B is consistent with minimal syft tilting, early aggradation and progradation in
later evolution. 8uctural styleC results if syrrift tilting is minimal and sedimentation primai
aggradational We demonstraté¢he origin of the three structural styles using model animations.
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SALT TECTONICS IN SANTOS AND CAMPOS BASINS, BRAZIL

Dave Quirk®, Dan HsuMona BissadaDorte Ambirk, Emily Fergusori[rey Kendrick,
Chigozie NwokeafqrLars Seidleand Malene Nielsen

Maersk Oi|] Copenhagen, Denmark
dave.quirk@maerskoil.com

The petroleunpotential of the highly prolific Campos and Santos basins in SE Brazil is s
influenced byhalokinesis. Thaaltwas depositeduringthe Aptian as th&outh Atlanticstarted t
open andalt movement begaoon after thathe reasons for and ets of which will be presentec

In sedimentary basinsheforcesdriving salt tectonicsire related téhree main processectonisn
tilting due to thermal subsidenemd overburderthickeningrelatedto build up of the shelf Alonc
continentaimargns, including SE Braziltheir effectscan be seen ifour models

1. seaward expulsion of salt due to loading by shelf sedimémterburden thickening)

2. downdip sliding of overburdewith detachmenor drag athe top of salftilting and/or
overburden titkening)

3. downdip flow or drainage of saltilting);
4. flow of saltrelated tadbasementaulting causedfor examplepy extension(tectonism)

Models 1 and 2 are well publicized but models 3 and 4 renasved little attentigneven though thi
have re¢vance to salprone marginsuch as the South Atlantid he distinctiors between the mod
may at first seem subtle bihey account for some fundamentdifferencesin structural ar
stratigraphic reconstructiorend, ultimately, in prediction of hydctarbon charge, reservoirs, s
and traps

Along the continental margin of SE Brazil, Model 2 can be applied toCdmmposBasin whert
overburdenslid seawardsluring the late Cretaceoysoducingextensional minibasing the inne
part of the deep watendcontractional minibasins ithe outer part of the deep watdn contrastri
Santoswhere the margin is much widevlodel 3is more appropriate with salt havidgained dow
dip to leavebehindbelts of salt rollers, fliglop salt diapirs, rohos ahcounter regional fault syste
in the shallowwater i ncl udi ng t h e, ahdabroadzene df fénthei centractiGn
the deep water Thepresence of huge fault terraces below the saltboard of the Albian Gapa:
recently received widgsead publicitypecause of thdiscovery of oiland gasn pre-saltstrata. 1 is
postulated that thestructureshave played a significant role in accommodating salt movement
late Cretaceouyspossibly related tamantle hotspot activity meaning lhat Model 4 may also
important
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BRAZILIAN SALT BASIN DEVELOPMENT AN D SALT TECTONICS:
A STUDY USING REVERSE TIME M IGRATED DEPTH IMAGIN G

lan Davison', Lee Andersof) andPeter Nutaft

'Earthmoves Ltd.,
’GEO International Ltd.
jION/GXT

The Southern Brazilian Salt Basin developed between 117 and 112 Magksdltmay have bet
deposited in less than 1 million yeasmilar to the other welllated salt basgelsewhere. Balanc
cross sections indicate the original salt thickness eghap to 4.5 km ithe deegesthalf graben. Tt
rapid depositioal rate of the salt is much greater than thearic subsidence rat&-15 times. Rapit
subsidence is also indicatéy lack of interbedded clastic rocks throughtlue evaporite interve
Hence, weinterpret alarge basin topography to have already been present when the ¢
deposited. Seismic data of the @t section in the Tupi Field support this hypothesis as tr
strong thinning and an erosional unconforndéyveloped at bassalt m the footwall of the Tupfault
Many of the smaller rifted hatjraben were filled before salt was depositedd only 6 majo
normal fault scarps were exposedthe basin The basin dried up almost completely many tim
there are KMg, ard Ca salts (tachydritesylvite and carnallite) interbedded throughout the exitg
interval, which are the & salsto form when seawater is evaporated.

Balanced section reconstructions tate that salt was removed asithgged down into the basin
rafting (Coutte flow) for distances up to 100 km. The upper slope rafts are rather smalichatial
early stage before any appreciable thickness of Albian carbonate had begun to accumulate
diapirs also began to form at a very early stagenare mobile salt intervals cut thouidjle evaporite
and extruded at the sea bed, dmel extrusionsvere then covered by later evaporit€his sugges
downslope drainage may have occurred with a tilted top salt developed before any sedim
accunulate.

The Reverse Time Migration depth imaging provides clear definition of the salt diapir walls
they are slightly overhanging. The high quality imaging indicates that most diapirs averscd
smoothwalled structureswhich do not develop very larg®verhangs, unless the salt bee
allochthonous. The RTM processing produces better imaginthe presalt rotated faultblock
closures at base salt lewetich contain the largest oilfields discovered in the World in the lasity
five years.

The layered evaporites wedeformed bygravity tectonicsas well agegional plate tectonic force
Compressiorhas produced a 350 km wide fold and thrust. bélie widespread occurrence of th
faulting indicates that either mehigh strain rates occurredndbr that high fluid pressures develo
during deformation. rhbricated layered evaporite sheate developedt the frontal edge of the ¢
basin where the saltips consistently basinward and the shunted salbyaziddenthe oceanic cru
by up to40 km.

Allochthonous salt sheets are well developed in the SE part of the basin where the ori
thickness was greatedtlany of the sheets flowed landward as well as seaward suggesting the
dipped landward in # outer salt basin during extrusidrarge turbidite sandstone reservoirs ma
trapped below thee folded allochthonous sheets , but better seismimging is required to ima
these potential large trapad identify potential sandsto+iidled channels.
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DEFORMATION OF LAYERED EVAPORITES W ITHIN THE SANTOS
BASIN, BRAZIL

JosephCarl Fiduk

CGGVeritas Houston, TX, USA
carlfiduk@cggreritascom

The deep water Santos Basintig site of numerous recently announced petroleum discoverie
as Jupiter, TupiParati, Carioca, Besie-Vi (akaSugar Loaf), Caramba, Guara, and Ik of thest
discoveries liein lease blocks BM$B-9-10-11-21-24. The lease blocks and intervening area
covered by several 3D PSTM and PSDM seismic surveys collectively knownesSItiu s tTlee
Cluster covers nearly 23,200 kin water depths aof, 900 m or greater

Between the water bottom attlie presalt Aptian carbonateeservoirsectionlays an autochthonc
layer of bedded evaporite& single lithology logfrom the Tupi vell shows theapproximatemakeu
of evaporites to be halite (86%), cdite (7.3%), and anhydrite (6.7%) witraceamounts of mo
rare mineralsThe external shape of thevaporite intervahas beerhighly altered byextensior
contraction, sediment loding, and the displacement of mobikvaporite These processes h
created a wide variety of ridges, folds, and diapirs but very few allochthonous salt tor
overhangslsopach values range from8®800 m but the vast majority of the Cluster arels faétwee
16003600 m. The original undisturbed evaporite interaaly haveaveraged 2063000 m

