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ABSTRACT

The PIio—PIeistocene hydrocarbon fairway of offshore Louisiana is restricted to the
outer continental shelf and upper continental slope where a thick wedge of nearshore
and deep marine sediments was deposited. Electric logs, péleontologiéal reportS. and
seismic profiles form the basis for (1) dividing the wedge of Plio-Pleistocene strata
into eight genetic sequences, (2) establishing the structural framework, (3) determining
the timing of deformation, and (4) mapping the principal depositional systems of the
West Cameron and western Garden Banks areas during the past five million years.
Sedimentary facies and structural styles in this part of the Gulf Coast basin are
- highly variable owing to contemporaneous séa-lével fluctuations, salt’ migration, and
shifting sites of deltaic, shelf and slope sedimentation. The resulting complex geologic
history of this part of t‘he basin was interpreted to determine what controlled the
generation, migration, and entrapment of hydrocarbons. |

The early Pliocgne was a period of continental platform inundation and deposition
of a thick sﬁccession of marine mudstones. ‘About.3 Ma this monotondus |
accumulation of deep;water mudstone was interrupted by deposition of ‘sand-rich
submarine channels and fans associated with a lowering of sea level. These lowstand
- deposits extended at least 55 mi (90 km) basinward of the paleomargin. O\)erlying
Pleistocene sediments were deposited mainly by prograding mud-rich ﬂuvial-deltajc
systems of rﬁodérate size. These rivers and shelf-edge deltas constructed a broad‘
continental platform that buried the submarine fans and prograded the shelf inargin
approximately 70 mi (110 km) basinward. During this rapid 6utbui|ding. slu‘rﬁping and
other gravity-driven mass tr‘ansport. processes removed sand-rich delta-front sediments

from unstable shelf margins and redeposited them on the continental slope.



Pli"o-P|eistocene reservoirs in the West Cameron and western Garden Banks areas
eontain more than 1.1 billion ‘barrels of oil equivalent in at least 100 different fields or
local accumulations. Most of the fields are located near faults assocrated with late salt
movement . although a few fields are Iocated near shallow salt draplrs Salt is normally
preserved at great depth in thln sheets beneath listric faults or is absent as a resu-ltv
of proldnged evacuation. The fields are' grouped into six exploration plays on the basis
of structural 4style’. reservoir facies, and hydrocarbon comvpositi‘on. ‘The most prolific
play is eharacterized by stacked delta-front‘reservoirs producing frorn broad rollover
anticlines that formed in a graben complex between the Trimosina regional and |
'counter-regional fault systems. Each play primarily‘ produces gas although sorne oil is
produced from fields beneath ‘the contmental slope. New fi eld dlscovenes or reserve
growth are llkely in all six plays as a result of deeper dnlllng or off-structure
exploratron in former mtraslope sub-basins.

‘Keywords: genetic sequence, depositionai system; Gulf Coast, I'iyvd.rocarbens‘. Plio-

Pleistocene, offshore Louisiana

| INTRODUCTION

Regional ‘Setting'

The 'I"exas-Louis‘iana outer continentalb ehelf an‘d' slope comprise the last large

. frontrer for hydrocarbon exploratuon in the northern ‘Gulf of Mexlco By industry
standards this is a relatlvely young productlve trend since actwe drilling in relatlvely
" deep water began only‘ a few decades ago. Before significant -Pho—PIelstocen_e‘ _

~discoveries were made, this frontier province was considered unfavorable for petroleum



éxploration because the sediments are geologically young and thermally immatqre and
were thought to be deficient in sandstone féservoirs. and thus severely limited in their
~ potential to generate and store hydrocarbons.

As exploration of the outer continental shelf matured, the search for significant
Plio-Pleistocene reserves focused on the adjacent continental slope. In this deep-water
play. known as the flexure trend, salt structures and sand-rich turbidites have |
- combined to frap significant accufﬁulations of hydrocarbons. Interest in the deep-water
play has continued to be stimulated by the discovery of substantial oil and gas
reserves on the middle continental slopes of Louisiana and Texas. More recently,
~ frontier exploration leasing has shifted to extremely deep water (more than 8,000 ft,
[2.440 m] deep) as a result of new concepts of salt deformation and new strategies
for exploring beneath the sheets of allochthonous salt. Turbidites of late Neogene or
Quaternary age are the primary exploration targets in this deep-water subsalt plavy.

Reservoir-quality Qands ‘present in the Mississippi fan (Bouma and othérs. 1985)
‘and in a Miocene abyssal plain fan (Stuart and Caughey. 1977) are encouraging
evidence that similar sand-rich furbidites are present upslope of the abyssal plain.
‘Recent drilling in water more than 4,000 ft (1,200 m) deep has conﬁrbmed the
presence of Plio—PIeigtocene sand-rich submarine fans that will extend the search» for
oil and gas farther basinward. Only the extremely high costs of production at these
water depths‘have prevented development of new reserves discovered on the middle
slope.

The regional geologfc setting and general h‘istory of the Plié—Pleistocene_ producing
trend in the western Gulf Coast Basin have been previously descriBéd (Woodbury and

others, 1973; Caughéy. 1975; Poag and Valentine, 1976; Sheffield. 1978). A few



published reports provide details about local st_ructurés,'paleontological 'zone's.
hydrocarbon traps and facies changes (Stude, 1984; Reed and others, 1987: Austin,
1988; Hidle and Wright, 1988).v but no regional maps have beé'n bubliéhed that
emphasizé stréfig‘raphicSequences. sand distribution, and hydrocaAr‘bon' plays in the
Weét Cameron énd western Garden Banks areas.

The briniary pﬁrposes of this studyv are to: (1) describe the structural and
stratigraphic frameworkskof Plio-Pleistocene strata in’southwes>tern offshore Loyisiana. -
(2) determine the dependencies arhohé hydrocarbon resérvoirs. genetic sequences. b‘and
 depositional systemsktractsv. and (3) evaluate the remaining exploration potential of the
region. This was accofnplished by éxtending interbreted cross sections from the
adjacént High Island and East Breaks areas (Morton and Jirik, 1989; Morton and
otﬁers. 1991) into the West Cameron and western Garden Banks areas, mébping the
principal Plio-Pleistocene genetic sequences (figs. 1 and 2) and felated dgpositional
sysféms, iritérpréting their géologi(: histoﬁes, and sumfnarizing the physical attributes

of v"t‘he associated hydrocarbon plays.
Sources of Data
Electric Logs

A principal database for this Study was approximately 270 geophysical logs of
Wells penetrating part or all of the Plio-Pleistocene section. These well -logs Wefe |
correlated to prepafe regional cross sectionél (Pls. 1-3) and.supplementéry subregional
seétions. The 'nétwork_vof. cross sections and a grid_ of regional seismit 'lines was used
to establish the s_tructdral fabric andr stratigraphic ‘framework and to interpret the

'st'yle_s, of intrabasinal deformation. - - S
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Figure 1. Chronostratigraphic and biostratigraphic subdivision of Plio-Pleistocene strata in
the western Gulf Coast Basin. The curve depicting relative changes of coastal onlap.
presented by Beard and others (1982). and systems tracts designations, presented by
Haq and others (1987). are included only for comparison with observed events. They
were not used to map genetic sequences. ‘ ' '
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Figure 2. Schematic cross section of Plio-Pleistocene strata in the West Cameron and
western Garden Banks areas showing the lithologic and biostratigraphic criteria used to
correlate genetic sequences.



Electric log patterns were used to interpret genetic facies and to recénstruct the
lateral extent vand atiributes of the principal depositional systems. The log patterns
were used with-paleoécological information to determine depositional environments
because continuous core samples of representative lithofacies were una{railvable‘for
examination. The electric log patterns represent the entire spectrum of sedimentary

facies deposited in settings ranging from nonmarine to abyssal plain environments.
Paleontology Reports -

Detailed paleontology feports or report sumrﬁaries were obtained for approximately
two-thirds of the wells used for correlation. These reports contain depths of extinction
horizons for common benthic and planktonic foraminifers including some nannofossils.

- The report summaries also contain information about paleoecozones that can be uséd
to infer paleobathymetry. |

Correlation of some electric logs relied on lithostratigraphic markers rather than
biostratigraphic markers because some reported extinction horizons in nearby wells
appear to be out of place. Discrepancies in reported biostratigraphic tops can result
from (1) changes in depositional environments‘oﬁer‘ geologic tin:le (faéies changes cause
updip suppression or dow‘ndip elévation of faunal occurrence). (2) sediment reworking
and fauhal displacement (first downhole occurrence is above the extinction horizon),
(3) section omission (first downhole occurrence is below the extinction horizon because
of erosional unconformlty or faulting). (4) differences in sample quality and processmg
and differences in well sample mterpretatlon by individual paleontologists For purposes
of regional mapping, these discrepancies are accommodated by using the most

consistent biostratigraphic position reported for wells in the area.



In this studi(, the Angv ulogerina B (Ang B) horizon (figs. 1.and 2) is the Ieast.
relia'blefbiostratigra_phic correlation markerb for two reasons. First, the Ang B fauna
appears pro‘gressiveliy higher (climbs) in the seCtion in updip wells. Locally the
dlachronous extinction may be envrronmentally controlled or it may be a result of
uplift, erosion, and redeposition of the Ang B fauna The A_g B ‘marker is also
difficult to use because the fauna is absent in downdrp posmons The fauna is
probably absent basinward of its paleo-shelf margm because the deep—water
envuronment prevented habitation by the benthic foram

Minor correlation ‘problems occur‘Where the extinction horizon of the planktonic
foram Globorotalia miocenica (Glob m) is sligh_tly below or above that of the benthic
 foram Lenticulina 1 (Lent 1). Beca’use the benthic and planktonic forams are used as
time equivalents, ‘the slightly younger Glob m pic‘k requires a slight  adjustment of the
mapping horizon. | |

'Biofacies suppression of marker fossils can also Cause minor discrepancies between»
electric log correlations and brostratlgraphrc honzons Blofaaes suppressron occurs
when tlme-equwalent beds deposited in shallow water do not contain the dragnostlc
species. In the southern West Cameron area, the _L_en_t 1 top is suppressed because
transitional brackish-water sandstones occupy the. equivalent stratigraphic position. Glob
miocenica is also missing from the updip sedrments because the planktomc foram did
not live in shallow water that prevarled as the shelf platform slowly subsrded In this
same Updlp area, erosional ~contacts and obvrous onlap are consplcuously absent above
the Lent 1 map honzon suggestlng that the post—Lent 1 sedrments are Iargely |
conformable or relief of merged unconformities is below th_e' limit of seismic resolution.

Some p'aleontologvy reports us‘e a conceptual glacial stage name (Basal ,'Nebrasl_(an)
to represent the condensed section containing the extinction horizon of Globoguadrina

altispira (Glob g) This substitution is supposedly justified because the faunal



extinction coincides with a period of accelerated cooling and eXpansion of continental
- glaciers in- North America. In this report all mapping horizons are identified by
paleontologic names to avoid confusing continental glacial terminology with subsurface

Plio-Pleistocene sequence boundaries.
Seismic Profiles

A grid of recent high-qualify multi-channel seismic lines, which covers more than
1,5‘50 mi (2,100 km) of the study area, was interpretedi using prominenr seismic
reflections. These strong reflections closely correspond to extinction horizons
~ documented on well logs and in paleontology reports. Some of these mapped honzons
also coincide with marine condensed sections as defined by Loutit and others (1988)
and‘ van Wagoner and others (1988). Seismic facies patterns were interpreted usiﬁg
the nomenclature and concepts reported by Sangree and Widmier (1977), Brown and
Fisher (1977). Stuart and Caughey (1977). Sangree and othersA(1978)‘, and Mitchum
(1985). . |

| Well-defined amplitude changes and reflection terminations, such as"onlap.
downlap. and truncation (Mitchum and others, 1977) are rarely observed on seismic
lines used for this‘study.’ The structural overprint arrd shadow zones beneath faults
mask man)rvof the reported unconformable sequence boundaries (Haq and others,
1987) and obscure the details of stratal patterns at those boundaries. These
limitations prevenf mapping of stratigraphic units exclusively' on the basis of seismic
characteristics. - | |

At the depositional (progr'édational) break in slope, or shelf margin (ﬁg.‘ 3);
seismic characteristics change from vanable—amplltude parallel, nearly horizontal
reflections to wavy or convex—upward chnoforms Some changes in reflections are

' expressed as double inflection points seen along dip profiles. These mﬂectlon-pom‘t



couplets may represent gradient changes at the‘ delta-plain/shoreface interface and at
the 'shelf-edge/SIope interface. Other seismic features used to identify shelf margins are
“the number, spacing, and displacement of contemporaneous' faults and intraformational
slumps signifying former unstable lepes

Sersmrc facies patterns provrde some hrghly interpretive criteria for predlctlng
rhthology However, different Ilthologles can produce snmrlar seismic responses. For
example simple genetlc sequences commonly exhlblt a systematic arrangement of five
seismic facies that are products of the prmcrpal regressrve—transgressuve events. In
coastal and shelf areas. (1) variable-amplitude, parallel to wavy. discontinuous
‘reflections pass downward and basinward into (2) h'igh-amplitude. parallel. _continuous
reflections. In‘turn. these reﬂection patterns and (3) low-angle oblique (clinof‘orm) .
reﬂections pass downward and 'b'asinvyard into (4) .variable—amplitude. discontinuous,
»hummocky. and mounded reflections. VThese lowermost retlections are typically ,onlapped
and overlain. by (5) F-_thin. high-amplitude, parallel drapes. This idealized seismic facies
architecture corresponds to a progradatronal upward-coarsening sequence of muddy '
outer shelf and upper slope slump deposrts (seismic facnes 4) overlam by interbedded
muddy and sandy prodelta sedlments (selsmlc facies 3) which, in turn. are overlain .by :
- sandy nearshore deposrts (sersmrc facies 2) and interbedded sandy and muddy fluvial
and coastal—plaln deposrts (seismic facies 1). After abandonment the distal
progradational wedge is onlapped by hemlpelaglc mud drapes (selsmrc facres 5)
conformmg to the abandonment surface.

Seismic expressions of deep-Water deposits are some\nrhat different from those of
the shallow water deposrts Upward—coarsemng mtraslope basin deposrts are
charactenzed by a ‘basal, acoustlcally transparent zone overlain by parallel

dlscontmuous-reflectrons and an upper zone of thin, parallel ‘continuous reﬂections.

10



This sequence represents coarse turbidites (sand and mud) voverlain by widespread
continuous drapes of pelagic and hemipelagic mud (Bouma, 1982).

The thickness 01"- seismic sequences may help differentiate the types of deposits.
For example, individual parasequences of intraslope basin fill typically are much thinner
(<0.25 sec two-way travel time) than progradational wedges (0.5 to 1.0 sec two-way

travel time) that constitute entire genetic sequences.
Climatic and Eustatic Fluctuations

During the Plio-Pleistocene Epoch. global temperatures fluctuated in reéponse to
changes in solar radiation that were driven by oscillations of the Earth’s orbit (Frakes,
1979). Warmer temperatures melted con-tinent‘al ice sheets and raised sea level,
whereas cooler temperaturés had the opposité effect on the hydrosphere. At least eight
“major eustatic cycles have affected rates of sedimentation and loci of deposition in the
northern Gulf of Mexico during the past 3.0 Ma (Beard and. others, 1982).

Two episodes of intense glaciation permit correlation of continental glacial deposits
with the deep marine r,ecord.- The first significant glacial period was produced by
- pronounced cooling abouf 3.0 Ma when extensive glaciers formed in northern latitudes.
Temperatures were coldest and sea level was lowest during this cooling trend about
24 Ma (Beard and others. 1982). The second episode of intense glaciation was
caused by decreased temperatures about 1.6 Ma that initiated preceded a period of

rapid temperature fluctuations and frequent shifts in coastal onlap (fig. 1)
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Pliocene-Pleistocene Boundary

There is still disagreernent r.e‘g_arding the age and biostratigraphic position of the
» Pliocene-Pleistocene beundary in the Gulf Coast Basin because different criteria can be
‘used to define the boundary. Ages commonly given 'for"‘ the boundary include: (1) 2.8
Ma 'corresponding with a major climatic changer especially in the nortnern hemisphere
(Beard and others, 1982). (2) 2.2 Ma coinciding with the extinction o.fv Lenticulina 1
(Stude. 1984), (3) 1.85 Ma (Haq and others. 1987) to 1.75 Ma (Poag and Valentine,
| 1976) corresponding to the extinction of Discoaster brouvyeri. and (4) 1.66 Ma
(Palmer, 1v983)’>'relying on radiometric correllation .with the ltalian type section.
Although it was not used as a mappmg datum in thls study the Phocene—
Pleistocene boundary is placed at ‘about 1.75 Ma (f'g 1). This age and stratlgraphlc |
posrtlon are defined on the basis of nannofossils in cores and well cuttings from the

deep Gulf of Mexico and are _accepted by most _Gulf_'Coast stratigraphers.
STRUCTURAL FRAMEWO'RK

- The Gulf Coast ‘Basin formed by thermal relaxation and downwarpmg of oceanic _ '
crust ‘after. Mesozoic rifting of the Gulf of Mexico. The Pho—Plerstocene depocenter lies
'near the transitional boundary that separates basin-centered oceanic crust from rifted
transitional crust underlying the '-snelf (Buffler and Sawyer, 1985). Beneath tne duter
sheif and slope, salt of'variable‘ thickness’.overlies presalt sediment and oceanic crust
: (Hall and others. 11983). Selsmlc prof les from the deep Gulf show that allochthonous
salt sheets are bemg extruded over younger sediments near the Sigsbee Escarpment

(Amery, 1969; Buffler and others, 1978: Watkins and others, 1978; Martin, 1980) and |
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beneath the upper slope. Basinward flow and intrusion of salt are thought to be
caused by .Iéteral loads exerted by the upslope sediment pri'sm as well as the |
evolutionary history of thick salt depbsits as they are deformed frOrn salt sheet; into
walls, diapirs, and back into _extensfve salt sheets (Jackson and -Talbot, 1986).

Secondary structural features within the basin fill were‘ formed nrincipally by
gravity-driven tectonisrn. Most of the features occur near the paleoshelf margins and
were created by tensnonal stresses and moblhzatlon of salt and deep-water shale The
dominant features are large growth faults, salt diapirs, withdrawal basins, and local
unconformities (figs. 4-9). Structures observed on seismic profiles are entirely within
the sediment column and are above the basement'; howeyer, the mobile .salt locally
serves as a detachment surface (ﬁgs. 5-9). Salt deformation can be grouped ‘into‘three
broad zones, a shallow northern zone, a deep intermediate zone, and a ‘shralllow |
southern zone. Thick successions of middle and Upper Miocene slope mudstones overvlie»
salt in the northern pért of the study area. These Miocene sediments progressively
thin basinward réﬂ‘ecting tne near surface pos_itivo,n of salt beneath the -I:atefbMiocene
slope. | |

Most of the reglonally extensive growth faults are aligned northeast-southwest
(f ig. 4). Less common ahgnments of fault traces are northwest-southeast and east-
west. These alignments indicate that the nrincipal‘ direction of extension was to the
south. The acute intersection of fault sets and variable orientations are related to local
stress fields assocuated w:th ‘the complex mterplay of shelf margm deposmon and salt
mobilization. Some fault segments are oriented at high angles_to the pr_lmary faults.
They are known as cross fauité or oblique transfer faults (Gibbs. 1984) because théy'

accommodate 'different magnitudes of extension along the master fault.
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In ’relatively old Basins with variable subsidence -histories, renéwed movehént
aléng basement faults inay affect the positiqn and orientation of younger'structures
(Harding and Lowell, 1979); Primary alignments of structural features in the Plio-.
Pleistocene depocenter coincide remarkably well with orientations of an outer basement
high ,andeelated transform fault bsystems proposed by Hall and others (1983). C_Iose ’
alignmént of basement f_eatuies (Pilger and .Angelich. 1984) with rel.atively young
syndepositional structures suggests that plate movement may continue to exert a
strong iﬁﬂuence on regional stress patterns. If shallow structures are partly related‘to
crustal deformation, then the fracture patterns within the basement may be propagated
into the sedim_ént column by periodic minof adjustments along megashears and other

zones of crustal weakness.