Although comprising only 14% of the interval, the minor evaporite ietdsiproducavell image:
seismicreflections fromwithin the evaporite sectioithes reflections show that internal deforma
within the evaporite interval is quite variable. Where salt withdrawal has occurred the e
interval can appear relatively undeformed and conformable with underlying and overlying
Where salt inflabn has occurred the evaporite interval is often highly distoote@cousticall
transparentinflation initially produces fold structures andbsequenfor concurrentontraction ¢
these folds mduces thrust faults and diapirs. Lateral and verticaement of mobileavaporite
driven by contraction and sediment loading, produce sirfghtks, piercement structureasymetri
folds, recumbent foldsand thrusted folds. Disharmonic folds and thrusts confined to the lower
the evaporite interval ay record early salt movement well before the end of evaporite dep
The bulk ofinternal and external evaporiteeformation occurretly the end of the Cretaceoushis
suggests that updip sediment loading known to be occurring during the LateeGustagas ¢
important driverHowever, some salt deformation is still occurring as recordedrésent dayse:
floor bathymetry.
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FAULTING OF SALT -WITHDRAWAL BASINS DU RING EARLY
HALOKINESIS: AN EXA MPLE OF STRUCTURAL C ONTROLS ON
THE RESERVOIR DISTRI BUTION AND POTENTIAL FLUID
MIGRATION

1 1 2
Tiago M. Alves, Joe Cartwright and Richard J. Davies
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Threedimensional (3D) seismieflection data were used in the analysis of submarine cl
systems in the Espirito Santo Basin, Brazil. In the study area, pervasive normal faulting
Oligocene strata was triggered during early halokinesis (StadmitAitially hardly controlled tr
initial evolution of a channel system (RDCS) which, at the time, incised the continental slopt
within a salt withdrawal basin. In a second stage (Stage B) crestal/radial faults controlled ero
growing s structures, while synclinal and charumefirgin fault sets dissected overbank strata 1
RDCS. In the later part of Stage B, channel sinuosity decreased sharply in response to fat
and associated seafloor destabilization. Vertical propagatidlind faults was triggered in a tt
stage (Stage C)in association with crestal collapse of buried salt anticlines and regional dig
but synclinal and channehargin faults did not propagate vertically above a regional unconft
marking he base of Stage C strata. We have assessed the importance of faulting dur
halokinesis on the 4D development of the RDCS. Statistical analyses of observed fault sets
synclinal faults are in average 2.3 times longer than the crestdlfgags but record 60% of t
throw (average 83 m) experienced by the latter. Significantly, the analysed axial fault sets a
to have contributed to local cannibalisation of the seafloor, to vertical stacking of chiratedte
and to structurahnd depositional compartmentalisation of potential reservoir successions. As
channel systems show marked differences in mean values for sinuosity, height and width in r
five (5) main phases of channel development. The structural gséttithe study area differs fre
productive areas offshore Espirito Santo (e.g. Golfinho field), West Africa and Gulf of Me
reveals-in distal parts of the Brazilian margthe existence of local controls on submaithenne
architecture and stetural compartmentalisation prior to the principal stages of diapirism, whi
dated as Miocene to Holocene.
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GULF OF MEXICO SUB SALT EXPLORATION, APP RAISAL AND
FIELD DEVELOPMENT 1
LESSONG6S LEARNED

M.B.J. Bowman' andC. Yeilding®
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2BP Exploration, HoustorT X, USA

The Gulf of Mexi co irglificdwydrecarbdn provimoes. hvadso rendains on
the most technically challenging areas wfF
the way we do business from the subsurface, through drilling to facilities and infrastructt
history of the Gulf of Mexico has been a series of step outs into increasingly deeper w:
subsurface complexity. In the mid 1990606s
which is now the focus of industry effort.

The key to success ithe Deepwater Subsalt is developing a deep understanding of the i
between sediment influx from the Major Tertiary deltaic and shoreline systems, salt related
and relative sea level changes. Understanding these and developing prepiotivgical mode
provides the basis for successful exploration and appraisal strategies leading to developmet
A critical factor here is being able to assess the often unique uncertainties posed by deepw
salt, understanding how they ingbekey resource, rate and profile risks and influence the pl
devel opment enabling commercial wviability

BP6s prolific successes in the Deepwater
the Gulf of Mexico vith daily production at times exceeding 500mbd. The keys to this succ
dependant on a consistent set of processes, technology and work flows focused on 4 key are

Regional Framework informing all aspects of exploration, appraisal and developme

Seismic Imagd leading edge, driving towards the best quality, early acquisition and cont
improvement

Risk and Uncertainty Assessmedefining the principal subsurface uncertainties and their imp:
prospect, project and development risks

Integrationi ensuring multidisciplinary focussed teams with deep generalist and specialist ex|
and expertise

This paper wi || il lustrate al/l of t hese
deepwater subsalt prospects and fields. Tagethese provide insights into success in
Deepwater Subsalt areas such as offshore Angola and the Deepwater Nile delta in Egypt.
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SEDIMENT PARTITIONIN G ACROSSTECTONICALLY ACTIVE
CENOZOIC CONTINENTAL SLOPES
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Most deepwaterpetroleumprovinces are flored by mobile substratesither evaporites or she
Movement of mobile substrates beneath continental margins produces topagrafgngporaneo
with depositionin the overlying slope depositén this way thedistribution of accommodatioacros
slope topographyaries systematidly as a function oubstratemobility and sediment flux Thes:
parameters ultimately contrthe partitioning of sediments into vario@svironments of depositig
including; 1) aprors, 2) valleys, 3) masdgransportdeposis, 4) unconfined sipedeposis and 5)slope
drapes. Slope aprons as used in this study incladeironmentseferred toas fan aprons, pond:
basin and healeslope deposits, perchatbpe fillsand transient fangibundant slope aprons sugc
thattopogaphy strongly affects partitioning of sediment on abegede slopes, differentiating th
from graded slopedHigher percentage of sand partitioned into aprémesn stepped abovgrade
slopesthan ponded abovgrade slopesuggest furthedifferentigion based on profile type may
significant Slopevalleys includeincision and outer leveeonfined channel complexes with tt
associated inner levee aockvassesplaydeposits. Stacks of channel storeys in the axis of the
characterize this depitisnal environment. Entrenchment, knickpoint migration and chai
geometry in slope valleys also respond to slope deformaddis andvalleys are more abundar
thanaprors on graded slopgsuggesting significantly different style dépositionthan above-grade
slopes

High rates of halokietics relative to sediment Kun the Gulf of Mexicofor example,createdar
abovegrade slope condition throughout tl&nozoic, varying frona steppedprofile during the
Paleogene ta pondedprofile during the Neogne.Other saltbased continental slopesich as in tt
Lower Congo and Campos basitise profile types largely steppedarely evolving into tle ponde
abovegrade condition and therefore have much in common sliddebasedstepped abowgrade
slopes, suchasthoseof the Niger delta and arthwest BorneoThis suggests that in most Ceno:
continental slopeghe type and distribution of accommodatiermorerelated tostructural evolutio
of a mobile substratas a control orslope morphologyrrespective ofsubstratdithology, with the
exception of the Neogene Gulf of Mexico, which is an-emunber ponded abosgrade slopr
Despite its enadnember statushoweverthe Neogene Gulf of Mexico sfie hasapronssimilar tc
apronsfound onstepped abovgrade and graded slopaad hence hake potential to provide usel
reservoir analogudsr these other provinces well
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THE ROLE OF BURIED SALT -DRIVEN RELIEF IN CONTROLLING
TERTIARY BATHYMETRY, SEDIMENT DISPERSAL AND
RESERVOIR PLAY FAIRWAYS ON THE EASTERN FLANK OF THE
CENTRAL NORTH SEA