‘ Principal Structural Features
Extensional Faults

- 'M:;Jjor growth faults disrupting Pli&Pleistocene strata form three clasées: (1)
.regionally extensive'expansibn faults that roughly parallel thé contemporaneous and
former shelf margins, (2) subparallel counter-regional faults fhat correspbnd to and
form basinward of the preceding cl.vass of faults but have the opposite _displacement.
and (3) highly arcuate_'faults.(col-lapse fauli_:s) that circumscribe wellvdeﬁned salt-
withdrawal basins. fhe term counter-regional fault is used because some up-to-the-
basin faults are not antithetic to. majof syntﬁetic faults: furthermore, most ahtifhetic
faults are secondary features that only cause minor stratigraphic dlsplacement (f' igs. 5-
'9). Reactivation of older faults and several stages of faultmg are common owmg to

the episodic movement of salt and migrating sites of diapirism.
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-Contemporaﬁeous growth faults form where the shelf margin is cohveX-upward
and laterally unconfined in a basinward direction. The over-‘steepevned profile and low
sedimentstrength _creéte slopeb instabilities that promote detachment and downward
rotation of large fault blocks. Slope failures range in scale from small rotatibnal slump
blocks and slides within a single, relatively thin depos‘itio,nal sequence to extremely'
Iarge translation and rotation along regional growth faults. The middle slope, which
has a concave-upward surface', may bé composéd of highly faulted or relatively
unfaulted strata depending on the cohesiveness and stress state of the underlying
Beds. Theories explaining the mechanics of faulting. the geometries of growth faults,
and their dependency on the competency of beds and rates of vdepositiovn were
presented by Bruce (1973), Dailly (1976), and Crans and others (1980). |

In map view, most fault traces are subparallel. semi-continuous, and have down-
to-the-basin displacements (fig. 4) that cause abrupt increases in stratigraphic
thickness. Some up«to-the-‘basin faults are small. graben;.fofming antithetié (stréss .
relief) faults that términate a'gainst the basinward side of the primary fault. Because
of their small displacement, these ant_ithetic faults are not shovxlm. on fig. 4. Counter-
regional faults having large displacements common'ly occur along the basinward»v margin
of withdrawal synclines. | |

Three zones of counter—regionél faults (fig. 4) mark major boundaries of salt
mobilization. The oldest (Buliminella 1‘and Globoguadrina alfisgira) counter;régional
faults occur basinward of the upper Miocene shelf margin near the updip limit of
shallow salt diapirs;. Togefher the shallow salt diapirs and counter-regional faults mark
the transition between deforméd shaie structures to the north and deformed salt
structures to the south. The second zone of counter-regional faults 6céurs near the.
M_ A shelf margin. This fault zone also coincides: with the'trénsitibn between

isolated salt diapirs of moderate size beneath the modern shelf and larger, more
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_ continuous salt massifs beneath the slope. This fault zone contains the counter-
regional fault s’ystem that is most continuous and has the - greatest displacement.. It is
~a product of simul_taneous salt withdrawal and diapir‘growth. This fault syStem
formed along the Angulogerina B-Hyalinea balthica bup‘per slope durin'g and after

deposrtron of the Trlmosma A (Trlm A) sediments (fg 4). lmtlally high- angle fault

planes have been rotated to a low angle as a result of extension and salt
reorganization The third zone of counter-regional faults is located on ‘the slope. The
faults occur above nearly continuous salt massifs arrd reflect relative_ly recent salt
mobilization inﬂuencing post-Trim A /sediments These faults intersect the seafloor and
create escarpments having local rellef of as much as 1000 ft (300 m).

Collapse faults tend to be local or subregnonal in their extent. They arehyounger
toward the margin of the wrthdrawal syncline because support is progressively removed
away from the syncline axis as salt is evacuated. This process can cause massive
~ sediment failure around the margins of the withdrawal syncline and abrupt local

thickening of sediment within the syncline.
Shale and Salt Diapirs

Basinward displacement 'of‘strata is initiated in the zone of extension and
transferred downslope along glide planes comcrdmg wrth intrastratal d|scont|numes such
as unconformities and bedding surfaces. Accordmg to deformatlon theory extensron
near the shelf margm and translatlon across the upper slope (gravrty gliding) must be
balanced by compression farther down the slope. Along most active shelf margms
compression occurs on the middle to lower slope where shaleridges and small thrust

- faults originate. Compressional stresses extrude undercompacted, overpressured slope
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deposits creating diapiric shale masses that, ‘in turn, cause uplift and faulting of
younger strata. | |

Large, incipient salt structures compose the greatest volume of sediment beneaih
the slope. The shapes, isolation, and vertical growth of these structures are best
explainéd by differences in external aﬁd'inte’rnal pressure around the salt mass and
variability of shear strength of the vsurrounding céuntry rock. These physical ‘difference‘s i
result from the complex interaction of sediment loading, regiona' extension, and salt
_ movement. Salt domé‘s beneath the slope 't_ypically. penetrate to shallower 'depths than
those beriéath _the shelf because the thin slope overburden composed of- water-
~ saturated mud has low shear‘ stfength. These conditions favor vertical dome growth.
Deep-rooted piercemerit domes probably were mbbilized as a result of Paléogene shelf
margin progradation that loaded the thick salt Wédge causing basinward flow and
constructing linear ridges ahd broad pillbWs. These incipient salt structures
B subsequently were remobilized to form small discontinuous spines (Martin, 1980) that
pierce and uplift the Qpper Miocene sedimehts but cause on.lyb minor sediment
deformation around the domes.

The top of salt is recl:ogni-z,ed by brbad. irregular, high-amplitude reflectiohs or a
change from coherent to incoherent reflections. The base of salt is uncertain becauée
of the great depth (> 4.5 sec) and lack of seismic processing designed specifically to |
detect the base of salt or: subsalt reﬂe;tions.

Salt domes are .ihe most common diapiric structure affecting vPlio-'PI‘eistocene
strata. The spacing, size. and sh:;pe of:the'se intrusive salt bodies chénges ina
basinWard, direction. Heights of intrusions with fesbect to the seafloor progressively
increase basinward whereas absolute héights appear to increase and decrease in

alternéting bands. These broad paleoanticlines of salt are similar to those currently
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intruding thebdistal apron of the Mississippi fan (Watkiné and others, 1978). Beneath
the modern slope of the western Garden Banks area (figs. 4 and 9). gradual and
nearly continuous rebrganization of salt is indiéated by the general absence of faults
between some salt structures. |

Domes located on the updip flank or landward of the Plio-Pleistocene depocenter
are narrow, nearly circular spines that are widely spaced, suggesting a mature stage of
dome evolution.(Woodbury and others, 1973). Rim synclines around some of these
remnant diapirs indicate that necking, an internal salt reorganization mechanism, |
allowed the spines to maintain their shallow elvevation as the sediment column
aggraded. At the other extreme are _aIkichthonous salt sheets on the lower slope, also
referred to by various wo'rkeré as salt sills, tongues, or wedges, that serve as the
source for incipient dome growth. An}i intermediate stage of salt évolUtion is
represented on the upper slope by large, nearly continuous.massifs, which are
separated by sediment filled sub-basins (fig. 9).

Shallow salt diapirs are absent- throughout mvost of the West Cameron area (figs.
4-8). Residual salt mostly fo.rms. deep, Iow—.ieliei structurés. Thin salt sills are rare and
occur at intermediate depths near the Higii Island-West Cameron boundary and near
the center of the study area. The lack of shallow piercement is indicative of the
mature stage of salt deformation. Large regional faults forni where salt is absent or
thin suggesting' nearly complete extrusion dowhslope and Iéterally into salt'diapirs. The
’dis’continijity .b'etween sediments formerly separated by salt is known as a salt weld
(Jackson and Cramez. 1989). Some rerinants ofu salt or salt welds are preseived ori
the upthrdvim side of large faults near the intersection with the glide plarie. Persistent
sedimentation caused salt vto migrate southward and westward into offshore Texas |

where shallow salt structures are more common (fig. 4).
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Unconformities

Many unconformities within the Plio-Pleistocene strata can be observed on seismic
lines, but they are limited in aréal extent (figs. 5-9). Moreover, they are mostly
related to syndepositional salt movement or slope failu.re‘ and are typically re;tricted to
uplifted areas.

The large sub-regional unconformity in the High Island area described by Morton
and others (1991) extends into thevwesternmost part of the West Cameron area. This
unconformity is a joint product of sediment mobilization and sea-level fluctuations. The
"unconformity” is actually a composite slump surface or submarine pediment. Morton
and others (1988) used the term submarine pediment to describe the broad disturbed
zones of failed shelf margins. These non-deltaic entrenched features are wider than
they are long and they form as a result of retrogressive slope failure and subsequent
submarine erosion. The resultihg embayment in the shelf margin focuses oceanic |
currents that initially excavate some of the slumped matefiél. Some re#idual slump
material is preserved above the detachment surface. Later the deepwater depressiqn is
filled with slope and shelf deposits. Thus, submarine pe.diments do not fit ‘the
standard mo’rp'hological or genetic definition of a 'déep. relatively narrow incised valley-
canyon system formed at the shelf margin by stream entrenchment during a lowering .

of sea level (Morton, in press).

Structural Styles
Structural deformation of Plio-Pleistocene strata in the northern part of the study

area is generally simple (figs. 5-8). The salt is thin and deeply buried and structural

features are widely-spaced faults, broad shale-cored anticlines. and narrow salt diapirs.
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"Most are late Mlocene structures reactrvated as mobrle sedlments reorgamzed in
‘response to sedlment Ioadmg The oldest faults have northwest—southeast onentatlons
that parallel the late Miocene shelf margin. Salt is overlain by a thick section of
middle-upper Miocene and lower Pliocene siobe mudstones. In turn, the updip Plio-
:P‘Ieistocene‘sediments overlie'relatively stable upper Miocene shelf and Slepe ’deposits.
Stable depositional vcdnditi_ohs are indicated by the lack of slumps and other mass -
tr‘ansport features. The'gradual basinward dip and slope Stability sugéest »en : o
lnterdeltalc ramp that was supplied by across-shelf transport of ﬁne—gramed sedrments
Counter-regronal faults havung minor d|splacements and deep salt diapirs are typlcal
structures' just basmward of the upper Mlocene shelf margin (figs. 3-5). Dlsplacement”
of youngest strata across the counter-reglonal faults is evrdence of prolonged and
persrstent salt withdrawal (fig. 5). Farther basinward, fault spacmg and stratlgraphlc
dispIaCement increase ant:l progressively younger strata are deformed and structurally
inverted. These,strlrctural. and stratigraphic relatio\néhi}ps ‘were establishéd as salt Awas,
extruded basinward vaind' the tdp of salt served as a glide-plane surface. ‘7

In the eastern part of the Stur:ly area, 'oldest growth .faults are associated with
' .zones 'Qf structural weakness inherited frorh the late Miocene to_ Glob a continental
slope (figs. 4 and 6). Prolonged extension along the master ‘f'_aul.t (ceriter of ﬁg; 6)
‘created rollover to the north ‘while pronoUnced thinning and truncation of the Ang B
' 'sectlon occurred to the south. Thls exceptlonally long Ilstnc fault (fig. 6) has .
remained actlve since at least Glob a deposmon however, greatest growth and
structural inversion occurred durlng the Glob a to A__g B depositional episodes. The. 'A
fault ongmated on the basinward ﬂank of a salt swell or ridge beneath the middle

Pliocene (Bul 1 to Glob a) slope. The fault was repeatedly activated by deposition of
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sand-rich submarine fans that are vertically stacked and serve as hydrocarbon
reservoirs in East Cémeron Block 299 and West Came.ron‘Block 557 fields. The
principal expansion fault ’displaséd the pre-Glob a section as much as 8 mi (13 km)
basinward (fig. 6). Counter-regional faults that formed on the landward side of the
salt ridge also remained active as salt>vWas evacuated from the ridge.

Structural features near the middle of the study area (fig. 7) are similar to those
illustrated on the previous sections with the exception fhat canterQregional faults of
~ Miocene age did not forrﬁ. The oldest map unit (Rob E to Bul 1) records

progradation of lowstand wedges and shelf-edge deltas over déformed upper Miocene

~ and lower Pliocene deep-water shale. These regressive depositional events were

[[M]

accompanied by progressive basinward faulting in a stairstep pattern near the Glob
paleomargin. Fauiting of slope deposits was relafed to deep salt mobilization that
accompanied rapid deposition and progradation of LLDt. 1 sediments on the formef
slépe. Nearby production in the West Cameron Block 450 field is from outer shelf and
upper slspe sandstones of the Lent 1 interval. The major growth-faults in the mid-dip
position. were most active during Mg B prbgradation.' This family of faults traps
hydrocarbons in Ang B and Hyal b sandstones that produce from fields in West
Cameron Blocks 540, 563, and 587. Farther basinward, salt ‘reorgan_izat‘ion attendént
with Hyal b deposition caused structural inversion of the pre-Ang B section and
stratigraphic convergence within the Hyal b section (fig. 7). Sfratigraphic thinning over
the salt ridge Was accompaniedv by abrupt thickening |n the withdrawal basin where |
salt was evacuated to maintain the elevation of adjacent domes. Evacuation of salt
from the adjacent slope crea'ted..new acéomhodation space that was filled by a thickl
succession of A_Qg B sediments. Contemporaneous progradation of shelf-edge deltas

and deposition of outer shelf and upper slope sandstones and mudstones created large

21



regional aﬁd_ coﬁlnter-régionalffa‘qlts and rollover .with‘in the graben ‘complex. The flank .
of this rollover ‘s'tr_uc,ture serves aé the tfap for gas producgd from _I:lﬂ b sandstones.
in_ the neaArby' West Camefpn Block 630 field (ﬁg 7.

Shallow piercement salt structures are most common in- the northern and wésterﬁ
parts of the study area (figs. 4 and 8).. Most.vof‘ the shallow diapirs are narrow sbin‘es
that have remained active as salt continued to migraté into the sﬁinés. Faults created
by extension withih_ the peripheiél w{ithdrawal syncline typically have minor =
’diSpIacéments and stépped growing" after Ang B depbsition. The higfwest concentration
v‘df‘ hydrocarbons is associated with nume'rqus closely-spaced growth-faults that intersect
the undulating surface of a salt platform (ﬁg. 8). No single fault has dominated |
probably because the area was not the s-i'te of a major depoaxis. The top of salt,
which was n‘e_ar the seafloor during Bul 1 and Glob g deposi-tion,‘ g'rad.ually sub;ided
and only minor volumes of salt migrated into nearby structures. Consequently.
basinWard extensibn of the strata was also gradual. Basinward of thé residual salt
platform, growth faults disrupt thé stratél continuity and form hydrocarbon traps in
nearby West Cameron Block 612 and 7633 fields (not shown. on cross section). These
youhg structures are cdn_ﬁected with ‘the Trimosina regional and couvnter-iegiclmal faults
and intervening withdrawal syncline (fig. ‘8). Growth oh the faults and adjacent salt
structures‘pc‘curred mainly in 'requnse to post Bu_rnA deposition. Unlike their
‘counterparts to the east, these faults cause only limited displacement of the oldest
' (pre-Le_nf 1) strata.
| Large. irregulér steep-walled_salt stocks s_urrouhded by faults are characteristic
structures benéath the slope in the northern Garden Bahks area (fig. 9). The faﬁlts'
are commonfy ,conéentrated near the stock although some faults occur within the

~ adjacent withdrawal basins. In general, salt structure spacing, amplitude, and depth all
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decrease basinward (fig. 9). Also, strata onlapping and overlying salt are younger
basinward. The salt morphologies and stratal Vrélationships are all evidence of
progressively younger phases of salt deformation toward the center of the basin. Most
‘of these faults and salt stocks have undergone late movement and some structural

features are expressed by substantial relief on the seafloor.
Timing of Structural Movement

Five stfuctural subregions are identified on the basis of ages of principal
deformation (fig. 4). Inferred boundaries of the subregions parallellvthe northeast-
southwest structural grain. vAs expected, ages of the structural features progressively
decrease basinward, reflecﬁng systematic outbuilding of the continental platform and
attendant defdrmation ‘near the contemporaneoué shelf margin. The oldest structures
are associated with the upper Miocene to Glob a shelf margins, whereas the youngest
structures are rel_ated to Trim A and post-Trim A shelf margins. Exceptions to“this
systematic order of deformation are caused by reactivation of older faults and domes
as well as creation of younger stress fields in older sediments.

Many of the faults and domes have had long, relatively continuous growtﬁ
“histories whereas some structures experienced moderately long periods of dormancy
between periods of movement. Refaulted faults and faults folded or pierced by salt are
preferentially located along the Bul 1 and Ang B expansion fault zones (figs. 4 and
6). The Bul 1 faults were mostly reactivated and penetrated during Lent 1 time
whereas Hyal b salt movement was responsible for fault deformation along the Ang B
~trend. Few of the refaulted faults trap hydrocarbons probably because potential seals

were disrupted. and hydrocarbons, if present, leaked to the surface.
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DEPOSITIONAL SYSTEMS, SYSTEMS TRACTS, AND GENETIC
SEQUENCES o

Depositional Systems

Depositional sYstems are three-dimensional assemblages of genefically related

| sediméntary facies (Fisher and McGowen, 1967). Théy include the deposits of comrﬁon
coastal plaiﬁ and nearshore environments such as rivers, delfas. and barrier- |
strandplains as well as deepér.watef envfro’nments ‘such as.shelves_, slqpes, and
abysSal plains. 'Most of these ¢lastic depositional sys:tems were ‘present‘ along thé
western Louisiana continental margiﬁ at some time dufing the Plid—Pléistocene with
the.exceptiori of"sand-r:ich barrier-étrandplains. The rapid, high amplitude ﬂuctﬁat_ions

- in sea -Iével prevented extensive rewOrkihg of nearshore facies and 'thi's precluded fhe

| preservation of thicki‘barr.ier-st_randplain deposits (Morton ‘and‘ Galloway. in pfess). This
report émphasizes the shelf-edge delta systems and slope systenis bec'auéye' they wére
the princibayl loci of sand depoéition throughout the Plio-Pleistocene -and their shi_ftirig

.poSi'tions ultimately controlled the distribution of hydrocarbon' reservoirs.
Shelf-edge Delta S'ystems

The shelf-edge delta model (Winker and ‘Edwards, 1983) is Iargel’ly. based on laté

- Pleistocene and modern delta systems of the nbrthWestern Gulf of Mexico. Both high
r‘esolution. sparkér and CDP seismic- proﬁlés display late Plefstoceﬁe depositional
sequences, es‘pecially‘the‘ Wisconsinan shelf-edgé deltas théf prograded ontq»the slopev-

and filled intraslope basins (Lehner. 1969: Suter and Berryhill, 1985; Berryhill, 1987).
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These constructional events occurred principally during fal_ling stages of eustatic sea
level and subsequent lowstands. |

The modern highstand ‘MiSsiSsippi shelf-edge delta has.beenbexamined in detail by
Coleman and others (1983). They described the Surﬁcial lahdslides, large-scale slumps,
and other deformation features that form as a result of bgravitatiohal instability along
the oversteepened delta front. Other surficial features irrclude carbonate reefs that grow |
on topographic highs in response to recent movement of shallow piercement salt
domes. | |

‘High' sed.imenta.tio_n' rates.and steep slopes associated ‘with. sh.elf-edge deltas create
slope instabilities. The rapidly deposit’ed‘ sediments contain abnormally ‘high water
volumes and biogenic gases. These fluids create hlgh pore pressures and decrease
sediment shear strength that together may cause slope failure. Slope’ mstabrlity occurs
at three different scales. Small-scale surface‘creep. slumps, and gullies are below the
re‘solution of conventionel, seismic profiles. These features, which ere tene of feet thick,
are contained within the clinoform facies and contri.bute to progradation of the shelf
margin (Coleman. and others, 1983). An intermediate scale of sediment deformation
" involves large slope failure whereby blocks of sediment slide downslope and bedding is
either preserved or dlstorted This type of mtraformatlonal slumprng encompasses a
few hundred feet of sedrment and occurs above a detachment surface that merges
with bedding planes downslope. The largest scale‘ of deformation includes deep-seated
‘normal faults that grew in resbonse to sediment loading at the shelf ‘margin. These
faults have throws of several hundred to a thousand feet and basinward displaeements ,

as great as several miles.
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At the scale approprlate for basm analysis, the shelf-edge delta model is typlﬁed
by thousands of feet of sedlments large-scale growth faults, preferential preservatlon
of outer shelf an‘d upperv slope deposits, and an 'overall ’upward-coarsenlng log pattern
representing relatively systematic basinward proé_radation.' The positions' of shelf-edge |
deltas are controlled by sediment supply and they can be either hlghstand or lowstand
'features Thus they are not always synonymous with the shelf-margin systems tracts

of Posamentler and others (1988).. which are lowstand features.»
Slope Systems

'l:'he.second primary depositional model 'used to interbret »F.’lio-Pleistocene strata
represents an aggradational_slop‘e system:thatbhas been greatly modified by
syndepositional deformation. The c0nternp0raneous tectonic inﬂuence Creates actiye
faults, salt\diapirs, and withdrawal basins that control-A the patterns of deposition by
forrning breferred pathyvays bf sediment transport within the topographic lows. An
v»approximate depositional model for an aggrading‘ ‘slope system can be constructed by
~.examining sedimentary cha’racter'i'stics of the Mississippi ,fan complex’and those of the
late Qua‘ternary'intraslope basins-rofv the northern Gulf of .Mexi‘co.v |

Deposition of deep-water sediments and'theirvrelat.io‘nshi__p to .glac_io—eustat'rc eycles'
remains controversial. At least three different process-reSpOnse_ models have been
proposed to explain depbsitfon of submarine fans on 'slopes of passive .continental
‘margins'. Each of these submarine fan models can be supported by seisrnic 'evidence'
from the western Gulf Coast Basin and each is probably responsrble for some

deposrtlon of Pho—PIelstocene deep—water sedlments

26



The most widely publicized slope system model explains deep-sea fan deposition
as a result of river entrenchment near the shelf margin (Haq and others, 1987,
Posamentier- and others, 1988). The coarse clastics composing the fans are eroded
from or by-passed across the shelf during falling sea level and lowstand phases of a
eustatic cycle (Mitchum and otheré. 1977). An alternative glacio-eustatic explanation is
that submarine fans are deposited by sediment sIurhped from the shelf margin during
an ini‘tial rapid rise in sea level. The kéy to this depositional model is the high-volume
discha“rge of dense glacial meltWaters tha‘t cause dramatic increaées in coarse clastics
transported by the principal rivers (Perlmutter, 1985; S_teffens;. 19‘86). A third model
describes canyon formation -and submarine fan deposition during fising sea level and
highstand conditibns when the interdeltaic or non-deltaic shelf margin is starved
(Brown and Fisher, 1977). Canyons can be initiated and grow during rising phases
and highstands in sea level by retrogressive failure and) associated slumping of the
shelf margin (Coleman and others, 1983). Initial canyon excavation is augmented by
focusing of marine currehts that become density curreﬁts as they flow down the
canyon axis (Far.rev and others, 1983).

Mud-rich submarine fans of the western Gulf Coast Basin are typically elongate
sediment lenses haVing their longest axes parallel to paIeosI’ope.’ These submarine fans
are supplied by canyons cut into the shelf margin that act as point sources. Principal
elements of the submarine fan model are the canyon. upper fan, middle fan. and lower
fan (Bouma and others, 1985). Most canyons form near the shelf-slope breék and
retreat landward as av result of headward erosion. downcutting. and slumping along the -
canyon walls. Locations of fan lobes are controlled.by position of the canyon and by

relief of the seafloor including topographic highs formed by older fans.
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Characteristics of upper fans in‘clu‘de a large channel and Ievee system fhat funnei
sediment ‘downslo.p'e. Channel-levee systems located at the apex of each fan are deep
enough to confine deposition of coarse clastics, but shallow eno‘ug h o) thet the epper :
part of the turbidity flow containing ﬁnégrained suspended sediments is‘uneon‘ﬁned.
MAiddle fan’s; which constitute the thickeét perts of fens.v afe aggradational features
| composed of channel, levee, and overb‘ank deposits. Much of the lower fan is
deposited by unconfined flow discharged by shallow distributary channels that bi_furcate
and become indistinct near the fah terminus. Aggradatienal Iower-fan deposits are
crossed by several abandoned channels, but normally only one channel was active at
‘any g‘ivenu‘ time. Lower fan deposits may contaih as much as 50 percent ‘sand
preserved as thin turbidite beds. They are generally devoid of planktdnic forams, and
~ benthic forams are.cormmonly_ resedimented shallow-water species originally deposited
on the inner or middle shelf (Woodbury and others, 1978). |

Concepts of fan mbrphology. facies ‘architecture, and slope brocesses derived from
the Mississippi fan complex (Bouma and others, 1985) are extremely valuable for |
understanding’Plid-l"leist'ocene 'slope deposits: however, their applic‘at'io;) to the
Louisiana shelf and upper slope |s somewhat Iimited. For exarﬁple, the best
documented middle and lower parts of the Mississippi fan are so large andhth‘eirb
depositsv,so thick that the fan is not greatly influenced by diapirs. In contrast, . -

Pliocene turbidites in south\_'fjvesterh offshore Louisiana.'depesited as sfhall submarine
fans or in intraslope basins, were directly contfolled by the surficial ‘expression of
diapirs on “the contemporaneous upper slope. These Pliocene turbidites wefe deposited
| in a series of small." lowstand wedges that coalesced to form ‘bread sandy aprons
parallel to thek shelf edge. Only a few narrov). Iowéta‘rid subma»rinfe.fans prograded

down slope onto the basin floor. Furthermore, the coarsest Pliocene submarine channel
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and fan deposits are composed of fine to very fine sand rather than coarse sand and
gravel as reported for the youngest channel system of the Mississippi fan (Bouma and
others, 1985). -

Intraslope basins are another important component of the depOsiﬁonaI model for‘
Plio-Pleistocene slope deposits. Bouma (1982) recognized three classés‘of ‘intraslope
basins that he described‘as (1) blocked subma_rine canyons, (2) ‘clos'ed interdomal
depressions, and (3) small collapse basins over structural crests. These local collapse
structures over domes are common salt-dissolution features, but they are not
significant for‘pu'rpo‘ses of regional mapping.

Turbidity currents capable of transporting coarse clastics great distances down the
slope ére generally oriented nearly normal to the shelf edge. This is because the flow
is gravity induced and this orientation produces the steepest downslope gradient.
Diapirs protruding into the water column can create orographic effects that accelerate
and deflect the flow causing locally diverse flow directions and increasing capacities of
currents transporting coarse detri‘tuS through intraslope ba;ins.

In the northwestern Gulf of Mexico near the outer shelf. bottom currents that are
not turbidity currehts generally  flow to the northeast in response to wind forcing
(Cochrane and Kélly.- 1986) ‘ar‘ld occasional intrusion of the qup current (Minerals
Management Service, 1986); It is likely that flow directions were similar during the
Plio-Pleistocene, considering the configuration of the Gulf of Mexico. Time-averaged
velocities of near-bottom currents are low, but maximum instantaneous velocities can
be as high as 2 ft/sec in water depths of 200 to 300 ft (Rezak and others, 1985).
Excebt during storms, these prevailing non-turbidity bottofn currents are relatively

‘weak and are capablé of transporting only fine-grained suspended sediments.
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Depositional Systems Tracts

Depositional systems tracts were originally defined as contempbraneous
depositional systems that are genetically linked (Brown and Fisher, 1977). Recently the
concept of Systems tracts has been applied to erosional and depositional process-
related facies associated with lowstand, transgressive, and highstvand phases of a
eustatic sea-level cycle (Haq and others, 1987; Posamentier and otheré. .1988).
According to the eustatic model., when the rate of fall in sea level is greater than the
rate of subsidence at the shoreline break, the shelf is at least partly exposed and
rivers incise valleys. This 6c‘curs in response to‘ lowered base level and increased
stream gradients. Large volumes of potentially coarse sedimenf eroded from the shelf
are ideposited on the slope and basin floor forming,lowstvar.ld submarine fans (lowstand
systems tract). As the rate of sea;level fall declines, channels aggrade and trap'the
coarse;grained sediments so that only fine-grained deposits reach the upper slope and
fill the topographic lows created by the slump deposits. When relative sea level
: .graduall"y begins vto rise, deposition is Iérgely' confined to shélf-margin deltas and
younger submarine fans (lowstand progradatiénall wedges) deposited between the shelf
edge and the basin-floor (lowstand) submari'ﬁe fan. Consequently, basin-floor fan
| construction slows and turBidites- are genefally confined to the chavnnel axes (Kastens |
and Shor, _1985). Tc;gether the basin-floor fan an.d lowstand progradational wedge
principally aggrade the slope. If sediment supply is adequate and thé lowstand 'phasé
is sufficienﬂy long, the lowstand vwedge may ‘prograde over the fan-deposits in |
reSpdnse to. maximum regression. | \

In contrast to deposition dufing a rapid fall.and iowstan’d of relative sea level, a
‘rise in sea level éausés an abrupt landward shift in d'epositio_n' (transgr_éssive'syétems

tract). Coarse sediments are trapped near the shoreline creating sediment starvation on .
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the shelf and slope and deposition of a marine condensed section. In deep water, only
hemipelagic and pelagic mud is deposiféd as drapes over the fan surfaces. During the
final stages of rising sea level and highstand (highstand systems tract), large delta
systems prograde toward the shelf edge over the transgressive deposits while mud
contihues‘to accumulate on the slope. The highstand systems tracts are 'primarily. ,
responsible for progradation of the shelf margin.

As currently used, sea level systems tracts do not connote the types of
depositional systems that were active when a particular s,tlfat»iAgr‘aphic sequence formed.
They merely ‘conncl)te the inferred pHase of a sea level cycle at the tihe of deposition.
In this report, terms d‘esAcr‘ibbing both depbsitional systems and systems tracts are used
because (1) interpretation of PIio—PIeistocené strata in the céntext of eustatic cycles is
app.ropriate. and (2) inclusion of both sets of descriptors conveys more information
than either does alone.

In general there is good agreement between the coastal onlap curve of Beard and
others (1982) and Haq and others (1987) and observed depositional cycles associated
with the pfincipal Plio-Pleistocene fluvial-deltaic systems (fig. 1). Minor differences
betweeh predicted and observed coastal onlap relationships are observed as local shelf-
margin failure ahd gravity resedimentation that has the appearance of lowstand
deposits, but are not shown on the Exxon sea-level curve (Haq and others, 1987).
Other discrepancies are related to continuous cha‘rt revisions and the repeated inclusion
of more fluctuations in the eustatic curve. bMajor discrepancies between observed and
predicted stratal relationships. are the thick Criétillaria S (Iowgr Ang B) and Hyal b
~onlap wedges of slope sedimentS. which according to the ExxonAcurve were both

deposited during rising or highstand phases of sea level rather than during falling

phases of sea level.
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Sequence Boundaries and Offshore Sequences

" For more than f-ouridecades the petroleum industry has succes.sfu.lly. used
extinction horizons and other oaleontological marker Beds for su.bsurface, correlation and |
mapping (Curtis and Picou, 1978). ‘The erctinction horizons commonly coincide with
marine condensed sectionsvand surfaces of maximum flooding, which are dieﬁned by
. vfaunal increases and low-sedimentation rates (van Wagoner and otners ‘1988; Loutit
and others, 1988) These regionally correlative flooding surfaces form the basis for
subdividing rocks into quasr-chronostratrgraphrc units known as deposrtronal complexes '

(Frazrer, 1974) or genetlc sequences ‘(Galloway, 1989). Genetic sequences are bounded

by ﬂooding surfaces (transgressive systems tracts)v that are products of relative rises
in sea leve_i (Gallow‘ay. 1989) In contrast, s‘tratigr‘ag'hic' sequences are boun‘ded by
unconforrnities and 'the\ir corvrela‘tive' conformities (lowstand systems tracts) tbhat are
produced by falls in sea level (Vail and others, 1977) Thus boundanes dividing
genetic sequences -and those drwdmg stratrgraphlc sequences are out of phase wrth
respect to eustatic sea level cycles. | n |

AIn. thisv study‘. the post-Miocene section is divided into eight genetic sequences
using biostratigraphic 'm'arkers and tneir as’sociated transgressive marine shales as
sequence boundanes (fi gs 1 and 2). The oldest genetic sequence encompasses lower _
to middle Phocene strata (Robulus E to Bulimmella 1) representmg a period of about
1.5 Ma when muddy shelf and slope sediments slowly accumulated near the
-continental margin. The remaining'seven sequences repreSent variable periods oi time
-that generally decrease in duration with decreasing age (fig. 1). Buliminella 1 (Bul 1)
to‘GIoboguadrina altispira (Qo_lg a) lasted about 900.000_ yrs: Q@"-g to Lenticulina 1
~ (Lent 1) lavsted‘ about 600,000 yrs: Lent 1 to Angulogerina B(A_ng B) lasted about

| 700,000 yrs, A B to Hyahne balthica (Hyal b) lasted about 500.000 yrs. Hyal b to
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Trimosina A (Trim A) lasted about 350,000 yrs, Trim A to Globorotalia flexuosa

| (Glob flex) lasted about 500,000 yrs, and post-Glob flex (Wisconsinan and Holocene)

lasted about 150,000 yrs.

O‘n_shore Formations

Onshore Plio-Pleistocene sediments composing the lower coastal plain of Louisiana
are preserved as four formations (Williéna. Bentley. Montgomery, and Prairie). These
terrace-forming outcrops have been named, correlated. and subdivided principally using
morphologic criteria such as elevation, slope, degree of dissection, and soil type (Fisk.
1939; Russell, 1940; Fisk and McFarlan, 1955; Bernard and LeBlanc, 1965).
MorphostratigrAaphic analysis of late Quaternary deposits by these and other workers
demonstrates that each formation is wedge-shaped, was deposited during a sea-level
highstand. unconformably overlies and onlaps an older formation, and has a well-
developed pal-e_osol on its upper surface.

Youngest 'Pleistoceﬁe terrace deposits in Louisiana are known as the Prairie
- Formation, which is equivalent to the Beaumont Formation in Texas (Bernard and
LeBlanc, 1965). The Prairie Formation représents fluvial, deltaic, and marginal marine
deposits that retain much of their original depositional morphology. Geomorphic
features commonly observed on aerial photographs include scroll bars, abandoned
channels, and accretion ridges. The Prairie Formation is composed mostly of clay
interbedded with fine-grained sand of variable thickness. Thickest sand deposits are
associated with fluvial channéls of the upper delta plai'n. Prairie Formation mudstones
exposed near the coast contain brackish water fauna typical of estuaries and |

interdistributary bays.
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Some early workers concluded that tectonic deformation in the source area
controlled the »syst.ematic ‘vertical changes in grain size observed in the Plio-Pleistocene
, F‘coastal plain terraces Other’ workers, however, recognized that glacio—eu‘static sea-level
fluctuations were responsrble for the depositional cycles (Flsk 1939; 1944)

Correlation of onshore Plro—PIerstocene formatlons with specific mterglacral stages
has been -largely abandoned because (1) the number of climatic events and
correspondmg relative sea—level cycles greatly exceeds the number of named formatlons
(2) the coastal plam deposrts have not been accurately dated, and (3) the onshore
deposrtronal record is incomplete. The latter condltlon is a result of erosional
trun-cation and coastal onlap that preserves units in the'subsurface tbat are not
represented in outcrop._,

Recently, McFarlan and LeRoy (1988) correlated the coastal- plain outcrop units
‘with thick genetic sequences mapped beneath the Loursrana contlnental shelf Their
work and the work of others show that the outcrop units are mainly minor
| progradatronal and aggradational deposr_ts‘that accumulated durmg} regional
transgressions and maximum highstands of sea revel. whereas rhe\continental margin

sediments were depesited mainly during lowstands of sea level.
PLIO-PLEISTOCENE STRATIGRAPHIC FRAMEWORK

Principvavl depesitional sustems and ‘systems tracts for each of the Plio-Pleistocene
genetrc sequences were mterpreted by mtegratmg aII available geologlcal paleontologrcal
and geophysrcal mformatlon The primary types of data mclude vertrcal patterns of
electric logs. blostratlgraphlc. tops and paleoecological zones.. net and percent sandstone

maps. and seismic profiles. Comparing geologic maps and cross sections- reveals
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sediment transport pathways, which aids in the prediction of lithoiogies in areas of
sparse or no well control. Such a corhperison also explains the differences in
paleogeographic reconstruction: that result from independent mapping of systems tracts
on the basis of seismic facies patterns and well data. Depositional systems maps
constructed primarily on the basis of lithological and paleontological criteria tend to
emphasize the most basinward platform construction associated with the youngest and
Shallowest progradational event before the ensuing transgression. In contrast, seismic
facies maps einphasize the underlying deeper water sediments because these sediments
.commonly represent the thickest part of the genetic sequence.

Most of the principal genetic sequences of this study are so thick that they are
composed of several depositional cycles, termed parasequence sets (van Wagoner and
others, 1988). These paraseqvuence sets‘c'an be observed on seismic p“rofiles and

identified from well logs (Pls. 1-3).
Mapping Debositional Systems and Shelf Margins

Log facies patterns typical of most of the Plio-Pleistocene sand-rich depositional
systems are presented in ﬁgure 10. Diverse erosional and depositional‘ processes can
produce similar electric log patterns; therefore, depositional emiironments represented
by f.hese log facies patterns are difficult to interpret without other evidence. However,
when maps of log facies patterns are combined with paleobathymetry, seismic facies,
and regional geologic setting, they provide a useful tool for predicting lithologies and

interpreting depositional systems.
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Pattern A (fig. 10), which répresents an onlap slope apron or submarine channel-
fan complex, exhibits either a plogradatibnal or an erosional base and at least an
upwald thinning of sandstone beds if not an actual upward ﬂnlng in grain size. This
pattern is typical of some middip and downdip sandstone successions (wells 5 and 22,
Pl. 1; wells 2-6; Pl. 2; and wells 1, 9, 11, and 17, Pl 3). Pattern B typifies upward-
coarsening dis’tal delta-front and shelf sandstones deposited near the subsiding shelf
margin. The basal progradational sequences in most y’vells commonly illustrate this
pattern (Pls_. 1-3). Pattern C represénts progradational and aggradational nearshore
sandstones such as diétrlbutary-mouth bars and gravity resedimented delta fronts.
vThese are typical patterns in most wells (Pls. 1-3). Medium to thick,sandstoné
packets with abrupt erosional bases (patfern D) characterize aggradatidnal nearshore
and coastal plain deposits associated with initial lowstands and 'risingj phases_. of sea
level. Examples are seen in the Ang B, Hyal b. and l'mn_ A intervals in most wells
- (Pls. 1-3). and they are commonly associated with discontinuous, variable-amplitude
seismic reflections. | | |

Mixed blocky and upward;ﬁning or upwald-coarsening log patterns (pattem E)
typically are associated with fluvial or delta-plain deposits representing channel and
floodplain or cfevasse splay environment's‘ respectively. These aggradational patterns
can occur updip in any of the stratlgraphlc intervals (wells 3 and 4, Pl. 1; wells 1
and 2, PL. 2). Pattern F is characterized by a thick. relatively sand-nch lower unit
overlain by thin alternatlngv-sandstones and mudstones that grade upward into marine
| shales. This retrogradational facies architecture, which is commonly associated with a
relative rise in sea-level, is illustrated by the youngest sandstones in the ﬂ_y__l b- and

Trim A sequences (wells 5-8, PL 1; wells 7-11, PIl. 2 and wells 1-4. Pl 3)
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Recognition of pa.eomargins on the basis of physiographic slope or
paleobathymetry is complicated when sea level fluctuations are extreme. If sea Ievei
falls below the former sﬁelf margin, shallow-water neritic sediments (ecozones 2 and
3) are then deposited directly on the former slope. Uﬁder these conditions the
seismically mapped highstand shelf edge will be landward of the Iowsténd outer
neritic-upper bathyal (ecozone 3 and 4) transitidn. Conversely, if sea level rises
substantially above the former shelf margin, deep-water "slope"- sediments (ecozone 4)
are deposited on the relict lowstand shelf landward of the geomorphic break in slope.
An additional complication arises when relatively shallow-water fauna are locally
transported from the shoreface and inner shelf into deep water by slope failure (creep,
slump, turbidity currents). In vertical sequenceS of well cuttings this resediment'ation
has the appearance of an abrupt basin'w_ard,shift in coastal sedimentation’ that might

be misinterpreted as a rapid lowering of sea level.
Characteristics of Plio-Pleistocene Genetic Sequences
Pre-Robulus E (not mapped)

ln the southern West Cameron area, middle and'upper Miocene sediments .are
| composed of mudstones with thin interbedded siltstones (well 1, Pl 1: well 4, Pl. 2)
that weré deposited on the slope and basin-floor as turbidites and hemipelagic mud
.drapes. These deep-water deposits (ecozones 5 and 6) are several thousand feet thick
and blanket the thin, remnant layer of salt. This sfratigraphié felatiénship indicates
that much of the sélt migrated from the area as a result of shelf-margin progradation

and loading of salt beneath the slope during the middle and late Miocene depositional

episodes.
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FM'iocer_le strata in the study area are recorded aé high amplitudé, continuous
reflé@tions, 'wh»ich suggest relatively uniform sedimentati_oh on a shelf/slope ramp..
These refiéction patterns are 'not‘ indicative of. submarine channels and fans, slumps, or
other highfénergy turbidite "faciés that hight contain thick b_eds of well-sorted sand.
The Miocene strata Were‘ not subdivided and mapped in the study area becauﬁe .
-gevop'hysic'a.l logs an_d seismic .interpretativons indicate that they. are Compdsed entirely of

mudstones and do not contain reservoir-quality sandstones.

Robulus-E to Buliminella 1 (Unit 1)

The Robuihs E - Buliminella 1> genetic sequence (unit 1) is a wedge ofi coarse
- clastic detritus t‘hat tﬁins westward and basinward. ln. the eastern part of the study
" area the sequence is corfnposéd of at least four parésequence s§ts (well 1, PI. 3) that
vtoget‘her constitutev an 'ubWard—'shoaling- vertical ‘succession. The oldest parasequence set
is about 600vft thick; It c‘onsi>sts' of thin interbedded sandstones and mudstones
(vser'rate log pattern) that exhibit 'upward-ﬁtﬁng and upward-thinning Vefticai proﬁ'leé.
These aggradational sandstones, whic,h’pinchb odt to the west, were deposited ih a
lower sl>opve environment (ecozone 5),"The lower slope sandstones grade upward ‘into '
at>‘le.ast 600 ft of aggradafiénal slope mudstones (ecozone 4-5) thaf éomprise the
second parasequence set.”Above the slope mudstones are thin progradatiénal
séndstones,having irregular »fo upward-céarsehing log responses. The isolated
s.andStobn‘es"a‘re 20-50-ft_ t'hivck ‘and are intérbedded with mudstones of cbmparabl_e or
: .gréater thicknesses. The ydungest_parasequence set consists of a few blocky or
upward-coarsening éandstpnes 100-200 f't‘ thick that weré ‘depvosited in an upber’élope
'environ'_men't (ecozone 4). These slope _sandstdnés also p‘ivnch out to the wes‘t §nd |

basinward into slope mudstbnes (ecozone 5).
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In the western part of the West Cameron area, unit 1 represents initial
progradation of coarse clastics over upper Miocene deepwater mudstones. This part of
the sequence is characterized by extremely thin upward-coarsening sandstones’
separated by thicker mudstones (wells 1 and 3, Pl. 1). These interbedded sandstones
and mudstones were deposited in inner to outer neritic environments (ecozones 2 and
3). |

'Net sandstone’t‘hickness of unit 1 is commonly 300 to 700 ft (fig. 11). except in
the western part of the study area where net sandstone thickness is generally less
than 200 ft. Sandstone abundance in unit 1 is contfolled by contemporaneous V
deformation and location of the principal depositional systems. The highest
concentrations of sandstone occur in small withdrawal synclines. which are former
intraslope basins located between salt structures (compare figs. 4, 11, and 12). The
greatest abundance of sandstone occurs where all the sand-rich parasequence sets are
present. Sandstone constitutes less than 30 percent of the genetic sequence‘ (fig. 12)
becausek mudstone interbeds and mud-rich_ parase.quence sefs are common.