Rachel JamiesorandJohn R. Underhill
The Grant Institute of Earth Science, School eb&iences, University of Edinburgh

Results ofa newdetailed 3D seismic interpretation and mapping in and around the JaeresnHrg
eastern margin of the Central North SBsEmonstrates the important but hitherto unrecognise
that intra-Triassicmobility of Zechstein Supergroup evaporites had in controlling the distribut
the main Forties Sandstone Member reservoir in the Everest field. It can now be shown
development of a seriesof minia s i ns or ¢ -edithent@ary shit ewements hadya rast
effect on Tertiary sediment dispersal pathways through its subtle control on basin bathym
buried structure appears not only to have controlled the accommodation space avai
Cretaceous Chalk Group deposition but afse allimportant Tertiary clastic reservoitsrougl
compactionrelated differential subsidenceer the pods.
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KINEMATICS OF SALT FLOW IN THE GULF OF MEXICO

Xavier Fort! and JeasPierre Bruf
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Since at least four decades, the Gulf of Mexico (Gad/loften viewed as the most outstan
example of salt tectonics driven by sedimentary loading. This widely accepted opinion takes
from the PliePleistocene minibasins that subside deeply into a several kilometre thick |
allochtonous sal emplaced on top of lower Miocene sediments. Because rifting and salt de
occurred in Jurassic times, it is admitted that the margin slope has partly driven salt tectoni
Mesozoic times but most authors, if not all, consider that sedimyeltading became the unic
driving force during the Cenozoic. In agreement with this conception, the lobate contou
northern GoM salt basin, smlled Sigsbee Escarpment, is interpreted as the front of a sa
flowing dominantly southward. Wdteas no argument has been provided to show that salt effe
flows southward, almost perpendicular to the shelf edge, regsocald seismic lines as well
attempts for balancing geological cressctions generally trend NotSouth.

We present hre a detailed structural and kinematic analysis of the very well known

bathymetric map (NOAA) of the northern GoM. This seafloor image displays clear sti
evidence of three types of relative displacements between the minibasins: extercsiemjrgh c
strike-slip. Seismics shows that horizontal displacements are located within the salt rid
separate basins. Our structural mapping puts in evidence-8WNHEending direction of almc
uniaxial elongation at regionatale. This distribied stretching indicates that the allochtonous
layer that underlies the minibasins is flowing toward the Southwest, since at least Neogene t
the geometry and kinematics of stri&kp shear zones (in particular in Green Canyon area) shc
blocks of preEarly Miocene sediments underlying the allochtonous salt have rotated around ¢
axis. This indicates that even the autochtonous salt layer is involved in the recent def
recorded by the seafloor morphology.

The NESW salt fbw direction is difficult to reconcile with sedimentary loading as the driving
of salt tectonics in Northern GoM. To illustrate its tectonic significance we present two
laboratory experiments: (1) the progressive deformation related taxgaisien during SW direct
salt flow and (2) the formation in Northern GoM of a NS¥ trending passive margin in relation \
a sinistral rotation of the Yucatan continental block during rifting and subsequent opening of t
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SALT INTRUSIONS IN THE NORTH SEA BASIN

Simon Stewart

YInstitute of Petroleum Engineering, Herd{att University, Edinburgh EH14AS
Simon.Stewart@pet.hw.ac.uk

The North Sea Basin contains a widespread Permian salt layer that reached a depositional thickness of
approximately 1km in the basin centEhe principal role of salt in thisasin was constituting a weak

layer in the tectonostratigraphy that profoundly influenced structural style facilitating gravity
tectonics, minibasin development and detachment foldiath Sea salt thickness was not sufficient

for salt canopy developmet but t here ar e s ev e rimthe Cantral Graben o f
kilometrescale cylindrical, passive diapirs form a distinct play in Tertiary reservoirs. On the Shelves
adjacent to the Central Graben, exhumed Mesozoic salt walls control Uppessic sands.
Localised, unusual 100 inscale collapse structures are also pres€here are sills in the southern

North Sea where Permian salt from reactive diapirs intruded along thin Triassic salt layers, these are
relatively complex structurefat locally challenge seismic imaging.
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SALT-INFLUENCED SEDIMENTATION WITHIN THE MIDDLE
JURASSIC HUGIN FORMA TION, SOUTH VIKING GRABEN

Rachel Kieft!, Christopher JacksénGary Hampsoh Eirik Larsef?®

Dept of Earth Sciences, Imperial College, LonddK,
“Statoil Exploration TroHSleipner, S&vanger, Norway
*Present addresfRocksource ASA, Box 994 Sentrum, Olav Kyrres gate-880Bl Bergen
rachel.kieftO5@imperial.ac.uk

Facies character, facies distributioasd sequenestratigraphicarchitecturewithin salt basinsare
often complicated bysyndepositional halokinesiswhich can modify basifloor topography
sediment transport pathwayand accommodation developmenRobust prediction of faci
relationshipsin such settings thereforequires reconstruction of the timing and distributadrsal
movemenin orderto establish basin geometry at the time of depositiecordingly, it is importar
to integrate all available data (e.g. biostratigragoye sedimentologyseismictectonestratigraphy
when attempting to understand halokisesnd its impact on facies relationships.

The Hugin Brmationis shallow marine in origin and was depositéithin the South Viking Grab:
during an overall transgressioimat marked the southerlyretreat of the Brent Delta syste
Theformation forms animportant hydrocarbon reservoir within the graben. The owuérlie:
continental deposits of the Sleipner Formation ianthpped by shelfal and offshore deposits ¢
Heather and Drauprfermations Deposition of theseMiddle Jurassic unitscoincided vith
halokinesis, extension and normal faulting (related to the Upper Jurassic rift event) in tt
Viking Graben Seismic mapping across the study area has identified severabsdt structur
which isochron analysis highlights were developing miyirHugin Formation deposition. Fac
analysisof the Hugin Brmationshows the unit to compriseflavio-tidal channel system towards
south andshorefacesandstones towards the noriewly-acquired highresolution biostratigrapt
datahas been imgrated with facies analysi$ cored and uncored wells produce correlation pan
across the saftored structural highsWavedominated shoreface sandstopésch out rapidly (<
km) into open marine shales where sediment supply is outpaced by aodatiom generatio
Where sediment supply is highestratigraphic unitscan be correlated across saired higls
althoughfluvio-tidal channels appear to be focussed along the flanks sé fibatures. It is therefor
inferred thatintra-basinal, saltored highs influenced the position of the shoreline and facie:
across the area during the Middle Jurassic. The coastiireot linear, but consisted of a serie
shallow marine embayments and flanking-saltedheadlands andlands.