Seismic facies patterns of lower and r_ﬁiddle Pliocene sediments (&)_b_ E-Bul 1) are
highly variable. They typically show a basinward change from variable amplitude,
parallel reflections in updip areas to discontinuous, wavy-to-hummocky reflections in
downdip positions. The sand-rich part of the sequence is entirely within the zone of
continuous reflections. These seismic facies patterns indicate gradual accumulation of
turbidites and hemipelagic muds on the slope rather than rapid. accuhulation as a
result of mass transport processes. The zone of distorted séismic reflections occurs far
basinward of the inferred shelf margin. Unit 1 is thin in‘ the High Island East and
western West Cameron areas where it was partly removed by large-scale failure of the
shelf-margin and excavation during subsequent phases of lowered sea level (Mprton

and others, 1990).
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The late Miocene—early Pliocene shelf margin of maximum progradation is- poorly
defined because it was altered in _response to changes in relative sea level. First the
paleomargin subsid-ed and deepened Mud accumulated on the outer shelf and upper -
stope, but sediment supply to the shoreline break was less than subsndence and the
shorelme retreated.

Bec_ause these modiﬁcations tend to;obscure the muddy late Miocene shelf
, margin, its approximate position is identiﬁed on the basi's’ of an increase in regional
dip of upper.Miocene strata’,fincreased number of faults, and increased fault
displacement of Miocene beds. Upper Miocene sediments are buried progressivelj
deeper to the east where the PIio—PIeistocene regional depocenter was located
(compare Pis. 1 and 3). |

Depositional systems of unit 1 were a sand-richvsIOpe apron supplied by a'
relatively small shelf-edge delta system (fig. 13) that maintained a similar 'position
- during two separate eustatic cycles. The basal upward-ﬁning slope apron (ecozone 5)
is interpreted to be deposits of a Iowstand systems tract. The Bul 1 slope apron in
the West'Cameron area is restricted to a zone within 12 mi (20 km) of the shelf
margin (fig. 13). The thick successuon of slope mudstones (ecozones 4 and 5)
represent transgressnve and highstand systems tract deposrts whereas the overlymg
thin upward -coarsening slope sandstones (ecozone 4) were probably deposuted by a
prograd‘ational shelf-edge delta system (second lowstand systems tract) and its |
subsequent transgressive and ,h_i‘ghstand systems tracts.

The delta system. co.nsisted of both proximal,and_ distal components. The western
(distal) delta flank is composed of thin upward-coarsening outer shelf sandstones
~ (ecozone 3) representing the second highstand systems tr‘act.‘ 'i'hese distal deltaic
deposits grade into a Iow-gradient mud-rich ramp supported by upper Mlocene

mudstones deposuted mainly by lowstand and hlghstand systems tracts.
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Only a few fields produce hydrocarbons from unit 1 (fig. 13). The reservoirs are
typically restricted to either the slope apron (downdip) or to proximé_l deltaic deposits
(updip). Most of the hydrocarbons appear to be associated with the youngest sand-

rich highstand systems tract deposits.

Buliminella 1 to Globoquadrina altispira (Unit 2)

Facies architecture of unit 2 is highly variable because.of the unstable shelf-
margin setting, sea level fluctuations, and contemporaneous growth structures. As a
result of complex sedimentation patterns, the electric log responses, sand body
thickness, and lateral continuity of unit 2 sandstones are also highly variable. Three
major episodes of sandstone deposition, hereafter referred to as basal, middle, and
~ upper subunits, are recognized from well log patterns. -

The basal subunit is penetrated only by wel_ls in middip and dowhdip positions
(well 5, PI. 1; well 6, Pl 2; and well 2, Pl 3). It consists of aggradational sandstone
beds ranging in thickness from 10 to 100 ft (3 to 30 m) and disrplayinrg mixed blocky,
serrate, upward-coarsening, and upward-fining log patterns. The amalgamated beds
form a sandstone package th‘at is 500 to 700 ft (150 to 210 m) thick. Faunal
éssemblages associated with the sandstones are characteristic of the upper slope
(ecozone 3.5-4) whereas the encasing mudstones were deposited on the middle slope
(ecoione 4.5). The apparent upwardvshoaling is either the result of a lower sea level.
middle. slope resedimentation of outer shelf and upper slope deposits, or both. Chaotic
seismic reflections in the basal part of unit 2 conﬂrm.that mass transbort processes

were responsible for at least some downslope movement of the sandy sediments.
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The mi'ddle and upper subunits have si\milar sandstone thicknesses and log faeies
pa‘tter'ns Both are about 400 to‘ 500 ft (120 to 150 m) thick and both " consist of
amalgamated thm upward-coarsemng and blocky sandstones that are 5 to 50 ft (1 5
to 15 mj thrck Typrcal logs showmg this progradatlonal style of deposition are seen
in wells 1-5 on plateyl. The only srgnlﬁcant-dlffe‘rence between the two subunits vIS
that‘ the upper subunit was deposited in slightly shallower. water. A.vailable

paleoecological data indicate that the middle subunit was deposited on the outer'dshel'f
and’ upper slope (eeozone 3.5-4) whereas the upper subunit w_as deposrted on the
‘outer shelf (ecozone 3-3.5)‘. Updip Wells.encounter the middle and upper depositional
cycles, but the basal unitl is absent. In updip positions the middie and upper upward—,
| coarsenmg cycles overly lower Pliocene and upper Miocene slope and abyssal plain
mudstones (wells 14 PI. 1).

Two styles of cyclic deposition are commonly repeated in unit 2. Either
| _sandstones ._are distributed throughout the genetic sequence or sandstone thickness
varies predictably with stratigraphic position. Tho’sef»wells ‘encounteringrthe second
style of deposition commonly exhibit thickest and best developed sandstones at the
sequence base and thin., poorly developed sandstones near the sequence top .or vice
‘ verSa |

Sandstones of umt 2 are wrdely drstrlbuted but individual sand bodles are
dlscontmuous Furthermore sandstone abundance is hrghly variable in both stnke and
dip dlrectlons (ﬁgs 14 and 15). Most wells penetrating deposrtlonal axes encounter
‘from 100 to 300 ft (30 to 90 m) of sandstone. and a few wells penetrate more than
500 ft (150 m) of sandstone wherevall t_nree vsand-rich pa.raseq'uence sets are presentv
(fig. 14). - | | |

The principal sand axes are greatly inﬂuenced by syndepositional grthh faults
and diapirs'having‘ lsubstantial relief on the paleocontinental slope. The northwest-

southeast orientation of sandstone abundance (ﬁgs. 14 and 15) is controlled primarily
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| by sets of subregional growth faults (figs. 4) oriented parallel to the early Pliocene
shelf margin (Bul 1 fig. 3) The most landward thick was created by salt
v're'organizatiori and formation of a counfer—regional fault (figs. 4.a.nd 5). The
southernmost sandétone,depocenter is located within a local graben formed by a
down-to-the-basin fault and 'asso;:iiated antithetic faults. The intervening zone of low
sandstone abundance represents a positive paleotectonic element that subsided more
slowly than the adjacent 'w'itfhdrawal synclines. This vpositive structural feature is-not
salt cored buf rather is composed of a thick sucqession of upper Miocene and lower |
Pliocene deepwater mudstones (well 3, PI. .2). |

Syndeposition.al séa-floor.irregularities diverted slumps and turbidités preventing or
minimizing the deposition of shelf énd slope‘ sandstones éfou‘nd salt structureﬁ. The
diapirs created downcurrent shadow zones causing local thinning andf»shalé out of
some potential sandstoﬁe -reservoirs.- Sandstone concentrations in unit 2 are ,‘g‘enerally
low ‘a-md mostly range frofn 5 to 20 percent with some Iocalvdeposvits containing as
much as 25 percent sandstone (fig. 15). These fow sandstone concentrations reflect - .’
the moderately thick mudstones below and above the sandstone packages as well as
numerous mudstonés intefbeddéd with the thin irregular‘sandStones.

Stra}tigraphic characteristics of the slope sandstones.in unit 2 appear to be similar
to those of the Iowsta.r'ld‘ submarine fans of the adjacent High( Island area (Morton
~ and others,A 1991). However, those slope ahd basin floor fané are highly elongate and
extend more than 100 mi"(16‘0 km) basi‘nward of the shelf edge. The basinward
extent of the Glob altisgira:'sandstones,‘in the Wesf C‘ameron‘ South Addition area is
poorly defined because few well>s are drilled'below 12,000 ft (3.600 m) where the
submarine fan system is commonly encounfered. On the sandstone abu‘ndance‘maps

(ﬁgs., 14 and 15), the sand-'ric_h submarine fan system is shown ‘as being detached
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from the progradatienal upward—c'oar'sAening'sandstones of the lowstand ‘wedge. Sandy
facies of the submarine fan may cover a larger area than is shown and extend updlp .‘
' beneath the sand rich part of the lowstand wedge. |

‘The inferred zone of sand bypass and apparent predominance of unit 2 mudstone
‘in the 'WeSt C'a'meron South Addition Area -(ﬁgs. 14 and 15) is also largely an artifact
of drlllmg Most wells penetrate structural highs that were also contemporaneous
bathymetnc htghs consequently reservoir quality sandstones may be concentrated off- -
structure in mtraslope basins. In the High Island area, contemporaneous slope deposits
- contain as much _aé 500 ft (150 m) of net sandstone juat'above salt (Morton and
others, 1991),‘ |

‘.Seismic facies patterns of unit 2,’ can-.be grOUned into three _zone_s. The most
iandward zone consists of a bbrqad area of variable-amplitude, continuous reflections.
'Basinward dipping/ elinoforms are not well developed in unit 2 and are’reStricted to
updip areas (fig. 16). Whe__re present, clinoforms occur near the top or middle of the
“unit (fig. ‘7) and downlap onto fhe basal chaotic reflections. Clinoforms are,poorly
developed possibly ‘because (1) gradients of depositional surfaces near t‘he paleomargin
were extremely low or (2) the clinoforms are obscured by syn- and post-depes_itional,
.deformation., | |

Alternating high- and Iow—amplitude. parallel continuous reﬂectiens' are typical "
seismic faties patterns of nnit v2.especially in updip areas and even in the zone
expanded by growth faults. These patterns typically 'grade basinward into Iew-
amplitude, discontinueus. hummocky”to_wavy patt_ekn‘s with local slump featur,e's‘. The
“top of unit 2 cemtnonly coincides with high-amplftude. parallel and continuous seismic

reflections, whereas the base is poorly defined on seismic profiles.
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The Bul 1 to Glob a genetic sequénce (unit 2) represents an overall upwa_fdé
shoaling succession. The sequence is composed f)f three distinct depositional cycles.
This tripartite depositional pattern is in contrast to published sea-level curves that
indicate one complete eustatic cycle (fig. 1. Haq and others, 1987; Beard and others,
1982) or two lowstands separated by a highstand. The paleogeographic  setting was
one of a delta-flank shelf margin that received a minor supply of coarse sediment.
The low-gradient delta-flank ramp of unit 2 was adjacent to an entrenched system
Iocéted mainly in the High Island area (Mofton and others, 1991). The basal
sandstones of each depositional cyde represént initial rapid deposition of coarse
sediments onto the slope (ecozone 3.5 and 4) by gravity resedimentation in
conjunction with a lowstand in sea-level. Construction of this lowstand wedvge was
followed by a landward shift in coastal onlap and deposition of mud on the slope
(ecdzone 4 and 4.5) by transgressive and highstand systems tracts. This change in
sedimentation style accompanied depositioﬁ of a shelf-edge delta (ecozone 2 and 3)
(fig. 16). Thé repetitive pétt_érn of both upward-fining and upward-coarsening
sandstones records slope aggradation (lowstand and transgressive systems tracts) and
subsequent deltaic progradation across the continental blatform- (highstand systems
tract). | |

The vslo'pe apron sandstones are generally restricted to a zbne within 25 mi (40
km) of the shelf margin (fig. 16).v whereas sand-rich submarine fan deposits are
encountered as much as 60 mi (96 km) basinward of the paleoshelf margin. Glob a
slope sandstones are thicker and more numerous to the west away from the area
where Bul 1 sandstones were deposited (compare ﬁgs. 11 and 14). To the west in
offshore Texas, slope sandstones of comparable age extend more than 100 mi (160

km) basinward of the shelf margin. This significantly greater basinward transport was
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fh’e result of a broad entrenched system ‘that focused turbidity currents down the
slope where sand was concentrated within leveed channels énd elongate submarine
fans (Morton and others, 1991).

Hydrocarbons in unit 2 are generally confined to resedimentéd 'sandstones
_depdsitéd in a lowstand systbems"tract v(fi"g.v16: well 5, Pl 2; wells 1 ahd 2, PL. 3).
Most of the ﬁeldsb a»re> located near the paleomargin on the ﬁpper slope and along
,éontiguous depOsitit‘)naIv axés (ﬁgsf 5 and 16). Hydrocarb(‘)n réservo_irs in unit 2 rangé
in depth from about 5,000 ft to nearly 9,500 ft (1.500 to 2,900 m) with depths
generally increasing eastward aﬁd basinward. Cﬁrrently deepest knowh. acéumulatio’n in

unit 2 |s in West Cameron Block 459, whi'ch. is located in a graben‘complex.

Globoguadrina altispira to Lenticulirg 1 (Unit 3)

Unit 3 can be 'br'oadlby divided into two lithofacies groups on the basi§ Qf' vertiﬁél
- well-log profiles. The most ‘c‘ommon and widely distributed Ii'thofaciesfg.ro‘tixp consists of
amalgamated sandst_one‘s that are 10 to 100 ft (3 to 30' m) thick and have upward-
; c,oar‘sénihg__ or blocky log ‘respons‘es. This Iithbfacies g_rouﬁ (Pls. 1-3) is \normally
restricféd to the most updip‘ area. The UpWard-coaréening sandstones overlie either (1)
the 'second sandstone type displayi'ng mixed serrate and upwardeinin.g ‘patterns or,
more vcon‘mmonlvy. (2) at least 500 .ft“(150 m) of marine shalé. These basal
progradational deltaic and shelf sandstones were deposited in relatively shallow water
(ecozone 3 to ecozone 1) and near the shoreline. | |

The second lithofacies grodp'consist‘s of thin, highiy irregular sandstones
interbedded with thin mudstones. Thesersandbodie:s exhibit_ a mfxture of serrate_;

‘upward-coarsening, and upward-fining log patterns (wélls 7-13, Pl 3): Composite }
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-aggradational sandstone packages are as mﬁch as 1,000 ft (305 m) thick, but most
are about 300 ft (90 m) thick. The amalgamated sandstones occur above the marine
shale containing the Glob a extinction horizon. They also commonly grade upward and
basinward into marine mudstones. The irregular sandstone distribution was influenced
by local failure of the shelf margin (fig. 8) and excavation of a submarine canyon (fig.
6) that supplied the lower Lent 1 submarine fans.

Unit 3 sandstonés are irregularly distributed and discontinuous over most 6f the
stddy area. The general pattern of sandstone distribution reveals alternating dip-
oriented (north-south) bands of high- and low-sandstone concentration (figs. 17 and"
18). The distribution of Lent 1 (unit 3) sandstone abundance is nearly inversely
related to that of the Glob a genetic sequence (unit 2) (figs. 14 and 17). In unit 3,
net sandstone thicknesses are commonly 100 to 500 ft (30 to 150 m): thicknesses
greater than 500 ft (150 m) delineate depositional axes (fig. 17). Anomalous east-west
trends in unit 3 lithofacies méps are related to syndepositional growth faults as well
as salt and shale diapirs (compare figs. 4, 17, and 18). The depositionally controlled
north-south axis and structurally controlled east-west axis result in a complex
lithofacies dist}ibution. |

Sandstone concentrations in unit 3 are generally less than 25 percent (fig. 18).
Local sandstone concentratfons greater thén 25 percent coi.hcide with the primary
depositional axes, whereas areas of low sandstone concentratipn coincide with
structural Highs. indicating syndepositional salt and shale reorganization.

Seismic reflection patterns within unit 3 are éomplex. but they generally display
systematic changes in a basinward direction. High-émplitude or alternating high- and

low-amplitude, parallel continuous reflections characterize the most landward zone of
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seismic patte'rns..Th_is zone also contains low-angle clinoforms that downlap onto the
lower sequence boundary of unit 3 (fig. 7). Clinoforms are best developed where the
genetic sequence is relatively thin and composed of less than 300 ft (90 m) of net

sandstone (compare figs. 17 and 19). Low;amplitude. discontinuous and chaotic

reflectipns are typical seismic pétterns of unit 3 'basinwafd of the Lentic 1 shelf
rﬁargin"and éésociatéd expansion fault zoﬁe (fig. 4).
ihtegratihg well log and seismic facies pétterns 'witﬁ paleoecologitai zones

indicates that b_un‘it 3 is an upward—sHoaling sequén'ce.‘. The most updib upward-
coarsening log patterns are evidence of transgressive and highstand systems tract
deposits. whereas r;noderat,ely-elongate slope sandstones near the base of unAivtb 3;are
lowstand ’sub‘niarine faﬁs and slope aprons tﬁa‘t grade laterally and basinward into
slope shale (fig. 19). -Coﬁcentration' of sandétones at the base or in the middle of unit
3 indicates that the sand transport pathways on the _sldpe were maintainéd or
repeatedly vre_o__ccup.ied. High rates of subsidence and vsedimentavtiorlu are indicated by
beds of alternating sand and shale preserved in the _loWstand fan (mixed serrate and
| upwafd-ﬁning lithofacies) basinv&a‘rd of the paleoshelf margin. These s,lobé 'sandstonés
are ,t.hicker than correlative slope sahdsfones in offshore Texas ’(Morton andlothers., |
1991). but they do not extend as far basinward of the paléomargin. |

| VStrata, above the Iowstand_slope‘ deposits are pr’edominantlj progradationa-l
mudstones and Sandstoﬁes associated with a river-dominated delta system (lowstand
wedge) that gradually"a‘diran'céd the continentai platform about 25 mi (40 km) |
basinward of tﬁe Glob a shelf marginv (fig. 19). Coastal-plain, deltaic, and shelf
sandstones composing fhe lowstand pfogradational wedge bexl‘ﬁbit_ both ‘elo'ngate and

lobate patterns. They also gradéA'basihward into slope shale. In the southern 'part'of
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the West Cameron area, the downdip limit of tﬁeée Iowﬁtand sandstones is not :well
defined because no wells have penetratéd this interval south of the Trimosina fault
zone (figs. 4 and 19). |

Hydrocarboh ‘production from unit 3 sandstones is not constrained by sediméntary
facies'(ﬂg. 19) Nevertheless, no signiﬁ;anvtv accumulation of hydrocarboﬁs in unit 3 is
located landward of the Glob 3 shelf margin and the downdip limit of Lent 1 |
suppression. The most updip Lent 1 fields produce from shorezone and deltaic
deposits of a highstand systems tract (fig. 8) whereas the Iarrgest fields produce from
slumped delta-front or slope san‘ds_tohes of the lowstand submarine fan facbievs (fig. 6:

well 7, Pl. 1; well 11, PI. 3).
Lenticulina 1 to Angulogerina B (Unit 4)

The facies architecture of unit 4 varies systemat‘ically depe.nding on geographic
and Stratigraphi'c position vx'/ithvin thé depositidnal systemS tracts. In updip areas
sandstones are blocky, aggradational.‘areally extensive and 200 to 300 ft (60 to 90
m) thick. These sa‘ndstone; packages are separated by beds of marine ‘shale or
interbedded thin sahdstoﬁés and ﬁﬁdstones ap'prbximvately 50 ft (15 m) thick.
Examples of this pr»edo‘minantly’ nearshore and inner shelf (ecozone 2) depositional
pattern are 'ill.ustrat'e.d by wells 1-4 on plate 1. Wells in'middip positions encounter
thin upward-coarseni‘ng sahdstones and interbedded marine shales tHat' were depoéited
in outer shelf environments (ecozone 3-3. 5) In a few centrally located middip wells,
thick marine mudstones contain isolated. thin (200 ft, 60 m) upward-coarsemng
‘sandstones at the base and top of the sequence (well 12, PI. 2). This sand-starved

| areas (figs. 20 and 21) is reléted to contemporaneous uplift on the subregional Ang B
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expansion fault zone and possibly a mud-filled entrenched ’system; Seismic evidencé
that ;ould resolve this difference i‘n interpretéfion is inconclﬁsive beca'usg of poor da‘ta
quality. |

‘ The-vth‘ickness and log facies ’patterns.of unit 4 chahge abruptly bésinward of the
majdf Ang B expansion faults (fig. '4). The expanded Ang B section typically is |
comprised of thréé sand-rich parasequence sets (wells 17 and 18, Pl 1; wells 13 and
- 14, PL '2)».-The oldest parasequence set is bounded' by the Lent 1 and Cristellaria S
(Robulus 64) extinctién horizéns. The younger two parasequence sets 6ccur ‘between
‘tvthe C'ristellaria‘ S and Ang .B ‘ex-tin'ction horizons. Each parasequence set is 1.000>.to '
2,000 ft (305 ltcvi 610 m) thick and composed of vertically stacked, mixed upwérd-
coarsening and upwa;d-ﬁning sandstones. Sorﬁe péleontologicalvre‘ports "indi_cateit'hat
the oldest parasequénce set is in the upper Lent 1 (unit 3) genefic sequence.
However, detailed well Iog.‘and seismic interpretations demonstrate that this b‘asalv
péréseQuenc‘e sét is slightly younger' than unit 3 and the paleontological discrepancies
" are probably the result of'fa'u'nal reworkiﬁg. The lower two sand-rich parasequence -
sets are relatively uhiform in thickness alo&g depositional strike Whereas the upper
‘mud-rich parasequence set is wedge shaped and_ pinches out to tﬁe east and to the
west.