This gudy indicatesthat an improved understanding of syepositional salt movement and rel:
Hugin Formatiorsedimentation is key to understanding reservoir architecture withstutleed are,
and also tredicting reservoir distribution fduture exploation
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3D MODELLING OF SAND DEPOSITION PATTERNS ON RESTORED
PALAEO -BATHYMETRIC SURFACES :
A CASE STUDY FROM THE SOUTH VIKING GRABEN

A. Domzig*, Z. Schleder', S. Hottt, D. Knaust’, R. Kluge %, S. Otteseri

'Midland Valley Exploratiori_td., Glasgow, U.K.
“StatoilHydro ASA, Stavanger, Norway

anne@ mve.com

The SouthViking Graben offshore Norwayis a key area tetudy theinversion of normal faultsN-
to NEtrending normal faults resudtd from a mid-to-late Jurassic extensioduring which te
underlying Zechsteisalt aceédasdecolementA period of inversiorduring the Late Jurassioa:
been identifiechfter the episode of riftinglhis inversionwas expressed lifie formatiorof anticline:
in the basin anthrusts along theasin margin

The aim of this study was to establish the palgeametry at the time of depositiondpper Jurass
target sand reservoits use them as input for turbidity flow simulatioths a first stegestoration ¢
2D seismic linesvasperformed bysequential backstigng up to the desired palaeosurfaadereb
different restoration algorithmevere testedin this case Vertical Shear and Flexural Slip ur
algorithms provide the most satisfying resufifie same workflowmwvas applied to 3D surfae
resulting from the interpretation 8D seismic in order to obtairestoed palaedathymetric surface
The geometry of the restored surfaces was used to assess the deformation style at the <
study areaand the sequence of deformation evemitich led to the developmenf the presentliay
structural geometry

The restoredsurfaceswere theé used to model turbidity flows predict the spatial distributioof
sandrich deposits.The sediment dispersal modelling wearried outusing 4DSedimeh software
Multiple scenarios were tested to assess the influehdkeoinput parameters, such asstoratiol
algorithms usedJow dimensionsflow volume, direction and origin of the flovas well aggrain sze
distribution A Monte Carlosimulationwas appliedto find the set oflow parameters that produce
flow which best matcheshe available well data in terms of sand fraction and deposit thickr
Forward modelling of multiple stacked flomgs ugd to study the spatial and temporal variasiat
the deposits as turbidites accumutat&ormation of sedimenivaves was also observednd i
interpreted to reflect subtle topographic changes of the palaeosurfecktter in turn can be link
to smaliscale folds, related to salt movement aneligion
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MESOZOIC AND CENOZOIC EVOLUTION OF SALT STRUCTURES
WITHIN THE MID -POLISH TROUGH

Piotr Krzywiec
Polish Geological InstitutéNVarsaw, Poland

piotr.krzywiec@pgi.gov.pl

The Permian to Cretaceous Miblish Trough evolved abevthe Teisseyr@ornquist Zonegrustat
scaleboundary between the Precambrian and the Palaeozoic EuropetoPiteiate Cretaceot
Paleogendnversion, the MidPolish Trough was filled with several kilometres of Permian
Mesozoic sediments, including thick Zechstein sdlte presace of these Zechstein salts gave
to the development of a complex system of salt structures in the central and northwest segm
Mid-Polish Trough.On-going studies of salt structures from the NAdlish Trough using, betwe
others, seismic ata, arerelatedto plans for construction of underground gas storage and n
waste disposal in some of the salt structubeging Triassic Jurassic stagthat wasassociated wi
regionalbasement faulting and subsidersedt structures evolved iregerally tensional stress regil
In Early Triassic numerous salt pillows formed, and in Late Triassic some of them reached
stage.Newly identified ®ismic examples of salt overhangsal{ wing$ point to a regional s:
extrusi on offoar.dollowedLate Eiassimdiagirism, Jurassic stage was related t
minor growth of selected salt pillowsate Cretaceou$ Paleogenenversion of the MidPolist
Trough resulted in significant reactivation sfmesalt structuresSedimentary reard of growth o
salt structures nicludes upturned beds, thickness reductions, localized and partly

unconformities, and onlapping / downlapping patterns. All these features point to progressiv:
of salt structures fggered by regional compren. Next phase of tectonic activity of selected
structures from the MidPolish Trough took place iMiocenetimes. It was caused by regio
relaxation of inversiomelated compressional stresses, aad associated with localized subside
abovesome salt structurePuring this stage, @ove and in close vicinity of certain salt structt
important brown coal deposits have been formed. Latest stageeofCémozoic (Pliocené
Quaternary) reactivation was relatecatmther phase dbcal compressn and growth oelectedsal
diapirs Cenozoic evolution of salt structures could be detected using shallowekigkismic data.
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THE RESPONSE OF SLOFE CHANNEL COMPLEXES TO
SALT-RELATED FOLDING AND FAULTING

Rob Gawthorpe', Frode Hadledacobseh Ayodeji Oluboyd, Mads Huusk and Eilert Hildé
'School of Earth Atmospheric and Environmental Sciences, University of Manchestemebtanc
UK

“StatoilHydro Research Centre, Trondheim, Norway

rob.gawthorpe@manchester.ac.uk

Deformation above mobile salt along continental margins results in a complex array of s
characterised, at the margin scale, bydippextensional growthaiults and folds, salt walls and dic
and allochthanous salt sheets, and ddipncompressional folds, thrusts, squeezed diapirs ar
nappes. This diverse set of structures has a profound effect on seafloor topography, ¢
complex and evolvinglope characterised by a 3D array of salted highs and intervening s
basins. We present examples of the various ways the growth-oélasdd folds and faults contr
submarine channel complexes using standard attributes, spectral decompodifRBEblending
3D seismic volumes from Tertiary passive margins.

The evolving saltelated fault/fold arrays on submarine slopes have a major control on th
geometry, location, stacking pattern and profile of submarine channel complexed énhtheiaua
structure) to regional (fault/fold array) scales. Sediment transport pathways commonly divel
earlyformed sahcored highs and are focused through intervening lows commonly resul
pinning of major sediment fairways on the slofgéhe geometry and variability of channel compl
also responds to the evolution of individual structures. As folds grow and interact, channel ct
increase in sinuosity and their cresectional and longrofile geometry becomes progressively e
variable and complex as slope roughness increases. As a result, channel orientation
increasingly variable with local deviations parallel to fold axes and channel complex s
mimicking the spacing of the main satired structures. Avulsionodes, depth of incision, char
complex width and levee development all show systematic variation with respect to s
location. Amplification of saltored folds and growth of diapirs also leads to local oversteg|
and slope failure resuftg in development of mass transport complexes that may dam entry
points between mirbasin depocentres.
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THE INFLUENCE OF BAS EMENT FAULT GROWTH A ND LINKAGE
AND COVER SALT UNITS UPON SYN-RIFT DEPOCENTRE
DEVELOPMENT: THE COF FEE-SOIL FAULT ZONE, DAN ISH
NORTH SEA

Oliver B. Duffy*, Rob L. Gawthorpe Matthew Docherty Simon. H. Brocklehurst
ISEAES, Universitgf Manchester, Manchester, Lancashire, United Kingdom.

Exploration and New Business, Mzersk Olie og Gas AS, Copenhagen, Denmark.
oliver.duffy@postgrad.manchester.ac.uk

We present an intergtation of the symift evolution of the Coffe€Soil fault system on the east
margin of the Danish Central Graben. This area is characterised by lateral wamigiie thickness
a mobile,pre-rift cover Zechstein evaporite unit, along with basenti@eaments oriented oblique
the CoffeeSoil Fault. This provides a unique opportunity to study the effects of variations
thickness and basement lineament reactivation upon fault structural style arift dgpocentr
development.

Traditiond models of normal fault growth and linkage, and subsequentrifyepocentr
development, have recently been modified to account for the influence of a mobile salt layer
as providing a fault decollement horizon, joife salt has been shown fassively migrate towar
displacement maxima during cover extension. The influence on theftsgepositional surface
such that symift deposits may thicken away from the fault in contrast to traditional models of r
fault growth and linkage whe salt is absent.

The study is located to the South of the Poul Plateau, a complex segment boundary along-
bounding NNWSSEtrending CoffeeSoil fault system. The present day Coffeail fault system is
westerlydipping, hardinked, basiAbourding fault system, with a major sinistral jog in the f
trace around the Poul Plateau. Significantly, the southern portion of the study area lies withir
Dome Province, where thick Zechstein evaporites gradationally fpimichorthwards, alongrike of
the CoffeeSoil Fault.

Analysis of TWTT structure maps and isochores for key components of the basement-#fi
cover stratigraphy, along with observations of presant fault geometry, has elucidated the s
and temporal evolution of hgingwall depocentres. In the nsalt influenced north, dating of fa
propagation and linkage is achieved by hangingwall stratal geometry and the coalescence ¢
isolated hangingwall depocentres. However, along the southern portion of theofailtincreasir
salt thickness and salt migration provides additional complexity teifiymangingwall geometry ai
thickness variations. This study will identify and deconvolve the respective effects of these
upon synrift hangingwall stratgraphy, allowing the determination of fault kinematics and strus
style.
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TECTONO-STRATIGRAPHIC EVOLUT ION OF AN EVAPORITE -
DETACHED NORMAL FAUL T SYSTEM: THE BREMST EIN FAULT
SYSTEM, EASTERN HALT EN TERRACE, OFFSHORE MID -NORWAY

Paul Wilson', Gavin Elliott, Chris JacksdnRob Gawthorpeand Sigurd Hansén

'Basin Studies and Petmim Geoscienc&EAESUniversity of Manchester, Manchester, UK.
Department of Earth Science & Engineering, Imperial College, London, UK.
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Recent research into the teatestratigraphic evolution of rift basins has mainly focused on
where evaporites have not influenced rift development. The presence of a ductile evap
mechanically decouples s@lvaporite strata from cover strafidisinfluencesfault array developmel
in terms of faultinitiation, propagation and linkagevhich in turn influences synft sedimentatiol
In this study we use 3D seismic and well data to constrain the Jurassic to Cretaceous evolu
Bremstein Fault Complex (BFC), wihi delineates the eastern flank of the Halten Terrace, of
Mid-Norway. Here, the structural style is influenced by the presence ofpwmx.400 m thic
Triassic(pre-rift) evaporite layers that are separated bg@rox.500 m thick unit of clay®ne.

Two dominant fault orientations are observed along the BFC:

i) a NE-SW-striking, basemertvolved, subevaporite fault system, thought to represen
reactivation of older Caledonide trends, and

i) aN-S-striking faultsystem restricted to the pestgporite succession.

The NS striking faults terminate downwards into the upper evaporite layer and are associz
low-amplitude salt rollers in their footwalls. The degree of linkage between thevapbrite ar
cover faults ranges from halidked, through softlinked, to completely decoupled. Thickr
distributions suggest that the MBN-striking hardlinked faults were the dominant structures ir
cover during the Upper Jurassic, whereas thg-dtriking cover faults may be older, having k
active throughout the Middle and Upper Jurassic. We suggest that this fault array evolutic
from the riftinitiation development of relay ramps and fgulbpagation folds below the lov
evaporite unit. The resultant tilting of the evaporitade to gravitational collapse of the cc
stratigraphy, creating a system of decoupled normal faults above the evaporite units. (
extension led tesome ofthe NESW-striking, subevaporite faults propagating upward througt
evaporite layer irthe Upper Jurassic. Fault movement was then focussed on these structur
the late Jurassic rift climax phase. Hence, detachment of the BFC on evaporite units leads tc
style in the cover being strongly controlled by the configuratich@tubevaporite fault array.
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SALT-RELATED PROSPECTIVIT Y OF THE NORWEGIAN C ENTRAL
GRABEN; AN INTEGRATE D STUDY OF THE TRIASSIC

E. Baudia, C. Gil, L. N. JensenO. Walderhaug and NJ. Banbury

Statoil, N4032 StavangeiNorway
ebau@statoilhydro.com

During last decadehe Triassic playn the Norwegian Central Graben has been put aside mair
to pressuretemperatureand reservoir qualityssues.The recentsuccess stories the UK Centre
Graben made the Triassic play mattractivefor prospectivity on the Norwegian sidié.becamt
necessary toe-evaluate the extensiaf this play across the border atmdunderstand the role of ¢
tectonic onsanddistribution The Triassic sedimentatiaver the Central Grabareaoccurredunde
an aridfluvial environmenin anarea contrtbed by active salt tectonig

The aim of this projecvasto predictthe reservoirpresence and qualityf the Triassic sedimel
deposited in mini basing’he first challenge @as to interpret regionally the Top andd® of th
Triassic: Top Triassic ian erosional unconformity with no clear and/or consistent seismic expr
while Base Triassioften lacksreflectivity. The second challenge was to be abledwetate th
Triassic from well to wellvhen these werlying on different mini basinsepaated by salt walldt i<
important to bear in mind that none of th2 wells reaching the Triassic were aimed to tedtr
addition thelack of biostratigraphic data the areanade the arrelation even more difficult.

The methodology applied to s these challengs is based on the use of both well data and s¢
interpretation. A salt wall map over the whole Norwegian Central Graben wasréiasedn order t:
locatethe Triassic podgroperly. The interpretation of a clear intfaiassic seimiic reflector in th
Northern part of the area was the key factor to improve the correlation of the Triassic strata
to pod. This intralriassic reflector is seen to correspond to the well known Julius mudstadhe
UK lithostratigraphic chartThis marker facilitated the well correlation and provided bettesliily
in the seismic interpretation in betweearlls. Once we had control on the reservoir presenc
extension of the Triassic we could address the reservoir quality issue, hamnglithat the Triass
in this setting has better reservoir properties above the mdppesl mudstone

After applying the methodology, we now have a 3sia reservoir distribution map whictlow a
assessment of reservoir presence and quality whiey doplay fairway analysisand when lookir
for Aisweet spotsin the areaBased on this studystatoil preserd a new assessment of the Trig
play in the Norwegian Central Graben amdvidesexamples of sailtelated prospects.
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Baudia et al. - Figure 1. Top Salt 3D interpretation and key wells for Triassic correlation in the
Norwegian Central Graben
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EVOLUTION OF SALT ST RUCTURES IN THE
NORTHERN PARADOX BASIN:
CONTROLS ON EVAPORIT E DEPOSITION, SALT WALL GROWTH
AND SUPRA-SALT STRATIGRAPHIC A RCHITE CTURE

Bruce D. Trudgill
Department of Geology and Geological Engineering,

Colorado School of Mines, Gad, Colorado, 80401877, USA.
btrudgil@mines.edu

The northern Paradox Basin evolved during the Late PennsylvBeranian as an immobile forele
basin: the result of flexural subsidence in the footwall of the evolving Uncompahgre Ancestre
Mountain Uplift. During the Desmoinesian (~30B85.6 Ma) a thick sequence of evaporites &F
dox Formation) was deposited in the foreland basin, interfingering with course clastics in the
and carbonates around the basin margins. Cyclic depositiore afviporites produced a repeti
sequence of primarily halite (~71 %), with minor clastics, organic shales, and anhydrite. £
loading of the evaporites subsequently produced a variety efsatied structures ranging from ge
ly buried salt pillavs to faulted diapirs and linear salt walls up to 4500 m tggismic, well and pu
lished data define the proximal Cutler Group (Permian) as a basinward prograding unit the
underlying mobile salt layers to flow in the same direction, i.e., towdr@southwest. Sequen
structural restorations indicate that the more proximal salt structures (e.g., the Onion Creek
evolved earlier than the more distal ones (e.g., the Moab salt wall). The degree of salt withdr
highly dependent othe amount of mobile salt available within the Paradox Formation, which
with complex facies development across the basin.