The most'downdip< sandstone facies of unit 4 are uncerfain bécause the Ang B

, fauna'-is not réported for wells in t‘he. southern West ‘Cameron South Addition andb
Garden Banks areas (ﬁg 22) Apparently the basinward limit of faunal occurrence is
related to the Vupper slqpé depositional _envir‘o‘hment“"that precluded growth of thé d
benthic foram population .in water depths greater tvhan' about 450 ‘ft. ‘Where‘bt’he Ang B
fauna is présent,‘ the sequence is charactérized by variable log re‘sponses/ that indude
- mixed upward-fining and upward-coérséning y'pa\‘tterhs (wells 19-23, Pl..‘ 2). The |

parasequénce sets exhibiting these characteristics are composed of isolated a_nd
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discontinuous sandstones 15 to 30 ft (4.5 td 9 m) thick that appear to be randomly
distributed throughout fhe genetic sequence. The.€e thin sandstones are encased in
thick slope mudstones, whiéh were deposited in ecozones 4 and 5.

Sandstone distribution in unit 4 is bclosely relafed to penecontemporaneous.
deformation as weH‘ as local failure of the shelf margin (fig. 7). Sandsfone is thin or
absent near salt diapirs, shale ridges, and horsts. Net-sandstone .thickné’sses are
typically greater than 500 ft (150 m) and locally exceed 2,000 ft (660 m) (fig. 20).
Deepwater shale appears to be the predominanf lithology in the southern West
Cameron and adjacent western Garden Banks areas. Sands;tpne concentrations iﬁ unit
4 are between 5 and 68 percent (fig. 21) and concentrations greater than 30-60
percent delineate the ’deposi‘ti'onal axes. Because the Ang B stratigraphic marker is
uncertain in downdip wells, a map of net sandstone that ihcludes both the Ang B
and Hyal b séquences was prepared to emphasize the thickness and distribution of
bost-L«mt_ 1 sand-rich ‘depositional systems in the Garden Banks area (fig. 23).

Clinoform reflections are present in unit 4 (fig. 6) but are not well developed (fig.
22) probably because of the high sandstone concentration and syndepqsitfonal
deformation. Seismic profiles show that fluvial incision is common in updip areas.
Chaotic seismic reflection patterns are perSiétent BasinWard of the subregional Ang B
fault zone. This zone of disturbed Sedirﬁents coincides with the three parasequence
sets. | | v

Depositional systems analysis of unit 4 (fig. 22) indicates fhat the updip blocky
- sandstones were deposited on the stable platform as deltaic and other nearshore facies
by transgre#sive and highstaﬁd systems tracts. In contrast, the thin, amalgémated
upward-coarsériing parasequence sets at the top of the sequence were déposited as

distal-deltaic and outer-shelf facies also associated with transgressive and highstand
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systems tracts. Depositional axes of the updip sandstones were largely inherited from
the Lent 1 genetic sequence (figs. 19.and 22). Parasequence sets of unit 4 mainly
.exhibit mixed upward-fining and Upward-coarSening verticzvl‘l profiles immediately
basinward of the Lent 1 fault Zone and shelf rﬁargin. These aggradational and
progradational deposits represent initial construction of the continental platform and
subsequent upbuilding and outbuilding of the shelf margin by a .Iowstand
progradational wedge and highstand she‘If;edge delta system. Southwavrd, flowing
coastal-plain rivers fed the large shelf-edge delta system that prograded about 20 to
25 mi (32 to 40 km) baéinwérd of the Lent 1 shelf margin (fig. 22). The extré_mely
thin, highly irregular downdip‘sandbstones represent distal turbidites deposited on the
adjacent lower slope. The Ang B slope sandstones were deposited immediately
basinward of the Lent 1 slope sandstones (figs. 17 and 20).

The great influx_ of sediment debosited by the shelf-edge deltas initiated or
reactivated regional growth faults énd salt domes. These structures created additiOnal
accommodation sbace that trapped most of the coarse clastic detrituS.’ As a result,
unit 4 deposits are exfremely thick near the paleomargin and rabidly thin downslope
(fig. 20). Basinward transport of most coarse detritus was obstructed by faultv blocks
and diapirs near the contemporaneous shelf margin.

Unit 4 contains more hydrocarbon reservoirs (fig. 22) than any of the other
genetic. sequences; whether or not it also contains the largest volume of hydrocarbons
bcompared ‘to other Plio-Pleistocene sequences is unknown because reserve estimates
are not _differéntiated for each reservoir in multiple'rgservoir fields. Some hydrocarbons
\ in unit 4 are preferentially trapped in the‘m S lowstand progradational wedge (fig.

8). but most are contained in the slightly younger shelf margin delta sandstones (well
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10, PI. 1: well 13, PI. 2). The reservoirs are resedimented delta-front deposits
transpbrted by mass movement as evidenced by chaotic seismic facies. Basinward
pinchout of these lowstand -deposits upthrown and strutturally high on the Trim A
- fault zone (wells 12 and 13. Pl. 3) represent a possible basinward extension of this
sequence. The most updip fields in unit 4 produce from shorezone sandstones‘

deposited by transgressive and highsfand systems tracts (fig. 7).

Angulogerina B to Hyalinea balthica (Unit 5)

Four electric-log patterns describe the faciés architecture of unit 5 depending on
geographic iocation and depositional setting. The most updip wells encounter thin,
aggradational interbedded sandstones and mudstones in the Iowervhalf of the sequence.
These undifferentiated parélic of nonmarine deposits grade upward into shorezone
deposits characterized by two massive blocky sandstones about 200 ft (60 m) thick
separated by a shale interval about 20 ft (6 m) thick (wells 3 and 4. PI. 2). Slightly
farfher downdip unit 5 is composed of several aggradational blocky sandstones that
are each about 200 ft (60 m) thick (wells 6-8, Pl. 2). These sand-rich’ parasequence
- sets were deposited in middle neritic environments (ecozone 2). Middip wél]s- typically
encounter upward-coarsening sandstones that are vertically stacked in parasequence
sets up to 300 ft (90 m) thick (wells 14-17, Pl. 2). This facies architecture is
accompanied by a decrease in sandstone abundance because marine m.udst‘ones‘of
comparable thickness separate the sandstones. These outer shelf sandstones (ecozone
3) thin basinwérd just updip of the Trimosina fault zone (fig. 8). Repeated collapse

and excavation of the Hyal b shelf mafgin (figs. 5 and 8) promoted gravity

resedimentation of the outer shelf sands.

53



Within and south of the Trimosina graben complex, unit 5 is composed of

aggfé_dationél. mixed ubward-cdarsening and upward-fining parasequence sets that are
300 to 600 ft (90 to 180 m) thick (well 20, VPI. 1; wells 19-25, Pl. 2). The sands
were originally deposited in shallow water (ecozones 2band 3). but .were subsequently‘
redeposited in ﬁpper and middle slope environments (ecozones 4 and 5). Exfensive
resedimentation is revealed by fhe chaotic seismic facies as well .as by the deep water
mudstones tHat encompass the slope san‘dston'es.'v The slope sandstones extend into
the northern Garden Banks area, but their downdip limit has not been established
because of the sparse number of exploration wells (fig. 24). Furthermore, net and
percent sandstone values for unit 5 in the Garden Banks area afe somewhat imprecfse
because the Ang B fauna is absent basinward of the Trimosina 'expansioh zone (fig.
22). | |

Net-sandstone thicknesses of vunit 5 are typically legs than 700>ft (210 m). The
principal depositional axes indicate southerly transport across the Louisiana sheif (figs.
24 and 25). Secondary east-west bands of higher nef- sandstone thickness are related
to movement of salt diapirs' and growth faults near and landward of the Ang B shelf
margin. Unit 5 sandstones thin over active salt-cored highs near tHe shelf margin and
are mostly absent in contemporaneous sldpe-deposits of the adjacent withdrawal
synclines (fig. 24). Percént sandstone values for unit 5 range from less than 5 to
more than _75 percent v(ﬁg. 25). _This largé range in sandstone concentration is vdue to
facies changes as well as the influence of salt domes and .growth faults.

The Hyal b collapsed shelf margin and entrenched sysfem (figs. 5 and 26) was
-locatéd between the‘ contemporéneous_ salt-cored growth structureé rwhere the Hyal _Q
and Ang B markers cénverge upthrown on major Trimosina faults. The convergence of
the Ang B and Hyal b cor.relétic)n markers over paleotopographic highs (figs. 5-7 and

26) explains why the second extinction horizon of Ang B coincides with the Hyal B
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(unit 4) correlation marker in some wells. The paleotopographic highs caused
substantial thinning of unit 5 and a concomitant increase in mhdstone deposition. . The
thinning is observed in seismic reflections that commonly merge in the hanging wall
near the fault plane (figs. 5-7). The convergence‘v of mappihgi horizons records the
reduced accommodation space that accompanied simultaneous uplift énd lowering of
base level. The timing and stratigraphic significance of structural deformation in unit 5
is similar to that in the adjacent Hig.h Island area (Morton and others, 1991).

The principal axes of sandstone deposition fo'r unit 5 (ﬁg; 26) are évidence of
repeated and prolonged occupation of fluvial-deltaic systems. These rivers and deltas
dccupied areas that subsided at moderafely high rates due to evacuation of salt while
. adjacent structurally positive areas were buttressed by salt diapirs and fault-bounded
horsts. Low net sandstone values updip of the Trimosina fault zone (figs. 4 and 24)
are related to erosion and/or nondeposition of Hyal b sediments.

Seismic facies of unit' 5 can be broadly divided into two groups on the basis of
reflection amplitude.  High-amplitude, parallel, continuous reflections are persistent
landward of the Trimosina fault zone, whereas low-amplitude, discontinuouIS‘or
divergent reflections occur basinward of that zone. Clinoforms are abSent from most of
unit 5 (ﬁg 26) because the section that normally would contain these reflections is
extremely thin or eroded. Where present, clinoforms downlap onto the contorted
sediments of the collapsed shelf margin (fig. 5).
| Depositional systems of unit 5 (fig. 26) are similar to those of the older
stratigraphic units with two exceptions: (1) slope sandstones are limited in their

lateral extent seaward of the shelf margin and (2) geological responses to fluctuations
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in relative sea level and tectonic activity were more complicated. Growth of a salt
swell into a salt ridge near the /_\gg B shelf margin elevated the Hyal b section. This
uplift removed or prevented significant sandstone deposition except in the central part
of the West Cameroﬁ South Addition area. | |

Slope sandstones of unit 5 basinward of the Trimosina fault zone were deposited
near the shelf margin rather than on the slope or the basin floor. These thick sand-
ri'ch'.parasequence sets were 'deposited by lowstand shelf-édge deltas and later
transbo-rted farther downslope by slumps and turbidity currents. Deposition occdrred
near a riverv mouth where growth faulting ahd a relative rng |n sea level created
additionallk accommodation space. Most of the updip and middip sandstones were
deposited as transgressive and highstand systems tracts ih delta plain, delta front, ‘and
shelf environments where subsidence rates were relatively low. The underlying stable
platform, which was constructedv during the Ang B (unit 4) regression, minimized the
rates of sub'siderfce. Accommodation space for these sediments was created mainly by
a relatiQe rise in sea level. | |

Most of unit 5 in the central part of the West Cameron South Addition area was
transpdrt_ed downslope during excavétion of a minor submarine canyon (ﬁg 5). The
canyon was located just landward of the failed Ang B shelf margin (fig. 26). The
youngest episode of slope failure and éntrenchment occurred during a falliﬁg sea level
and lowstand shortly before the Hyal b transgression. Associated lowstand. deposits
locally form a relativbely thick wedge ‘of sand-rich sediments». Basinward of the
Trimosina fault zone, the last occurrence of Hyal b is commonly reported neaf the
basal uncOnforl;nityf This is because vthe Ang B-Hyal b section was removed by
erosion. Excavation of the submarine canyon ahd associated depositfon (fig. 5)

contradict the coastal onlap curve of Haq and others (1987) and Beard and others
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(1982). Both of those curves indicate only deposition by highstand systems tracts for
the Ang B to Hyal b depositional episode.

Most of the hydrocarbon accumulations in unit 5 are located landward of the
shelf margin (figs. 5. 7, and' 26). The gas is trapped in the upper part of the
highstand systems tract sandstones just below the regional Hyal b shale. This
youngest sandstone succession exhibits an upward-fining facies architecture that
documents coastal retrogradation that accompanied the Hyal b terminal transgressioh.
The few downdip reservoirs (fig. 7: well 18, Pl. 2) are thin, amalgamated sandstones

deposited on the outer shelf and upper slope by a shelf-edge delta system.

~ Hyalinea balthica to Trimosina A (Unit 6)

The facies architecture of unit 6 also varies depending on geographic location and
stratigraphic position. In updip wells, the sequence is composed of alternating blocky
sandstones. and thin, interbedded sandstones and mudstones arranged in several
parasequence sets approximately 200-300 ft (60-90 m) thick (wells 1-4, PL. 1; wells 3-
15, Pl. 2). The updip sand-rich parasequence sets commbnly are ‘sharp—'based but in
middip positions they grade into upward—coar.sening, blocky, and upward-fining |
parasequence sets (wells 11-19, Pl. 1) reflecting progradation, aggradation, and
rétrograda‘tion in relatively shallow water (ecozone 2). Stratigraphic thickness in updip
and middip areas is relatively uniform because of slow subsidence and minor structural
deformation. Despite the uniformity. in stratigraphic thic‘kness.v sandbodies are
discontinuous as a result of depositional processes in nonmarine and transitibhal

environments.
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Facies architecture ot unit 6 is less ‘syst‘ernatic basinward of the Trimosina fault
z_one where mixed upwardécoarsening and upward-fining parasequence sets 'are_ |
cornposed of amalgamated‘thin sandstones and interbedded mudstones. The sand-rich
‘parasequence sets dhave a serrate log pattern‘ and are as much as 700 ft thick' (wells
- 19-23, PL 2; well 15 Pl. 3). Most of the sandstone in sequence 6 occurs in the
_lower two-thirds of the sequence. The. upper thrrd is characterized by upward-
coarsening then upward-ﬁnmg log patterns |nd|cat|ng progradation followed by
retrogradation. Faunall'aSSemblages -associated with these parasequence sets indicate
deposition in outer shelf and up.per slope environments (ecoiones‘i:’» and 4). Th‘e ‘
upward-fining and upward-coarsening. sa.ndstones thin basinwa_rd‘ where they are
Separated by thick intervals of slope mudstones.,(ecozones 4 and 5)

vNet—sandstone thickness (fig. 27) and sandstone percent (fig. 28) of unit 6 'defrne
two s'eparate trends. The northeast-southwest trend".paralrlelsthe primar§ depositional
axes, whereas. the northWest-southeast trend reflects interaction of syndeposi‘tional-
faulting, subsidence and sediment supply. Alternating bands of thick and thin net
sandstone are a reSponse to downwarp and structural rotation near. the master fault
' plane and stability or mtnor uplift over structures formed downdip near the youngest
family of faults b(ﬁg. 5-8). Despite large net sandstone thicknesses in the expansion
'ZOne (fig. 27). percent sandstone values are low (fig. 28) because intercalated’shales
are also thick (wells 1"9-23,‘PI.A 2). Dip-oriented sandstone thicks of unit 6 are slightly
offset compared with prominent depoaxes of .unit 5 (compare figs. .2'4 ‘and 27). Exoept
| in the Garden Banks area, salt does not penetrate unit 6 because of its relatrvely
_young age and great thickness (figs. 27 and 28).

Sandstone abundance decreases near the ﬂy_j b shelf margrn reﬂectrng a
‘basmward thrnmng of the interval above a former discontinuous salt ndge as well as

a basrnward.‘decrease in sand-.deposrted by the Iowstand and transgressrve systems
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tracts. Stee‘p contour gradients on net and percent sandstone rhaps (figs. 27 and 28)
coincide with the lowstand progradational and aggradational sandstones.

The updip limit of thick lower Trim A sandétones is controlled by the Trimosina
expansion fault zone, whereas the downdip limit of thick sandstones coincides with the
counter-regional fault zone (figs. 4. 6, and 8) except where feeder channels pass into
the western Garden Banks area. Lower Trim A sandbodies are probably channel-fill
and' shor.ezone‘ deposits that aggraded during lowstand and rising phases of sea level.
they' were then transgressedb and buried by a blanket of outer §helf and upper slope '
mud during the ensuingbh'ighstand.

Seismic reflections of updip strata of unit 6 have variable amplitudes and variable
continuities; discontinuous erosional surfaces and small incised -cHanne|s are also
commbn. Middip seismic signatures are mostly high-amplitude, continuous and parallel
reflections. Thesé’ seismic patterns pass basinward into Iow-amplitude, ‘parallel
reflections that are either continuous or discontinuous. Hummocky to wavy reﬂectién
patterns of the lowstand wedge are generally restricted to the most basiﬁWard zone of
iow-arﬁplitude reflections. .

‘Low—angle clinoform reflections are common near the Hyal b shelf margin (ﬁg
- 29). which also coincides with the transition zone between discbntinuous and
continuous reflections. Clinoforms are a‘bsent in the eastern half of the study area
where sandstone percent is high (compare figs. 28 and 29). In the middle of the
study area, clinoforms:in the basal part of unit 6 downlap onto the m, b shale
(figs. 7 and 8). These prog_radatiqnal s;eismic facies occur basinvward of thg Hyal b .

| clinoform zone and IandWard of the Trimosina fault zone (figs. 7 and 8).
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Unit 6 is composed of several depositional systems (fig. 29). In updipvand middip :
posifions. it is composed of aggradational coastal plain facies. The sand-rich facies .
were deposited by fluvial-deltaic and barrier strandplain systems whereas the. m_qd-rich
facies were deposited by chenier plain or Ia}goon systems répresenting the transgressive
and highstand systéms tracts. In downdip positions the highs_tand and lowstand shelf-
edge deltas and adjacent slope systems (fig. 29) prograded the Hyal b to Trim A
continental margin from 6 to 20 mi (9.6 to 32 km) with distance ‘decreasi'ng away
from &Ie depocenter. | |

The Hyal b-Trim A stratigraphic interval ‘(unit 6) is the youngest Plio-Pleistocene
sequence of offshore southwestern Louisiana having substantial hydrocarbon resefves
and exploration potential. Most of the gas reserves are limited to the s'outherﬁ half of
the sfudy area (fig. 29) where séndstone abundance is greatest. Most of the
“hydrocarbons aré trapbed at the top of thick sandstone parasequence sets deposited
by shelf-edge delta systems near or basinward of the Hyal b shelf margin (fig. 6
wells 21 and 24, PI. 2). Ret;ogradational sandstones deposited in response to the
relative rise in sea level associated wit.h.the Trim A transgression are also important '
reservoirs. Other. minor accumulations are related to vertical migration around salt
~ domes and leakage from older reservoirs (fig. 7). Th‘e northeast-southwest trend of
fields producing from unit 6 cufs across depositional grain and assbciated fécies
boundaries ."reflecting .the dominant structural control on hydrocarbon distribution (fig.

29).
Trimosina A to Globorotalia flexuosa (Unit 7)
Unit 7 is the youngest hydrocarbon-producing sequerice of thick shelf-margin

deposits in the West Cameron South Addition area. Furthermore, it is the -Ieast_

deformed Plio-Pleistocene sequence with enough well control to. map _regionél genetic
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stfatigraphy; Thereforé. it serves as a good analog for some of the older Plio-
VPleistocene sequehces that were influenced by sea-levé_l fluctuations and rapid
subsidence.