The highest rates of sediment accumulation, salt wall growth, salt evacuation and subsidence
during Cutler (Permigrnime, when the Uncompahgre uplift was most active. Faults at the tos/
sippian level (base salt), inherited from PreCambrian basement lineaments, localized the de\
of linear salt walls along a NVBE trend. A crossutting NESW basement trendlas also importa
in controlling facies variations in original salt deposition and the abrupt termination of salt wa
tures.

An integrated model that combines large scale tectonic controls and-gletadic sea level var
tions with internal salcontrols on supraalt structural styles and stratigraphic architecture prc
new intgpretations for distributions of source, seal and reservoir rocks within the northern |
Basin and aslogous salt basins where linear salt wall systems cootrdinental clastic depositior
sequences.
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ARCHITECTURE, DISTRI BUTION AND CONTROLS ON
PRESERVATION OF FLUVIAL SYSTEMS WITHIN ACTIVE SALT
REGIONS T AN EXAMPLE FROM THE TRIASSIC
CHINLE FORMATION, UT AH

Laura Evenstar and Adrian Hartley
University of Aberdeen

The Triassic Chinle érmation of the Padox Basin is well exposed in the Moab region of Utal
shows an excellent example of how fluvial sediments interact agtively deformingsalt bodie
during deposition The salt within the region was deposited within the Pennsylvanian a
movemat was initiated shortly after by differential loading from thecompage Uplift to the Nort
East The salt movement shows @ogressive souttvesterly migration through time During
deposition of the Chinld=ormation sediment geometries refldmbth inactive and activesal
movement as well asvidence fosalt dissolution.

This studyfocuseson how different rates afalt movementféect the deposition and preservatiol
fluvial systems. As well as looking differences in the architecture of fluviatystems adjacent
active and inactive salt bodies, we also constrain likeljial pathwaysthrough salt provinces &
the preservation potential afand bodies adjacent to active salt structures

The results showed greatest preservation of brattldluvial systemswithin areas of limite
accommodatioispace suchsaverlying active salt pillows, hile preservation ofmeanderingystem
is restrictedto mini-basins between salt bodies and lacustrine faitiesalt dissolution feature
Overall thisstudy hasimportantimplications for modellingluvial facies distributios and predictir
reservoir architecture and distribution within areas affected by salt tectonics.
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KINEMATICS OF EXTENS IONAL FAULT BLOCK RO TATION
ABOVE AN EVOLVING SA LT SUBSTRATE FROM FL UVIAL
PROFILE ANALYSIS

Deirdre C.Commins? SanjeevGupta?, andJoeCartwrigh?

Shell Oil CompanyDenver, CO& LamontDoherty Earth Observatory, Columbia University
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Thin-skinned extension is commonly associated with-reddited deformation at many pas
cortinental margins.Physical models produced in the early nineties definitively illustratec
graben development thins the overburden, resulting in diapiric rise diVealdeville and Jacksc
1992] These studies had the advantage of modeling the brittle nature of the overburden, thus
characteriation of the complicated finite deformation observable in salt provi@@sstudy area
in the Canyonlands Graben, Utah, which comprise a spectacular array of extensional fi
formed in response to underlying salt evacuat®ecently, twedimersional finite element mod:
have simulated how gravigriven extension influences salt diapirism, using the Canyonlands
as a direct analogjSchultzEla and Walsh, 2002; Walsh and Schifta, 2003] These mode
describe horst tilt in the dowslope direction, followed by subsidence in the opposite dire
resulting in a symntec graben. Their models also propose a sequential development of the
array in response to salt expulsion. However, it was not possible to accurately constrain the
graben evolution.

In actively extending areas, fluvial systems providesigeent landscape elements that are sensit
changing topography, so the geometry and evolution of fluvial elements can be used
information about fault zone character and evolutiGofimins et al., 2005; Jackson and Le
1994; Leeder and Jackson, 1993; Seeber and Gornitz,. 1983} an approach is particularly us
where there are poor constraints on the history of fault activity. Here, we propodkeigial profile
analysis can be extended to the elucidation of fault array kinematics. We describe how
analysis can be combined with structural data to determine the timing and degree of fa
rotation within an array of actively deforng structures above a salt substrate. We show tt
grabenbounding faults have distinctly asymmetric morphologies, and that they have
displacement on the western faults. Rotation of the fault blocks begin in the west, close
Colorado Rver, and progress eastwards. Recovery to amméontal position has not been achie
by any of the fault systems, although pulsed rotation has occurred to partially restore the blc
research adds to our existing knowledge of-8kimned extesion, but also is applicable to area
crustalscale extension in general.
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ALLOC HTHONOUS SALT IN THE SUB-ALPIN E FOLD AND
THRUST BELT OF HAUTE PROVENCE.
Rod Grahant, Martin Jackson, Bill KilsdonK and Robin Pilchék
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’Applied Geodynamidsaboratory, Austin, Texas.
rod.grahan@hess.com

The Digre Thrust system formamuch of theAlpine mountainfront in HauteProvence $E
France) an area ofspectacular geologwhich has beenvell known and well understoodor
many yearsDespite thisaspecs of the structuraemainenigmaticandthis paper arguetha
they cannot bexplairedin terms of thrust tectoniaone

Reference to good seismic imagesatibchthonous salt in the Gulf of Mexi@nd Brazil anc
acquaintance with physical modesimulating salt behavioleadsus to conclude that sor
elenentsof the structue areassociated with salt tectonj@nd took place beneath the Jure
sea floor rather than in the Alpine thrust wedge.

The subAlpine chains of S.E. France expddesozoic rocks showing rapid thickness and f:
changes associatewith Jurassic (Tethyan) extensional faultinghich were deformedanc
translatedduring6 A | pdompeeésion between the Late Cretaceous and the Pliokdemist
related folds in Mesozoic carbonates ahdles were buried by Oligocete Pliocene redbec
andmar i ne O mo | aasdshe fiontal seqtar ef the thrgst system was carried ove
surfacesduring the Oligocene and the PliocenAlthough the thrust system roots in
basement,hte most importantegionaldetachmensurfacelies in Keuper (Triassig gypsiferou
beds Halite is not present in azrop today, but wevould argue that it almost certainly exis
in the past and that salt played an imgnot role in the structural elution of the region.

Broad gentle folding postatesPliocenedisplacementcreatingan erosional windovinto the
footwall of theDigne thrustnearthe village of Barles, where anassive apparentlyformless
pile of Triassic dol o mdolomitisedgaybprata ionecaajexnser
Most d the foldsin Jurassic and @taceous strata this window are asymmetrical witlshor
steepor overturned leadinmbs, comparablevith thosein any external thrust province

One of them is very differen§outh of the villagein the structuraseting of a footwall synclin
to the Dignethrust is acompletely horizontal andvertedlimb in anomalously thin Midd
Jurassic limestones and shalés.we see it todayhe overturned Jurassic section is 2 to 3.
long in the tectonic transpattrection and 2 km wide along strikéut it could have been up t
km wide before erosiolherocksare not significantly strained, yet they arenaall fraction o
the thickness of the basinal sequence carried in the hangingwall of the Digne thriist)
contain amplesvidence of depositional hiatubhe nonmetamorphic sub Alpine domain is
the sortof structuralprovince where completely invertdubrizontal stratavould be expected
exist An explanation is therefore required

We interpret theoverurned Jurassicsection as aaltr e | aflapé whichooriginally underla
diapiric Triassic salt either as an allochthonoustflow or a recumbent anticlineThe
anomalously thin urassicsection is explained as condensed carapace that originally for
the roof of a broad, gentle salt structdeveloping in a deep marine basite uniform thinne
of the flap suggests that in the Jurassic the crest of the underlying salt body was flat ar
kilometresbroad a salt plateauwwhich would have beennflated by expulsion of salt frc
beneath thicker sedimentary load elsewhere

Much later,the Digne Thrustmoved over thdlap, but the flap is not simply theoverturne
footwall of the thrust Internal strainis negligible nothing like what we shouldxpect in

totally inverted footwall syncline limbeneath a major thrust shelinor extensional faultant
slide planesssociated with chaotatrataldisruption suggeghat deformation tooklace incolc
unlithified sedimentAsymmetric foldsexist n the flap,but theiré6 S 6 v esirgampatie
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and slide planes associated with chaotic stratal disruption suggest that deformation took place

in cold wunlithified sediment. Asymmetric folds
incompatible with shear strain associated with the oveglimust sheet and more likely they

formed by gravitational instability in strata above or adjoining the salt body before it was
overturned.

The implication is that th®igne Thrust might once have been a comparable structure to the
Sigsbee canopy of ¢hdeepwater Gulf of Mexico. The difference is that in Provence, late
Alpine compression used that canopy as a major overthrust.
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THE RESPONSE OF TURBIDITE SLOPE CHANNELS TO TOPOGRAPHY

Mike Mayall', Lidia Lonergaf, Andrew Bowmah Dave Hood, Stephen JaméKeith Mills®, Tim
Primmer, Dave Popk Louise RogersandRoxanne Skeeng.

'BP Exploration Ltd, Sunbusgn-Thames, Middlesx, UK
2Department of Earth Science and Engineering, Imperial College London, London, UK
michael.mayall@uk.bp.com

The morphology of turbidite slope channels and the distribution of reservoir anésemioir facie
within them are commonly complicated bye interaction of the channels with the developme
structurallyinduced topography. The pattern of channel response may be dictated by the 1
structural growth related to channel development, the size and shape of the structures, ther
of the structure to depositional dip and the erosional power of the channels.

A number of 3D seismic data sets have been examined fegive margins deformed by sdftver
tectonics to investigate the range of responses that large;otlied erosinal channel compl
systems can show to slope topography. The examples are divided into those where we inte
structures i.e. existed before the development of the channels and those where structural de
appears to be contemporaneous wlthnnel development.

Earlier preexisting, aerially limited structures causes turbidite channels to take a moderate (
as they traverse the slope. Where early structures are more laterally extensive, channels
extreme diversions, often kiteetres along slope before continuing down the regional slope.

When the erosion of the flows is strong enough and can overcome the rate of growth of the
channels can continue to incise across the growing structure. If the rate of growth nidtuest
higher, the channel systems shift systematically sideways to avoid the rising topography. Th
the sedimentatiotopography interaction has a strong but often subtle effect on the geometry,
stratigraphic architecture and theurat and distribution of the facies deposited within and aroul
channels.
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USING POLYGONAL FAUL T SYSTEMS TO RECONSTRUCT THE
STATE OF STRESS OF &\LT DIAP IRS

Daniel Carruthers®, Joe Cartwright Martin Jacksof) Mette kristenseh
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The geometry of polygonal faults is used to reconstruct the state of stress during the grow
diapirs. We use 3D semic data from the eastern Central GrabMorth Seawhere several ta
cylindrical diapirs penetrate regionally welated polygonal fault tier€€oherence time slices and
attributes ofreflectionswithin polygonalfault tiers record polygonal faultshanging into radial
orientated faults close to the salt margin. The distance of the boundary between polygonal ar
arranged faultsrbm the salt margin varies betwetirs but approximates the radiakthe salt diap
which may vanyetweenl-4 Km. The nature of the boundary can be sharp or more transitiona
polygonal faults grade into radial faulSeismic crosssections show that there are polygonal f
within the radial fault zone and that radial faults are tier bound. Wedgedipagkages on hang
wall blocks of some of the faults suggest that fault activity wassegimentary or fdts formed earl
during burial. Radial faults form due to circumferential stretching of the overburden as a rt
dome inflation. We suggeshat polygonal faults were influenced during their growth by the
stress field of the salt diapir. The width of the radial fault zone is interpreted to reflect the
radial stress generated during diapir growth. $eesitivity of polygonal falts to local stress fielc
and the ability to date fault activity provides an important tool to understanding the state

during diapirism. Polygonal fault tiers are observed as several tiers in over 30vinabilvgide whick
are often deformed blyalokinesis osalt diapirism. This research therefore has implications be
hydrocarbon exploration in the Central North Sea.
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IMPLICATIONS OF HALI TE®S L OW ST RERDBCHS, SORESSES, A STRAIN
RATES ASSOCIATED WIT H SALT TECTONICS IN NATURE AND MODELS

B.C. Vendeville

Université des Sciences et Technologies de Lille I, Laboratoire Géosystemes, Cité Scienti
Villeneuve d'Asg cedex (France).
Bruno.vendeville@unilille1.fr

Rock salt has the rare characteristic that its mechanical strength is considerably lower thi
other igneous or sedimentary rocks. In addition, salt tectonics usually occurs under water
and along passive margins, and is often associated with syntectonic deposition of significan
of clastic sediments. Both characteristics lead to specific characteristics in terms of (1)
capable of generating stresses high enough to triggéormation, (2) spontaneous or impc
deformation rates, and (3) forces and stresses capable of influencing deformation in both m
natural examples.

1. Deformation mechanisms and triggers

During salt tectonics, surface parameters, such as régiotacal slope, or sedimentation, exer
important control onto movement of salt and its overburden. Along young, subsiding passive
it is the tilting of the continental crust that creates the surface slope and hence triggers gre
gliding. However, as the margin gets older and thermally stable, the only mechanism ce
creating or maintaining the surface slope is the deposition of sediment wedges thinning se
such a case, it is the regional sedimentation that triggerscantiebls deformation. Salt tectonics
be triggered by very low forces, such as those generated by topographic or bathymetric sl
illustrate how even very gentle bathymetric slopes generated by turbidite deposition or by |
subsidence can gger regional gravity spreading of the entire sediment wedge.