Only some wells were logged th‘rough unit 7 because of its shallow depth. Those
logs 7 reveal that the balancev'among sediment supply, subsidénce. and eustasy |
-favored a dominantly mud-rich retrogradational and aggradati‘onal fatgies architecture
(Pls'.. 1-3) compared to the progradational‘ahd‘ aggradat‘ional architecture 6f underlying
T_rimosina A sediments (.un'it 6). Furthermore, the locus of vtﬁic‘kest‘. most massive
nearshore sandstong deposition sHifted landward compared to unit 6. Typical electric
log patterns for updfp and middipv wélls indicate thin, upward—coars’en"iﬁg and upward-
fining sandstones separated'by mudstones of combarable or greater thickness (wells
11-18. PI. 1; wells 11-18, PI. 2; and wells 2-13. PI. 3). A few updip well logs record
sharp}based, blocky channel-fill sandstones as niuch as 150 ft (45 m) thick (well 5,
Pl. 2: and well 1, PI. 3). |

Unit 7 abruptly thickens and both Iithofacies and biofacieé change dramatically
baéinward of the Trirhosina’fault zone. Within. the Trimosina graben, unit 7 is
COniposed of s,and—ri'ch parasequence sets (wells 19-22, Pl. 2) deposited in outer shelf
_and upper slope environments (ecozones 3.5 to 4). The sandétqne parasequence sets
generally range from 200 to 400 ft (60 to 120 m) thick. Basal sandstones are
discontinuous. in strike and dip directions, whereas the uppermost'parésequence set is
composed mostly of thin, upwa‘id-coarsening sandstovnes at the top of the sequence.
The vu;.)permost’sandstones are relatively' cbntihuous over théir Ilim'ited area of
- deposition. These outer sheif and upper slope sandstones abruptly pass basinward intd

slope mudstones (ecozones 4 and 5).
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Patterns of sandstone abundance and sandstone‘cdncentration for unit 7 (ﬁgs. 30
and 31) illustrate that the subrggional. depocenters were inherité‘d,.from ‘u'hit 6. Most of
unit 7 contains less than 300 ft (90 m) of net sandstone and is composed of less
th’an 30 percenf sandstoné. Sand concentration vis on\) even within the‘ graben c_o,mplex“
where unit 7 is about;2.0(.)0 ft (610 m) thick. The downdip lobate sand-body
geometry in the southern Wéét Cameron afea is an artifact of the Trimosina graben -
- system. Secondary updip dépositionél axes represent the locus of fluvial-deltaic
A depos‘ifion on the relatively stable platform previously construéted by deitaic systems
of units 5 and 6. Aggradétion rates in the grabén complex were exceptionally high as
salt evacuation and. a relative rise in sea_ievel created éccommodatfon space.

‘Seismic‘stratal patterns of unit 7 in updip ‘positions.a_re variable-amplitude, mbStIy
wavy and discoh_tinuous ‘reﬂectibns ‘with small cut-and-fill erosiqnél ‘features.
Interconnected fluvial éystems lahdward_ of the Trimosina faultj zone are expressed as
channels encom‘passing hummocky to wavy reflections. These irregular reflections
diérupt the 'sﬁrrounding high~amplit_ude continuous reﬂectio}ns.’ These seismic facies
pass basinward ‘in'to", vavriable—a'mplitudé, parallel. continuous reflections located in
middip positions and updip o'fv the Trimosina fault'zbne. Basihi_)vard of. the Trimosinav
fault zone, seismic reflections are disorganized' and 'chéotic: On seismic profiles, these
chaotic zones are characterized-by intraf,orma'ti.onal slumps 'ancbl'other_, syndepositional '
deformatio.n featubres‘indicative of mass transpoft near the shelf margin. These zonés
of deformed ét(ata typically occur near the top of the sequence aﬁd‘ ére underlain by
conformable h‘igh-amplitudg reflections or downlapping clinoform reflec_tibns. Slumping |
and mass'tr.ansport proce_sses were respbrisiblé’fof resédimentation of the upper third

of the sequence, whereas the lower third is dominahtly’ progradational. -
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Low— and high-angle cIinoform reﬂectioris are prominent near the transition
between the parallel and chaotic‘reﬂection pétterns. The seismic facies transi‘tion
coincides with the Trimosina fauit zone, which continued to infl‘uence patterns of
deposition. Clinoforms typically occur near the basal‘ pért of the sequence and downlap
~onto the Irim A transgressive shale. This type\ of progradational pattern is‘vseen
- across the_southe'rnFWest Cameron South A'd':dition area (fig. 32). Near the West
Cameroh-High Island boundary, clinoforms occur |n the middle of unit 7 (fig. 8). In
each of these settings the clinoforms grade basinward into discontinuous wavy
reflectiohs. - |

The lowstand and transgressive systems tracts of unit 7 are composed of ‘coastal
plain and nearshore ‘Iifhofacies. The lithofacies fnclude fluvial channel sandstones and
'associatéd floodbasin mudstones, platform deltaic séndstone’s, and prodelté mudstones ‘
“containing middle and outer shelf (ecozpné 2 and 3) faunal assemblages. These
platform facies grade westward into delta-fringe and shelf sandﬁtones-and mudstones
(fig. 32). -

The thick succession of sediments in the Trimbosina graben complex was deposited
primarily in outer shelf and upper slope envirbnments (ecozones 3 and 4) by a
lowstand shelf-edge delta system. The Glob flex shelf margin remained in
apprdximately the same position as thé Trimosina A sﬁelf margin except near the
West Cameron-East Cameron boundary, where rﬁaximum deposition of .coarse claéiics
advanced the continenta‘I. platform about 6 mi (10 km) basinward (fig. 32).

‘Unit 7 offers only minor exploration potential for hydrocarbons. Sandstones
associated with the lowstand deltés serve as the hydrocarbon reservoirs deposited near
the paleoshelf margin (fig. 32: wéll 20, PI. 2). Most of the gas in unit 7 was trapped‘
within the Trimosina A graben complex. The hydrocarbon accumu‘lationsbare aligned m

a northeast-southwest trend that is oblique to the regional structural trend.
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Post-Globorotalia flexuosa (Unit 8)

Sediments above the Globorotalia flexuosa correlation marker are generally less

than 1,000 ft (300 m) thick. In the Trimosina graben complex as much as 2,000 ft
(600 m) of Wisconsinan age.sediments were deposited- (fig. 8. Pls. 2). Late
Quaternary sandstone trends and interpreted depositional systems were not mapped for
unit 8 because too few electric logs record the near-surface sedimentary section. This
shallow inter:\/al' Has been extensively studied by Suter and Berryhill (1985). Berryhill
(1987). and Coleman and Roberts (1988) who used numerous high-resolution seismic
profiles énd engineering foundatioh bofings to recoﬁstruct the post-Sangamon
depoSitionaI history of the Lodisiana-Texas outer continental shelf.

Results of these investigations are applicable to the present study because they
_provide.insight into the composite nature of shelf margin deposits and the influence of
both major and minor fluctuations ‘in relative sea level. Int'egration of lithologic
descriptions and seismic profiles of unit 8 permits detailed mapping of meandering
streams within entfenched valley systems, delta llobes. and related barrier island
systems_, as well as the types of sequence boundaries and internal stratal patterns

that are commonly used to ihterpret multichannel seismic data. -
SUMMARY OF DEPOSITIONAL AND STRUCTURALv HISTORY
Late Miocene-an_d Early Pliocene .(6.0 Ma - 3.7 Ma)
During the late Miocene (pre—_Rgle_tg E. fig. 1). widespread coastal regressfort

initially advanced the continental platform in offshore southwestern Louisiana and

southeastern Texas, but later the platform subsided and was flooded as sediment
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supply diminished and relative sea level rose. In southwéstern offshore Louisiana,
bﬁmarily aggradational and rétrogradational distal deltaic, outer shelf, and upper slope
- sandstones and mudstones were deposifed. |

The basinward extent of progradational clastic wedges were progressively shifted
landward a§ the shoreline/shelf equilibrium entered a retrogradational phase (Morton
and others, 1988). Mud-rich transgressive systéms aggraded the continental slope and
constructed a broad interdeltaic ramp as evidenced by the thick succession of fine-
graihed upper MioceneJower Pliocene sediments (wells 4 and 5, pl. 1) deposited in
abyssal and lower slope environments (ec‘ozones 6 and 5). The retrogradational phase
of deposition culminated with the Robulus E régi‘onal transgressidn (5.5 Ma, fig. 1)
and was fbllowed by the aggradational phase of marine mud déposition lasted through
the extinction of Textularia X (4.6 Ma. fig. 1)

Following the late Mfocene and earliest Pliocene transgression and highstand in
sea level, the principal drainage systems flowing into the Gulf of Mexico responded to
a slight fall in sea ievel by rapidly prograding the. shoreline and delivering coarse
clastics to thé contemporaneous outer shelf and upper slope‘. The axis of this
deposition in Louisiana was Iocated slightly west of the locus of late Miocene
deposition (Woodbury and others, 1973). In the West Cameron area, the middle
Pliocene Bul 1 interval (unit 1) contains thin, upward-coarsening sandstones of distal
deltaic and shelf origin encased in thicker prodeltaic and shelf mudstones. These early
Pliocene depocenters were supplied by shelf-edge deltas that constructed a slope apron
of Iowstand wedges and a d‘elt'a platform near the paleo-shelf margin (fig. 13). The
sand-rich deltaic systems passed westward andr basinAward into mud-rich‘ shelf and

slope systems, respectively.
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The rising sea level phase of the early Pliocene depositional cycle culminated

about 3.7 Ma in a widespread transgression containing the Buliminella 1 (Glob.

nepenthes) extinction horizon (fig. 1). Water depths increased across the outer shelf
and upper slope, but the relative rise in sea level was minor compared to existing

water depths; therefore changes in faunal assemblages were insignificant.
Middle Pliocene (3.7 Ma - 2.8 Ma)

The middle'- Pliocene rapid influx of coarse terrigenous clastics (unit 2) also
coincided with an abrupt fall in sea level about 3.0 Ma (Beard and others, 1982).
This lowered base level exposed the continental shelf 'an’d caused entrenchment of
fluvial systems within a submarine pediment in the adjacent High Island area (Morton
and others, 1991). In the West Cameron area, sand deposition was restricted to the
- slope apron and submarine fans near the contemporaneous shelf margin (fig. 16).

Bathymetric highs controlled the pathways of sand transported dbwnslope. Some
emergent salt structﬁres and fault escarpments trapped the coarse bedload of turbidity
currents, whereas other bathymetrié highs merely deflected the turbidity currents and
foéused them betwgen growing structures, perfnitﬁng deposition farther downslope.
During the sea-level lowstand, slope systems delivered sand at least 30 mi (48 km)
basinward of the paleo-shelf margin. The transport of coarse clastics to the slope
diminished as the rate of fallingv sea level approached the rate of subsidence.
Evéntually a relative rise in sea level flooded most of the platfdrm (transgressive
systems tract) and caused retreat of the shoreline to a position similar to that during -
the early ‘Plibcene transgression. At the same time, slope depositioh terminated éxcept

for hemipelagic mud that was draped over the submarine fan deposits.
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The marine condensed section associated with the middle Pliocene tfanSgression
- contains the Glob a extinction ,horizon (2.8 Ma). The _Glili a faunal assemblage is
absent in updip wells because (1) it did not live in nearshore enyiroﬁments a'n'd (2)
‘the Glob a highstand in sea level was not ’as‘ high »an"d therefore marine inundation
'was not as widespread as‘ during the preceding Bul 1 (3.7 Ma) and following Lent 1

| (2.2 Ma) highstands.
Late Pliocene (2.8 Ma - 2.2 Ma)

About 2.4 Ma (fig. 1) sea level abruptly fell to é position near or Below the 3.0
Ma lowstand (Beard and others, 1982; Hagq and others, 1987). This iregressive event |
(unit 3) is seismically expressed‘updip as an erosional unconformity and downdip as.
clinoforms: downlapping onto'vthe Glob a condensed horizon (fig. 7). Sand transport
pathways were mostly inherited from the previous (ﬂq_b_ a) slope.apron system (figs.
14 aﬁd 17) The slope sands ‘are thickest where rapid deposition along the.unstable
shelf margin remobilized salt ‘and created additional accommodation space. This
lowstand depositional event terminated when sea level stabilized. Continued subsidence
résulted in a relative rise in sea level .thaf reduced sand ~éupply to thve‘s'lope except
for redistribution of slump deposits by turbidity currents near the shelf margin. Mud |
drapes buried the submarine faﬁ deﬁosjts isolating them from the overlying
"prograda'tional sandstones, which were deposited by mul‘tible lobes of a. shelf;edge
delta system. |

The relative rise in sea level that ended deposition of sequence 3 caused irregular
landward retreat of the shvo‘relvine and an-upward-‘deepening‘ succession.of mavrine |
mudstone depésited by outer-shelf and ypper-slope systems. ;fhe rﬁérine condensed
section associated with this transgression commonly contains the éxtinction horizon of

either Lent 1 or Glob miocenica (2.2 Ma).
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Early Pleistocene (2.2 Ma - 1.5 Ma)

The early Pleistocene depositional megacycle (unit 4) began about 1.7 Ma;
however, the major ‘inﬂux of coarse clastic detritus was related to a fall in sea level
about 1.6 Ma. Thick .sandstone parasequence sets (fig. 20) constructed a lowstand
wedge, which is located principally in the West Cameron South Addition area (fig.
22). This regfessive depositional episode aggraded the slope and advan;ed the
continental margin far beyond the maximum Lent 1 shelf edge.‘lt also juxtaposed
sand-rich nearshore.deposits on thick slope mudstones of the Lent 1 transgressive and
highstand systems tracts. The sandy lowstand wedge is generally thickest and best
developed west of the Lent 1 submarine fans (ﬁgs. 17 and 20).

| Rapid loading of salt structures on the uppér- slope caused $imultaneous fault
activation, dome' growth, _and vdévelqpmen_t of withdrawal basins. ‘Deépite the§e
potential sediment traps, a svubstahtial \}olume_of _s#nd was transpbrt’ed downslope
m_oré than 60 mi (96 km) basinward of the shelf margin. At the end of this
regressive episode _(unit 4), maximum progradatioh of the shelf margin coincided with
the discontinuous salt ridge complex that exténds across the West Cameron South
. Addition area. .

The early Pleistocene slope systems are preserved as sand-rich parasequence sets
deposited by turbidity currents that originated near fhe contempor‘aneous‘ shelf margin.
Most of the delfaic sandstonés are vertically s‘tack‘ed’outer shelf .deposits. indicatfng a
balance ‘_between shelf margin subsidence and sediment supply. T‘he regressive
.depositional phase was terminated by a relatiye rise in sea level about 1.5 Ma (Ang B
transgression). This basinwide transgression caused a landward shift in the shoreline,

deposition of outer-shelf mudstones over the deltaic deposits, and deposition of upper-

slope mudstones on the adjacent ramp (_tiransgresSive systems. tract).
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Middle Pleistocene (1.5 Ma - 0.65 Ma)

After the regional Ang B tranﬁgression. moderafely large delta systems prograded
across the stable platform and beyond the paleoshelf margin leaving a record of
upward;coarsenfng sandsfone and mudstone parasequence sets »(uhit 5). Thicknesses of
the delta deposits depended partly on water depth. Thick lowstand wédges forméd in
relatively deep water seaward of the Ang B shelf margin whereas thin deposits
accumulated in relatively shallow water on the stable platform.

Féults and salt diapirs in the West Cameron depocenter were active during this
depositional episode as demonstrated by sﬁbstantial changes in stratigraphic thickness
in isolated fault blocks between the salt ridge complex and the Ang B expansion fault
zone (figs. 6 and 7). Reactivation and subsidence along faults and concomitant uplift
or stability along a salt ridge near the High Island-West Cameron boundary captured
much of the coarse sediment near the shelf margin and prevented significant
basinward transport. However, farther to the east, sand Was transported across the
shelf-margin fault zone and far down the slope by a combination of slumping and
shelf margin entrenchment.

The initial regressive event may have occurred during a highétand or it may have
been a response to a slight lowering of sea level (fig. 1). In either case, a later
lowering of base level (0.8 Ma) caused valley entrenchment in the West Cameron‘_area
and a basinward shift in deltaic sedimentation that resulted in deposition of thick
outer shelf and upper slope sandstones on upper slope mudstones. At the same time,

moderately thick sandstones aggraded the stable platform.

69



- The subsequent relative rise in sea level term.inatedﬁ sIdpé sandstone  deposition.
and shifted the shoreline Iandwérd. _A' thin, but pervasive marine mudstone containing'
thél-l_y_a_l b fauna accumulated over the former coastal plain v‘during-thfs brief
) transg(eésion about 1.0 Ma (ﬁg.,bl').

E Anofhér majbr perib,d of regression (unit 6) followed the Hval b harine
transgression. Two types of lithologic evidence suggest that th‘is re‘gvr_essi.ve episode;.
was partly in response to a Iowering of séa level. First. thfickva’ggradatidﬁal sandbodies
having sharp é(osional basgs above the Hyal b marine ’shél'e éré common throughout
the updip area where vthe~c0ntine'n’tal pla>tformv was slowly .subsiding. Sécond. an
extremely thick interval of oqter shelf and upper slope sandstones was ‘abruptly
deposited by shelf-edge delta systems on the ‘&gv B-Hyal b slobje resulting.in a
basinward shift in coastal sedimentation. These 'lowstévnd, depositional systems -
aggraded .th‘e slope vavnd.prograded.- the shelf "margin. Fadltiné a.nd salt diapirism also

continued as rates of sedimentation rapidly increased.
Late Pleistocene (0.65 Ma - present)

The Trim A regionél transgress‘ion about 0.65‘ Ma was followed by rapid

outbuilding of the shoreline and reconstruction of the shelf margin near its Trim A
pbsition. The thick interval of vertically stacked. upward-coarsén.ing cyéles (uhit_ 7)
breco’rc’is» the brolonged presence of small shelf-edge_ delta systéms and their subjacent
slope systems'thét deposited mua and some. sand néaf the paleosh’élf margin. This
regressive event was aided by a fall in sea AIev.eI ‘that. concentrated depdsiﬁon on thé :
former -slope. As withv.the‘ previous depositional 'cycle. mﬁch_of -the sand acéﬁrﬁulated
in the fri_fnosina grabén system, but the ﬂhe-grained éuspended ‘sediment :escaped the‘

trap and was deposited as hemipelagic drapes on the: adjacent slope.
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During the falling sea le\)el phase, discontinuous sandstone lenses were deposited
above the Trim A marine shale wedge. As eustatic sea level stabilized with respect to
subsidence, slope mudstones accumulated in advance of the bprograding shelf-edge‘ delta
system. This defta system deposited the everl'ying thin upward-coarsening sandstones
near the top of the sequence, which is capbed by the Glob flex transgressive shale;

The youngest Quaternary parasequences were deposited. after the Glob flex
transgression (unit 8) in response to lowered sea level that exposed the continental
shelf, caused valley incision, and initiated construction of lowstand wedges along the
edge of the continental platform. These moderately thi‘ck lowstand wedges were
‘deposited by shelf-edge deltas that prograded into relatively deep water andA then
began aggrading as the balance between subsidence and sediment supply attained near
equilibrium conditions. Minor fluctuations in relative sea -leve|~and. lobe switching -
caused repeated inundation and»abandonmen-tcf delta lobes and their subsequent
reoccupation. ‘

‘Approxivmately 18 Ka, sea level‘began to rise as global t_emperatures warmed and
glaciers melted. The rise in sea level was so rapid thet the trensgressive systems
tract is represented by a marine erosional surface (ravinement »surface)k or a thin
condensed section that still persists over much of the shelf. Although a highstand in
sea level was reached about 5 Ka, highstand Systems tracts have only fo}med at the
Mississippi delta, the adjacent chenier plain, and at regressive barrier islands along the
| Texas coast where sediment supply was sufficient to -prograde t'he' shoreline (Mortou

and Galloway, in press).
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HYDROCARBON GENERATION AND DISTRIBUTION |

Plio-Pleistocene sediments along the outer continental shelf of the northern Gulf
of Mexico produce large volumes of gas and condensate and some oil. Considering fhe
entire trend, most of the Plio-Pleistocene production and recoverable reserves are
located in offsh.ore southwestern Louisiana. Although these young sediments have been
buried to substantial depths, they are still relatively cool and diagenesis is not
advanced (Milliken, 1985). Sandstone porosities and perme_abilities are typically greater
than 25 percent and hundreds of millidarcys, respectively, and reservoir quality
primarily depends on the original pore proberties and sandstone continuity inherited
from the depositional environment.