2. Imposed or generated strain rates

One consequence of saltés | ow strength i
2000) in the field, predicted by physical experiments ottHmoretical calculations (Vendeville
al.,1993) the lateral and vertical movements of the salt and its overburden can be very 1
compared with the highest deposition rates recorded in the world (e.g, the US Gulf of Mexic
observation hagpractical implications in modelling. For examples, modelling the interacti
relatively slow deformation crustal processes (mm per year) with gravitational salt tectonics
applying very low deformation rates to models in the laboratory. Faiingo so will lead f
overestimating the coupling between st basement and cover in the experiment.

3. Forces and stresses

One | ast i mplication of saltdés | ow streng
friction. When models ar@ r oper |l y scaled in terms of
mechanical contribution to the overall mechanical field is minor, hence other forces wh
elsewhere seem negligible, become major. In this case, lateral friction can camtvelgence al
sense of propagation of normal faults and thrusts and folds above salt.
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AN INTEGRATED, MULTI -SCALE APPROACH TO SALT
DYNAMICS
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Basins containing salt frequently display a complex geodynamic evolutionctdramed by sevel
phases of halokinesis and associated sedimentation. Our approach to salt basins combin
structural and sedimentary studies with analysis of rheological properties, and geor
modelling. We illustrate these concepts withse studies from Permian Salt Basins in Europ
Precambrian to Paleozoic Salt Basins from the Middle East.

One classic area of salt tectonics is the Central European Basin System (CEBS). Here, t
Permian Zechstein salt formed a large numbesatif structures such as anticlines, diapirs, pill
sheets, stocks, and walls during an extended period of salt tectonic activity in Mesozoic and
times. Sahinfluenced sedimentary responses to renewed phases of tectonism can be clearlyt
from detailed sequencanalysis based on seismic alul)y data combined with retrodeformai
modelling studies. Late Paleozoic sedimentation in the CEBS deposited Upper Rotliegend ¢
in a series of fluvial, eolian, playa lake and sabkha setiinga extensional regime. About 800 r
bedded sulfate and halite were deposited in the study area during the hydrographic isol
drawdown of the Late Permian Zechstein evaporite basin.

High quality 3D seismic data integrated with structural mbdg improves the definition of s.
structure and associated sediment architecture ht@alitolled sequences. Paleap rocks inside t
diapirs point to long phases of dissolution. Salt wedges formed by extrusion and lateral flo
glaciers dung periods of diapir emergence and reduced sediment accumulation can be a
modelled. Although salt is widely regarded as a perfect seal, it can become permeabledotvom
phase fluids under certain conditions of fluid pressure, temperatdreleviatoric stress. The fli
pathways can be either along zones of diffuse grain boundary dilatancy, or along open

depending on the fluid overpressure and deviatoric stress. The fluid can form halite veins or
of brinefilled grain baindaries which conduct fluid from primary inclusions during recrystalliz
The main criterion for this to occur is the presence of-hierstatic fluid pressures, which all
dilatancy and a dramatic increase in permeability.
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INTERNAL DYNAMICS OF SALT STRUCTURES
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Salt structures arepresented in two strikingly different ways. In studies using 3D seismic ar
data that focus on the swib suprasalt sediments the evaporites are shown as homogeneou:
On the other hand, studies of the internal structure of salt show the elytreamplex intern
geometry with much less attention to the structure of the surrounding sediments. Numerical 1
salt tectonics also tend to assume relatively homogeneous rheological models, and cor
produce relatively simple internal sttures. New developments in microstructure analysis, con
with 3D seismic study of complex internal structures in salt form the basis of integrating these

A review and synthesis of the mechanical and transport properties and their extrapoletlenar
strain rates must be based on an understanding of the microscale deformation mechanisms
laboratories and measurement of salt flovsitn. Dislocation creep and grain boundary dissolt
precipitation processes, such as solupogipitation creep and dynamic recrystallisation, pl
significant role. The switch between these processes can cause major changes in rheolog
scales both relevant to geologic evolution and subsurface operations. New methods of micr
andysis based on microstructure decoration, orientation analysis and trace element geoc
combinedwith paleorheology indicatotsased on structures observed in natural laboratories all
integration of these data and the development of a unifiedel for salt creep and predictior
regions where high fluid pressures lead to a dramatic increases in permeability, strongly
sealing capacity.

Many evaporite deposits contain britdectile claystone, carbonate and/ or anhydrite layerose
in salt. Although these stringers can be reservoirs for hydrocarbons and can pose serious (
challenges, little is known about the early evolution and deformation history of these lay
seismic study of these, combined with well data aace analysis of diagenetic evolution sh
highly complex structures caused by both brittle and ductile deformation, in good agreem
observations in salt mines, and form the basis of a new generation of mechanical models to i
the complexcoupling between the internal deformation of the salt and the evolution
surrounding sediments.
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ROLE OF MULTILAYERED SALT IN GRAVITY -DRIVEN COLLAPSE
OF THICK SALT SHEETS
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Gravity tectonis involving a thick underlying salt layer is common alotmntinentalmargin basir
and commonlyresults in spectacular coupled belts of ppektensional and downdip contractic
deformation. Unfortunately, strain within the deformed salt layénvariably so extreme that it
impossible to restore the highly deformed basins back to their original configutadimne
deformation. Ths little is known about theristine shape ofhe thick salt layemland its intern.
strainsduring early stages of gravitational collapse the salt shears to allow the overburde
translate seawardror example, what ighe initial flow regime in the sd&tls strain diffuse
throughout the full thickness of salt, or does it occur on discrete internal detachmernia#tilfida
detachmentiominates, is this at the top, base, or somewhere in the middle of the salt layer?

We present here the first direct ebgtions of the state of strain within a deforming salt layer
early stage of gravitdriven deformationin the Levant Basin in the Eastern Mediterranean, v
Late Pliocene tilting and differential loading triggered gravitational collapse ahaingin above a
1.5km-thick multilayered evaporite succession bfessinian(latest Miocenelage. We uséigh
resolution 3D seismic data to map structured quantify straimvithin this salt body in the deepwe
contractional domainThe evaporites wershortened in the Pleistocene, slightly after the li
extension began updiphe visible shortening the salis about5-7% and is expressad competer
intrasalt layers ashrusts and foldshat propagate upwards into the overburden. Shorteninige
overburden is significantly less than that within the salt. Both sets of structures detach withir
but at variable levels. Thegre remarkably compartmiatised at a length scale of a few kilome
by a conjugate array ditrike-slip faults.Within the salt ateast four detachments are recognisi
seismically incoherent layersvhich are most likely haliterich. The structural style is large
internally consistent and argues fosiagle NESW shortening directionLine balancing shows tf
strain is highly partitioned in the vertical dimensjanith a peak valueear the top of thevaporite:
decreasing downwards and upwards frbere The vertical variation of strain within the ¢
multilayer indicates a modified Couette flow profile,daa highly efficient detachment at top ¢
The multilayered mechanical stratigraphy of the salt succession plays a key role in the del
style and in gross strain accumulati@nd specifically in the spatial organisation of the diffe
types ofstructure within the contractional domain.
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