This section reviews probable sources of the hyd_rocarbons. describes the geologic
attributes of each hydrocarbon play in thé West Cameron and western Garden Banks
areas, summarizes the potential for undiscovered hydrocarbons in each play, and offers

possible strategies for discovering the remaining reserves.
Source Rock Potential, Thermal Maturation, and Petroleum Migration

Available organic geocheniical analyses indicate that all of the oil and most of the
gas trapped in Plio-Pleistocene reservoirs originated much deeper in the basin. The
hydrocarbons migrated to their present position as a result of cross-formational flow
along deep-seated faults and around salt domes. Compelling evidence of verticaf
migration comés from integratéd’ time and temperature indexes, which suggest that the
producing sediments are t‘hermally immatbu‘re and therefore have not expelled oil and

thermogenic gas (de. 1978: Huc and Hunt, 1980). The few available reports that
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contain organic geochemical data for Plio-Pleistocene strata in the western Gulf Coast
Basin demonstrate that the sediments contain ample quantities of organic matter.
especially of the amorphous marine typé that favors oil generation. Dow and Pearson
(1975) analyzed the organic content of Plio-Pleistocene sediments in cores and
cuftings of wells in the western Gulf of Mexico including some in the West Cameron
and western Garden Banks area. They reported a progreésive basinward increase in
average weight percent organic carbon content ranging from 0.26 percent in inner
neritic mudstones to 0.71 percent in ‘mudstones deposited in abyssal environments.
Samples from mid-shelf to abyssal depths all had average organi.c content exceeding
0.5 weight percent, which is considered a minimum value for petroleum generation.
Despite having adeduate concentrations and favorable ‘composition of organic
material for. hydrocarbon generation, the Plio-Pleistocene sediments of offshofe
Louisiana Ia;k other important requiremenfs necessary to convert the organic matter to
hydrocarbons. Maturation profiles of Cenozoic sediments in Louisiana indicate that
Plio-Pleistocene sediments would have to be deeper than 18,000 ft (5.500 m) and
hotter than about 325° F in order to initiate in situ oil generation (Dow, 1978).
Therefore, oil in PIib—Pleistocene reservoirs is inferred to have migrated from deeper
source rocks. Additional evidence of vertical migration from great depths is the fact
that produced oils ére. typically older than the reservoirs (Young and others, 19‘77).
Carbon isotope data from offshore Louisiana fields confirm that nonassociated gas
trapped in Plio-Pleistocene reservoirs is a product of several processes (Rice. 1980;
Nunn and Sassen, 1986). The shallow dry gas is of biogenic origin having been -
generated by micrdbial action durihg early stages of burial while the sediments were

relatively cool. The isotopically heavier gas, a byproduct of generating liquid
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'hydrocarbonis. was both physically separated during vertical migration and chemically
fractionated by thermal diétillétion. At high temperatures, liquid hydrocarbokns are
th‘ermally.c'raclzked to form gaseous hydrocarbons as strata subside and pass beneath
the oil window.

| Geochemical evidence suggests that slbpe mudstones of early Tertiary age (Eocéne ,
and older) are the most likely sources of thermogenic gas in Plio-Pleistocene
reservoirs. HoWever. deeply-buried Cretaceous carbonates beneath the salt are the most
likely source of oil trapped benéath the upper slobe (Nunn and Sassen, 1986:

Dinkleman and Curry, 1988: Sasson, 1990: Thompson and others, 1990).
Spatial Distribution of Hydrocarbons

Plio-Pleistocene fields in the West Cameron and western Garden Banks areas (fig.
33). have produced more thaﬁ 840 million‘bar‘rels of oil equivalent (1 boe = 6 Mcf of
gas) during the past 20 years. This volume of produced hydrocarbons indicates a
moderately significant concentration of gas-prone fields in the western part of the Plio-
Pleistocene trend.

Seismfcanvd well log data were used to identify two types of combined structural
and stratigraphic traps that account fo‘r most of the fields containing more than 25
million, boe. Timing‘ of salt movement is an important criteria for both types of t.raps.‘
(1) The ﬁrét type of trap includes the faulted crest and the basinwaid flank of large
rollover anticlines. The rollover structures are assocfated with master listric faults that
formed as a réSuIt of.late., salt movement. Nearly all the largest gas accumulations

occur in this structural setfing. (2) The second type of trap is associated with
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relatively late salt dome growth which caused abrupt thinning of young sediments.
Hydrocarbons are commonly trapped beneath the zone of stratlgraphic convergence.
Stratal convergence above the objectlve horizon indicates salt dome growth after -
development of a seal and focusing of migrating fluids into the resulting structural
high. | |

PIio—Pieistocene sediments in the West Cameron and western Garden Banks .area '
contain more than 11 _billion boe in abouf 100 ﬁeidS or local accumulations (fig. 33.
Append.). Some fields contain more than 50 million boe (fig. 34 Append.) but most
fields contain less than 10 million boe in recoverable reserves. The NRG Associates.
(1988) field-size data (fig. 34) follow a typical exponential deciinev curve, which
~indicates a finite limit in the number of large- fields. The three largest PIioQPieistoceno
fields (fields 59. 74, and 64, ﬁgi.i 33) each contain between 102 and 150 million boe
in recoverable reserves (Append.). and are avnomvalously Iarge accumulatiOns that
represent the upoor limit of expected field sizes (fig. 34). |

The Iargest‘ Plio;PIeistocene fields in the West Cameron-western Garden Banks
area produce from Trim A (unit 6). Hyal b (umt 5), and Ang B (unit 4) reservoirs.
FT'he few fields containing nearly 100 million boe in mUIt_iple vertically stacked pay
zones are preferentially located between the Trimosina regional and counter—régional-
faults (ﬁgs'. 4 and 33). Many fields, including most of the larger fields, are as‘sociated
with stiuctures having sorne late fauit movement. Only a. few small fields 'are located
near the intersection of vse\ieral'large faults or refaulted fauits‘ probably because of

disruption in reservoir continuity and possible leakage along fault planes. '
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Figure 34. Sizes of known Plio-Pleistocene oil and gas fields in the West Cameron and
western Garden Banks areas. Field sizes were determined on the basis of recoverable '
~ reserves reported by NRG Associates (1988).
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Delineation of Hydrocarbon Plays -

‘Hydrocarbon play analysis is a technique uSed to organize and to subdivide
multiple diverse occurrences of petroleum within a regional trend or within a basin. As
defined by White (1980). a hydrocarbon play is a group of qil or gas fields having
similar geological characteristics including source rocks, reservoir facies, frapping
mechanism, andb hydrocarbon composition. |

Producing fields or other signiﬁcant petroleum accumulations within P.io—
Pleistocene strata were compiled for the West Cameron and western Garden Banks
area usi_ng public as weli as proprietary sources of information. The hydrocarbon
indicators included: (1) Zon‘es of high resistivity difectly observed on well logs: (2)
depths of pérforated intervals recorded on completion cards (subsequently corrected for
| deviation); (3) depths of producing reservoirs reported by NRG Associates (1988): and
(4) symbols on well location maps. The NRG Associates data base also inclddes the
ratio of total liquids versus gas, which indicates the prédominant type or mix of
hydrocarbons produced from each field.

Reservoirs within fields were assigned to stratigraphic intervals and interp(eted
fécies on the basis of depths observed .on electric logs,- depths projected into adjacent
structural cross sections, or depths projected into adjacent interpreted seismic lines.
The hydrocarbon compositions, stratigraphic aséignments. and reservoir facies
designations were integrated with the structural framework to delineate the plays.
Results of the play analysis, which inc.udes fields of all si’zes.‘are sﬁmmarized in
figure 33 and in table 1. |

After establishing play boundaries, cumulativg production and recoverable reserves .
were aggrégated for fields within each play (fig. 35. Append.). The production and

reserve estimates were derived from a proprietary computerized data base provided by
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Table 1. Summary of geologlc charactenstrcs and exploration potentlal
of Plio-Pleistocene hydrocarbon plays :
in the West Cameron and western Garden Banks areas.

Play 1
Hydrocarbon. Type(s): Gas and minor amounts of oil.
Defining Attribute(s)' Progradational rniddlé to late Pliocene shelf margin

Reservoir Facies: Progradatronal and aggradatronal outer shelf and upper slope
sandstones (Bul 1 and Glob a).

Structural Style: Shallow salt spines, shale ridges. and counter-regional growth faults ‘
formed by salt mlgratlon near the upper Miocene contmental margin.

Trapping Mechanisms: Dip reversal and  truncation assocnated wrth growth faults and
shale ridges as well as stratlgraph|c pmch-out

PoSS|bIe Hy_drocarbon Source(s): Subjacen_t lower Tertiary slope 'mudstones.v
Exploratiorr Maturity' Moderately matore to immature

Frontrers. Some untested minor stratlgraphlc traps P055|ble extension of Bul 1
- sandstones. :

errtatrons.
1. Basinward limit of sandstone deposition.
2. Discontinuity of slope sandstones.
3. Possible low recovery efficiency.

| | Play 2
Hydrocarbon Type(s)° Gas. |

Deﬂmng Attnbute(s) Progradational continental margins of upper Pliocene and lower
Pleistocene delta systems and subjacent slopes.

Reservoir Facres. Progradational and aggradational delta- front and slope sandstones
(Lent 1 and Ang B)

!

'Structural Style: Rotated fault blocks assocrated with |ate stage salt withdrawal.

Trapplng Mechanisms: Closure on upthrown snde of faults dip reversals and
' truncations. : :

' Pbssrble HydrocarbOn Source(s): 'Subjacent, lower Tertiary'slope mudstones.
Exploration Maturity: Mattrre. |

. Frontiers: Possible basinward extension of Glob a slope sandstones.
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‘Limitations:.
1. Largest structures have been tested.
2. Discontinuity of slope sandstones

Play> 3

Hydrocarbon Type(s): Gas.

Defining Attribute(s): Progradatlonal continental margin of Middle Pleistocene shelf-
edge delta system and subjacent slope. :

Reservoir Facies: Progradational and aggradational delta-front sahdstones (Ang B and
Hyal b).

Structural Style: Deep residual salt, folds, and extensional faults assocuated W|th salt
withdrawal. -

Trapping Mechanisms: Dip reversal and fault truncation.
Possible Hydrocarbon Source(s): Subjacent lower Tertiary slope mudstones.
Exploration Mathrity: Mature.
Frontiers: Possible basinward extension of Glob a and b_ge_n_tb'l slope sandstones.
Limitations: |

1. Existing well density.

2. Basinward limit of sandstone deposition.

Play 4

Hydrocarbon vape(s): Gas.
Defining Attribute(s): Lower Pleistocene submarine fans and lowstand wedges;

Reservoir Facies: Progradatlonal and aggradational upper slope sandstones (Lent 1
and Ang B). :

Structural Style: Inversion of steeply dipping strata above glide plane and salt
remnants.

Trapping Mechanisms: Combination structural and stratlgraphlc traps. Dlp reversals
and fault truncation against synthetic and antithetic faults.

Poésible Hydrocarbon Source(s): Subjacent lower Tertiary slope mudstones.
Exploration Maturity: Mature.

Frontiers: P0551ble extension of Glob a and Lent 1 slope sandstones to the south
' and west.

Limitations:

1. Basinward limit of sandstone ‘depo'sition.
2. Discontinuity of slope sandstones.
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Play 5
Hydrocarbon Type(s)s Gas.

Defining Attribute(s): Progradational continental margin of middle and late
Pleistocene shelf-edge delta systems

Reservolr Facies: Progradatlonal and aggradational upper slope and delta-front
sandstones (Hyal b and Trim A).

Structural Style: Graben complex formed by regional tensional stresses assocuated
with salt migration.

Trapping Mechanisms: Prominent rollover between regional and counter- reglonal faults
with minor antithetic faults.

: Possible.Hydrocarbon Source(s): Subjacent lower Tertiary slope mudstones.
Exploration Maturity: Mature.
Frontiers: Possible basinward extension of Ang B sandstones.
Limitations:

1. Largest structures have been tested.

2. Basinward limit of sandstone deposition.

Play 6

Hydrocarbon Type(s): Gas and some oil. |

Defining Attribute(s): Upper Pleistocene sand-rich slope systems beneath modern
-slope.

Reservoir Facies: Progradational and aggradational mlddle slope sandstones (Hyal b
and upper Trim A). _ .

- Structural Style: Large. isolated salt domes, counter-regional faults and intraslope
basins.

Trapping Mechanisms: Truncation against counter—reglonal faults or against radial
faults around salt domes.

Possible Hydrocarbon Source(s): Subjacent Cretaceous and lower Tertiary slope
mudstones.

Exploration Maturity: Immature.
Frontiers: Entire play is sparsely drilled.
Limitations: o

1. Water depths exceed 500 ft.

2. Variable extent of sandstone deposition.
3. Discontinuity of sandstone reservoirs.
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Flgure 35. Cumulatlve productlon and recoverable reserves for each Plio-Pleistocene play
in the West. Cameron and western Garden Banks areas. Values for each play represent
aggregated volumes for mdwudual fields estimated by NRG Assocuates (1988). ‘
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NRG Associates (1988). Some field names designated in’ the NRG Associates database
were combined or ‘modified slightly (block numbers were merged) to agree with the

list of offshore fields published by the Energy Information Administration (EIA, 1985).
Play Characteristics and "E‘xploration‘ bP»otenti"al

Volumetric estlmates of recoverable reserves were aggregated to quantify play

" rlchness and to provrde addltronal crlterla for def ining play characterlstrcs (fig. 35

' Append) Play 6, which currently contains slightly more than 30 million boe in
dlscovered recoverable reserves, is the least productlve play but |t is. also the least
explored play. In contrast play 5 has slrghtly more than 329 mrllron ‘boe in 5 ﬁelds
makmg it the richest play on the basrs of total recoverable reserves. Play 4 is a close
~second in total recoverable‘reserves, having about 277 million boe in 6 fields. Plays 3
- and 2 have about 243. million boe vand 1v63- million boe in recoverable,reserv}es
»respectively Play 1 has about 138 million boe but the-gas is‘distribh‘ted in more
than 28 fields that range in size from 1 mrllron boe to 44 m|II|on boe (Append)

The greatest concentration of hydrocarbons in the West Cameron South Addltron
area occurs rn plays 3 and 4. Comblned reserves for 'these» two plays account for
more than one—third, of the total recoverable reserves in the study area (Append.).

" They alsolco'ntain.4 ofvt,he~5 "ﬁelds with the larg_est, recoverable reserves. The
concentration vof recoverable reserv.es i‘n a few medium.vs'izve fields in'.plays 3, 4 _and 5
indicatesj soperiorv_col.lect'lon processes 'and‘ efficient trapping mechaniSms along a

northeast-southwest trend that coincides with the subr_egional structural grain. -
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As of 1988, ‘more than 830 million boe had_ been produced from Plio-Pleistocene
reservoirs, representing approximately 73 percent of the total recoverable reserves (fig.
35. Append.). The ratio of cumulative production to recoverable rese;ves for each field
varies .greatly depending on such factors as date of field discovery, number of |
producing wells, and initial reserves. When aggregated by .pIays} substantial cumulative
production is recorded for play 5 (271.7 million boe), represenﬁng 82 percent of
recoverable reserves. Cumulative production from pnlay_3 (177.1 million boe)', play 4
(152.0 million boe), ahd play 2 (137.6 million boe) represents 73 percent, 55 percent,
and 84 percent of recoverable reserves in each play, respectively (fig. 35). Only
moderate volumes of hydrocarbons have been produced from play 1 (99.7 million boe).
but they represent 72 percent 6f the recoveréble reserves. Cumulative production is
lowest in play, 6 (unreported) ‘because the fields are less than 10 yrs old, but at least
one moderately large field (Garden Banks Block 189) is being developed. Play 5 has
the largest fields and highest vyield of any Plio-Pleistocene play in the study area. but
play 6 has the greatest ultimaté exploration potential beca.use- of the large number of
untested structures (Table 1) |

Hydrocarbon plays were delineated on the basis of available seismic and well
f:ontrol and actual field discoveries. The presence of Plio-Pleistocene deepwater '
sandstones having adéquate (eservbir properties and traces of oil basinward of the
study area underscore the potential for addftional commercial accumulations in play 6
beneath the modern slope (Foote and others, 1983). Although 'geblogical conditions are
favorable for generating.and trapping hydrocarbons in this deepwater frontier area,
economic conditions and inventories of less speculative prospects in much shallower

- water may delay their exploitation.
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Play 1

Play 1 encompasses a large area and contains a large number of ‘hydrocarbon
aécumulatfons (ﬁg 33). Despite these favorable éttributés. it has only moderate '.
hy‘drocarbon éxplorétion and pkoduction potehtia| because of its structural and
stratigraphic setting. Trap-forming structures are ass§ciate_d with shale ridges.' widely-
spacéd growth faults, and a few salt spines (Table 1). These are mainly reactivated
Iate_ Miocene structures that have caused relatively minor defofmation of the Plio-
PIeistbcene strata (ﬁgs. 5-8). Play 1 contains the largest number of gas fields. but
the fields are generally small (léss’ than 20 million boe, Append.) because Iérge growth
faults or salt‘diapirs are absent. An exception is i:he West Cameron Block 280/281
field (ﬁeld 5. fig. 33). which contai‘ns approximately 44 million boe and is the largest
field in the play. The paucity of hydrocarbons in play 1, and in a corﬁparable play -in
the High Island area (Morton and otHers. 1991), may be related to the hydrocarbon
generating potential of the Tertiary source rocks and their maturation history.

Sandstone reservoirs occur in the Bul 1 (unit 1) _G_I_ogg (unit 2), and Lent 1
(unit 3).stratigraphic sequenc_és. These sequences, which thicken basinward (figs. 5-8).
were depésited on the preexisting upper Miocene conﬁnehtal ‘slope. Oﬁter shelf and
upper slope de.lta—frontvfacies of lowstand and transgressive system’s tracts are the
most promising reservoir rocks of the Plio-Pleistocene sequences.

Beneath play 1, middle—uppér Miocene sediments are thick aﬁd composed mostly
of _slope mudstones interbedded with a few thin, discontinuous siltstones. Seismic
profiles display numerous late Miocene istructures such as rollover, dip reversal, and

fault truncation that would act as hydrocarbon traps.(ﬁgs. 5-8), but Miocene
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sandbodiés of reservoir quality are not present. This is because prolonged late Miocene
and early Pliocene flooding of the continental platform caused deposition of
transgressive systems tracts that progressively shifted the shoreline landward and
caused the slope and shelf platform to be sites of mud deposition.

The - density of expldration.wells i‘n play 1 is relatively low and the wells are
concentrated on structural highs. Therefore, the greatest potential for additional
reserves would be in small off-structure stratigraphic traps. Deeper drilling would
provide one possible way of extending the play in limited 'downdip. areas where the |

sand-prdne Bul 1 and Glob a sequences remain untested.
Play 2

Prominent structural features and sedimentary facies define the geological limits of
play 2 (Table 1). The basinward boundary of the play coincides with the basinward
limit of thick Miocene deepWater shale and the Lent 1 shelf hargin (figs. 5-8).
Typical trap-forming structures are large growth faults. including upthrown sides of
some growth faults (figs. 5. 7. and 8). Other hydrocarbon traps are created by minor
faults along the Lent 1 shelf margin and prominent dip revers_al associated with
reactivated buried structures near the updip boundary of the play.

The largest fields in the pfay contain about 30 million boe (Append.). Several of
the largest fields are concentrated in tﬁe southerﬁ and western parts of this play
along an arcuate fault trend and near shallow salt diapirs (figs. 4 and 33). ‘These
deep-seated structures have been periodically reactivated and have also undergone late
stage movement. Most of the structural deformation. however, coincided with Lent 1

deposition. -
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Hydrocarbon reservoirs in play 2 are mostly Lent 1 and Ang B progradational
sandstonés preserved near the top of éach sequence. The reservoir rocks were
~ deposited as highstand and transgressive systems tracts by shelf-edge and platform
delta syste_ms. Hydrocarbons are commonbly trapped beneath the thiék Lent 1 and
Ang B transgressive shales, Which, act as reservoir seals. A few fields in play 2‘
produce from upward-coarsening parasequences near the base or middle part Qf each
sequencé that may represent lowstand systems tract deposits. In the West Cameron
Block 464 and 547 fields, some gas has leaked into the overlying Hyal b sequence
where it is trappe‘d beneath the Hyal b shale in retrogradational sandstones of a
trangressive systems tract.

It is pbssible that play 2 may be extended deeperl if sand-rich Glob a slope
aprons and submarine fans are present on the flanks of deep struétures that were not
bathymétric highs at the time of deposition. The risk of exploration in the area of
possible play extension is increased by the abrupt lateral variations in Iithofaéies and

. greater potential of encountering slope mudstones rather than ‘slope sandstones.
Play 3

The structural style of play 3 is characterized by [arge growth faults with
substantial rollover and by the general absence of shallow piercement domes (figs. 4
k -ahd 33). Former salt structures were mobilized and evacuated in response to rapid

~ slope aggradation and progradation of the Lent 1-Ang B (unit 4) continental platform
| (fig. 7) Moderately Iéfge éhelf—edge deltés deposited thick successions of outer shelf
and upper slope ’sedivments as a lowstand wedge of the Cristellaria S ihterval (fig. 1)

basinward of the Lent 1 shelf margin.
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Play 3 produces gas from a few moderately large fields that contain as much as
102 million vboe (Append.). These fields are associated with expansion of the Ang B
section near the péleoshelf margin and in the édjaceﬁt salt withdrawal basins. Thick.
vertically stacked, upward-coérsening sandstones deposited mainly by highstand and
transgressive systems. tracts serve as reservoirs. Some secondarily migrated gas
accumulated in the overlying Hyal b (unit 5) and Tnm A (unlt 6) sandstones (fg 7).
also deposited by highstand and transgressive systems tracts. These leaked
hydrocarbons are trapped beneath the Hyal b and Trim A transgresswe shales, which
act as the reservoir seals. Shallow gas in the Glob flex sequence also may have
leaked from deeper reservoirs or may be of local bfogenic origin..

Two different structural traps account for most of the fields in play 3. The first
is faulted rollover anticlines downthrown on collapsé faults that rim the northern
perimeter of the play (figs. 4}and‘ 33). The second type of trap occurs along the
. southern margin of the play on the hanging wa" (upthrown) sides of faults where salt
mobilizétion has caused'structura.l inversion and created structural highs (figs. 7 and |
8).

Deeper exploration’for downdip pinchout of the An_g B sandstones represents one
possible strategy for extending play 3. The potential for Glob a and Lent 1
sandstones on the fianks of intraslope basins provides additional exploration targets at
depth (Table 1). Factors possibly limiting deeper play extension are: (1) the expected
discontinuity of Glob a and Lent 1 slope sandstones and (2) the substantial drilling
depths (> 10.000 ft) required to penetrate the objective section in the withdrawal

~ basins.
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Playi 4

‘Play 4‘is the easte'rnr extension of play 3. (fig. 33) and therefore shares many of
the same geological attributes such as the general -absence of s'hallow'salt diapirs, tlie
bpresence of Iarge growth-faults causmg substantial basmward extensron and |
stratigraphlc throw, and the presence of a thick Cnstellarla S lowstand wedge (figs. 5
and 6). A major difference between plays 3 and 4 is in the'oldest producing
stratigraphic sequence.v In play 4 the Lent 1_sequence is _thicker, contains more sand. -
and produces gasv wliereas it is thin‘n"er and non-productive in play 3. The boundary
between plays 3 and 4 is i'mprecise because the Lent 1 correlation is equivocal in
some wells This stratigraphic uncertalnty occurs where the Lent 1 fauna was
‘ reworked and redeposrted with the Cristellaria S lowstand wedge Thus the reported
faunal tops may indicate thatvwells penetrated the Lent 1 section when they actually
stopped in the Cristellaria S lowstand wedée.

_Fields are preferentially located around the‘periphery of play 4. which is defined
by faults (figs. 4 and 33). Structural traps are mainly faulted crests of anticlines '
formed by rollover into the master listric fault, whereas stratigraphic traps occur in
the Lent 1 submarine fans above the decollement (fig. 6). Numerous antithetrc faults
also Create minor structural traps within the submarine fan complex. '

Four stratigraphic sequbences (units 3-6) produce gas in ‘play 4. Oldest reservoirs
are lowstand systems tracts (Lent 1 and. lower Ang B) whereas the youngest are -
highstand and transgressive systems tract‘s.' Field sizes range from one million boe to
.150 million boe (Append.) and the play encompa’sses two of the three largest fields in

the study area (ﬁeldsf59‘and 64, fig. 33. Append.).
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Hydrocarbon reservoirs in play 4 typically are upper slépe sandstohes deposited by
Lent 1 lowstand submarine fans. Sparse well cqntrol indicates. that the underlying
* Glob a interval is mostlyv‘represented by slope mudstones, but some thin and highly |
discontinuous Glob a slope sandstones may have been deposited as a lowstand fan. In
contrast, strata above the Lent 1 transgressive shale were deposited along an unstable
shelf margin and later on a staBIe platform by moderately large shelf—edge. deltas.

Additional deep drilling may encounter Glob a submarine fans or laterally extend
the Lent 1 reservoirs in combination structural and stratigraphic traps near the center
of the withdrawal syn(}:linbe. This dgep play extension involvés greater risk because the
slope sandstones are disco'ntinuobus and may be near the downdib limit of sandstone

deposition (Table 1).
Play 5

Play 5 lies entirely within a §eries of moderately large withdrawal basins bounded
- by the Trimosina regional and counter-regional faults (figs. 4 and 33). This graben
complex (figs. 7 and 8) formed whilé thick wedges of clastic sediments deposited at
the Ang B and younger shelf margins displaced underlying salt; consequently, most
salt structures within the play are deeply buried or absent. Large hydrocarbon traps
were created by contemporaneous rollover into master faults and Sédimentary
downbuilding around residual salt mas;ses. Some antithetic faults having small
displacements at the anticlinal crests also serve as secbndary hydrocarbon traps.

Gas reservoirs in play 5 are composed of» thick upper-slope and delta;front
sandstoﬁes deposited by highstand and transgressive systems tract shelf-edge deltas.

The seals are overlying thick marine mudstones of the transgressive systems tract.
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Play 5 contains more gas than any other West Cameron Plio-Pleistocene play
(Append.) ‘because of the large ‘structural closures, pr'oximity to deep-seated faults, and
excellent seals., | |
| Upper Trim A and middle Glob flex sandstones are primary exploration targets in
play 5 (fig. 6) Secondary accumulatlons are present in ﬂy_l b and Ang B sandstones _
| (fig. 7). Some deep @_t_ 1 (sequence 3) submarine fans may be present in play 5: |
hoWever. the variable extent of sandstones may limit their exploration potential.
vEproratlon targets below sequence 3 are unattractive because the older sequences are

primarily composed of deepwater mudstone (fi gs. 7 and 8).
Play 6

Play 6 is also defined on the basis of structural teatures and reservoir facies
(Table 1). Prominent structural features are Iarge semi-continuous salt massifs and
: counter-reglonal faults that underwent recent movement (F igs. 4 and 9). Most of the
play is. seaward of the extant shelf margin (fig. 33) where water depths range from a
few hru_ndred to more than 3,000 ft (900 m). It includes the western”part of the Plio-
Fleistocene ﬂex‘u‘rertrend, which is an active exploration.'frontier in offshore Louisiana. -
The updip boundary-of play 6 coincides with the Trimosina cou'nter'-reg’ional faolt ‘zone
(fig. 4 and 33). A.vsouther'n boundary was not established_because the basinward limit
of sandstone deposition was not delineated by the available well logs.

Gas productron in play 6 is mostly from upper Trim A slope sandstones
deposrted by lowstand and transgresswe systems tracts. _Iiy_l b and Ang B sand-rich
fans are well devel_oped in play 6 (fig. 21) and extend far doyvndlp beyond the limit
of well control. These Iowstand fans are also potentia‘\l hydrocarbon reserVoirs that |

may produce from Garden Banks Block 191 (fig. 9).
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Judging from recent discoveries to the east (Garden Banks area) and to the west
(East Bre'aks.area). pla\y 6 may contain large resen)es of gavs and some oil. Average
field size is uncertain because of the few discoveries (Append. and fig. 33). but
undiscovered fields may ‘be- moderately large owing to the combination of large
structural closures, trap-forming faults, presence of thick reservoir sandstones, and
impermeable seals. Fields in play 6 are associated with faulted crests aﬁd flanks of
shallow salt structures that have undergone relatively late movement, mostly coincident
with Trim A or later deposition. Fields such as Garden Banks Block 192/236 (fig. 33.
field 86) coincide with sand-trapping paleobathymetric lows that became structural
highs as a result of late salt movement. Late hydrocarbon migration is also indicated
by accumulations in the uppérmost Trim A sandstones.

A significant new field discovery in Garden Banks Block 189 '(ﬁg. 33, field 85)
reconfirms the presence of liquid hydrocarbons in t‘he .Plio-PleistOCene flexure trend
along the upper sIopé. Initial tests of the discovery well in Block 189 indicated a
production potential of 740 bbl of oil/day and 650 Mcf of gas/day.:

The potential for new field discoveries in play 6 is excellent because the number
of wells per unit abrea is extremely small and many large structures remain‘ unteﬁt‘ed
(Table 1). Economic considerations and geological limitations to future exploration in
play 6 include deep wafer drilling sites, downdip limits of sandstone deposition for
some stratigraphic units, discontinuity of slope feeder systems that become highly
digitate in the northern part of the play, and the Iate.structural movement possibly
after hydrocarbon migration that \INouId‘have Iiberated the previously tra_pped

hydrocarbons.
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SUMMARY AND CONCLUSIONS

Plio-Pleistocene depositional sequences of the Westv Cameron and western Garden
Banks areas record major regressive and transgressive events that advanced the
continental margln and snmultaneously deformed the underlying salt. The deposmonal
sequences responded to eustatic sea-level cycles that were controlled by expansnon and
contraction of large contin_ental glaciers in North America. At least eight major
regressive-transgressive genetic sequences are recognized on the basis of well log
interpretations, paleontologic extinctions. and seismic stratal patterns. Each of these
sequences is characferized by as many as three parasequence sets that are local
responses te changes in sediment supply and rates of subsidence. Most of the major.
_depositional episodes lasted between 900,000 yrs and 150,000 yrs with durations
generally decreasing.for successively younger cycles. Abrupt lowering of sea level about
3.0. 24, 16, and 0.8 Ma profeqndly affected the Plid-PIeistOcene stratigraphy and
depositio_nal systems. |

Principal structural features influencing the thickness and attitude of Plio-
Pleistocene sediments are large growth faults, shale diapirs, salt diapfrs. and
~ unconformities. Beneath the modern shelf..farnilies of major‘faults"having large
displacements are oriented ndrthwest—southeast or east-west, representing the shelf
margin orientation as it .advanced basinward. Ages of principal fault systems
progressively decrease basinward except where _salt migration extended the updip
secﬂon and reactivated older fault systems. Structures related to deformation of mobile
sedirnents occuf in four contiguous areas. Shale'v'ridges are prominent andb shallow salt
- domes are rare in the southern part: of the West Cameron area where sand-rich Plio-

Pleistocene sediments are 'only' moderately thick. In the adjacent West ‘Cameron South
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Addition area, thick sequences of Plio-Pleistocene sediments have caused the almost
complete evacuation of salt. Shallow diapirs are absent and only thin salt sheets
remain below the listric faults. On the modern slope, lavrge salt diapirs are shallow
and widely spaced. They form semi-continuous massifs and counter-regional faults,
relieving the tensional stresses radiate from and interconnect the domes. Ervosional
unconformities are locally confined to the domes and salt-cored faults except for
areally limited disconformities associated with failed paleo-shelf margins.

Plio-Pleistocene deposits record a thick, overall upward-shoaling succession,
reflecting the progressive basinward advancement of thg shelf margin and construction
- of the continental platform. This svuccession is punctuated by thin, upward-deepening
units. Oldest strata are pelagic and hemipelagic mudstones and turbidite sandstones
deposited on the middle‘ and upper slope by lowstand submarine slope aprons. ‘The
sandy slope aprons wefe fed by small mud-dominated ﬂuvial systems supplied by
trunk streams flowing from the northwest and northeast. Repeated outbuilding and
-upbuilding of the continental platform continued- as shelf-edge deltas prograded onto
the former slope. As available accommodation space was filled, shallow-water deltas
built a broad aggradational platform.

Major regressionsv initiated by falling sea level phases about 2.4 and 1.6 Ma were
- perhaps the most important depositional events in terms'of‘ shelf margin progradation,
salt reorganization, fault'generatidn. fault reactivation,. and'hydrocarbon entrapment.
The youngest Plio-Pleistocene strata (younger than 1.4 Ma) are products of repeatéd
progradation and retrogradation‘that occurred in response to rapid sea-level
fluctuatibns. Minor entrenched valley systems were filled with aggradational fluvial and
estuarine deposits and transgressive marine mudstones deposited across the former

coastal plains. These sediments are volumetrically unimportant but geologically
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significant components of the paralié deposits that acc’ﬁmulated landward. of the shelf
margin. Pathways of sand transport assoéiated with principal fluvial systems and slope
systems were locally altered by paleo-topographic and paleo-bathymetric h‘ighs that
diverted currents. Similarly, locations of the Iafgest fluvial-deltaic systems were
influenced by antecedent topography and n‘ewly created accommodation space. vPlio—
Pleistocene sedvimbents. deposited near or above Wavebase contain ‘an unusually large
fine-grained component preferentially preservéd as a result of the fluvial dominance of
mud-rich deltas. Furthermore, the high rates of subsidence and sedimentation allowed
little time for wave reworking and removal of mud.

About 100 fields have béen discovered in the western Louisiana sector of the
~ Plio-Pleistocene trend. .Hydrocarbons are produc;.ed at dgpths ranging from 1,500 to
14,000 ft (457 to 4270 m): however, most pfoductio'n_ comes from 6,000 to 10.000 ft
(1830 to 3050 m). Most of the fields produce either dry gas or gas and condensate.
A few fields producé minor amounts of oil in addition to gas. Most 6f the oil is
produced from young reservdi‘rs in fields beneath the present-day slope.

- Plio-Pleistocene fields typically are small and contain less than 10 MMboe but a
few large fields contain more than 100 MMboe. Largest fields are Iocafed near the
| largest deep-rooted faults. The faults acted és conduits for fluid movement from late
Tertiary mudstones into more permeable Plio-Pleistocene reservoirs. Estimated
recoverable reserves for these fields is slightly more than 1.1 billion boe. Lowstand
slope apréns and lowstand wedges account fpr the largest volume of reserves, but
highstand and transgressive systems tracts (youngest retrogradational phases of Trim

A. Hyal b. and Ang B) also contain signiﬁcént reserves.
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Fields producing from Plio-Pleistocene strata are divided into six exploration plays
on the basis of structural style, reservoir facies. and hydrqcarboh c;)vmposition. Fields
in play 1 are small (< 20 MMboe) and producé mostly gés. The traps formed by
fault truncation and stratigraphic\ pinchout. Reservoirs are primarily lowstand slope
vapr'o‘n deposits that range in ége from Bul 1 to Lent 1. Play 1 includes the largest
numbér of Plio-Pleistocene fields or accumulations (26) vbut it also has the least
structural deformation and lowest potential for large field discoveries.

Play 2 also encompasses a iarge number of ﬁ_elds or accumulations (22) that
producer primarily from _delta-ffont and slope sandstones of the Lent 1 ’an‘d A_ng B
genetic sequences. | |

~ Play 3 is defined bby a Iar‘ge; area of salt withdrawal that 'accomp.anied extensive
, progradatidnv of the continental platform. Shallow salt structures are rare in this‘ play.
Thick, upward-coarsening Sandstones deposited by Ang B shelf-edge deltas serve as
the primary gas reservoirs."

Play 4 is similar to play' 3 in its struct‘ur‘al setting. Shallow salt is absent and
~ some production is from reservoirs deposited by Ang B shelf-edge deltas. A major_
difference, however, is the thigk successions of Lent 1 slope sandstones that produce
gas from combination structural and Stratigraphic traps. Togetherlp-lajs 3 and 4
contain the highest "concent:ration of hydrocarbons of all the strike-aligned fault
bounded trends. '

Play 5 encompasses the largest fields and produces from broad rollover anticlines.
These structures formed in a grabén complex created by tensional stresses between

regional and counter-regional faults and antithetic faults between the Hyal b and Trim

A shélf margins.
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Play 6 produces gas ’and» some oil from moderately !arge fields. Field size may be
larger than average owing to the broad structural closures associated with growth
faults and semicontinuous‘sait‘massifs. Play 6 has the ;‘Iow‘est‘.welli density and
~ greatest exploration 'po’tential of all the PI_io-PIeistocene plays.

All six. plays offer some potential for new field discoveries and reserve growth.
‘Undiscovered shallow gas, reserves are probably present in plays 1 and 2 as smallv
accurnuiations along minor faiilts. Reserve additions in most oi the other v‘plays yyill
probably‘ come from deeper drilling of older structures and deep flanks of salt domes,
and from stratigraphic traps on the margins of intrasiope basins. The greatest
exploratron potentral for srgnrf cant oil and gas reserves is assocuated with play 6
where large structures remain untested. The most attractive prospects in play 6 occur
where large_ salt diapirs h_ave elevated post-@l 1 slope sandstones to structuraliy
high positions. Hyd’rocarbons shouldl.be trapped where structural in_version tocused the

migration of fluids and seals prevented leakage of petroleum to the surface.
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APPENDIX: Tabulation of Plio-Pleistocene fields by play.
1988 recoverable reserves and cumulative production are from NRG Associates database. Field

identification (IID) numbers appear on figure 33.
PLIO-PLEISTOCENE RECOVERABLE RESERVES AND CUMULATIVE FIELD PRODUCTION

Cum

ID : Recov Res Prod
No. Field Name . 1988 1088
Mboe Mboe

Play 1

West Cameron Blk 264

1 . -
2 West Cameron Blk 265 - 11230 9233
3 West Cameron Blk 276 - : -
4 West Cameron Blk 277 - -
5 West Cameron Blk 280 44700 37798

87 West Cameron Blk 285 - -
6 West Cameron Blk 339 - -
7 West Cameron Blk 353 21000 18782
8 West Cameron Blk 359 - -
9 West Cameron Blk 364 ' 1015 6
10 - West Cameron Blk 367 - -
11 West Cameron Blk 368 10330 1177
12 West Cameron Blk 369 - -
13 West Cameron Blk 370 : 5620 810
14 West Cameron Blk 379 3000 257
15 West Cameron Blk 381 , ‘ - -
16 West Cameron Blk 391 ‘ 1280 89
17 West Cameron Blk 406 10835 8959
18 - West Cameron Blk 409 10330 8411
19 West Cameron Blk 414 ' - h -
20 West Cameron Blk 420 3560 753
21 West Cameron Blk 421 - , -
22 West Cameron Blk 425 - -
23 West Cameron Blk 427 3565 2093
96 West Cameron Blk 433 E - -
24 West Cameron Blk 436 11800 11344
97 West Cameron Blk 437 - - - -
25 . West Cameron Blk 447 - -
TOTAL 138265 99712
Play 2
26 West Cameron Blk 456 - -
27 West Cameron Blk 457/458 - -
28 West Cameron Blk 459 8300 5703
29 West Cameron Blk 463 - -
30 - West Cameron Blk 464 : 14270 9277
31 West Cameron Blk 480 33855 31929

32 West Cameron Blk 487
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‘33

35
36
37
38
46
90
39
40
41
42
43
44
45
- 47

TOTAL

48
49
91
50
88
94
51
92
52
53
54
55
93
56

TOTAL

57
58
59
60
61
62
63
64
65

67
68
97
69
70

TOTAL

West Cameron Blk 491 - -
West Cameron Blk 492 - -
West Cameron Blk 493 - -
West Cameron Blk 493 21960 20054
West Cameron Blk 504 5640 3215
West Cameron Blk 507 21530 13445
West Cameron Blk 509 - -
West Cameron Blk 508/509 - -
West Cameron Blk 513 5530 5530
West Cameron Blk 518 - -
West Cameron Blk 522/543 31250 30694
West Cameron Blk 523 - -
West Cameron Blk 540 10725 9189
West Cameron Blk 541 - -
West Cameron Blk 542 - -
West Cameron Blk 547 9675 8552
162735 137588
Play 3
West - Cameron Blk 537 31800 15022
West. Cameron Blk 551 - -
West Cameron Blk 561 - S -
West Cameron Blk 563/565 102570 69265
West Cameron Blk 564 - -
West Cameron Blk 566 - -
West Cameron Blk 566/570 -
West Cameron Blk 572 ' - -
West Cameron Blk 573 2025 1193
West Cameron Blk 575/584 : -
West Cameron ‘Blk 586/595 12875 12239
West Cameron Blk 587 93673 79385
West Cameron Blk 589 - -
West Cameron Blk 592 - -
242943 177104
Play 4
West: Cameron Blk 530 1000 93
West Cameron Blk 531 - -
West Cameron Blk 533/EC 281 150200 126282
West Cameron Blk 534 - -
West Cameron Blk 536 8650 4668
West Cameron Blk 552/560 3500 2343
West Cameron Blk 554 - -
West Cameron Blk 556/EC 299 96000 6841
West Cameron Blk 575 - -
West Cameron Blk 560 4070 2991
West Cameron Blk 576 13870 8810
West Cameron Blk 583 - -
West Cameron Blk 599 - -
West Cameron Blk 600 - -
West Cameron Blk 601 - -
277290 152028
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71

73
74
98
100

76
83
7
78
79
80
81
82

TOTAL -

84
- 89
85
86

TOTAL

Play 5

114

West Cameron Blk 597 - -
West Cameron Blk 604 - -
West Cameron Blk 612 - -
West Cameron Blk 617 122160 115356
West Cameron Blk 618 - -
West Cameron Blk 619 - - -
West Cameron. Blk 620 38600 33592 -
West Cameron Blk 624 - -
West Cameron Blk 628 38000 26150
West Cameron Blk 630/637 30450 17059
West Cameron Blk 633 - -
West Cameron Blk 639 78600 54734
West Cameron Blk 643 52010 41874
West Cameron Blk 645 - -
West Cameron Blk 648 - -
329370 271706
Play 6
West Cameron Blk 661 - -
West Cameron Blk 663 - -
Garden Banks Blk 189 - -
Garden Banks Blk 236 30000 -
30000 -



