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ABSTRACT

The Pllo-Plelstocene hydrocarbon falrway of offshore Louisiana is restricted to
the outer contmental shelf and upper contmental slope where a thick wedge of
: ‘nearshore and deep ‘marine sedlments was deposited. Electric logs, paleontological
reports and seismic_profiles form the basis for (1) dividing the wedge of Plio-
Plerstocene strata mto eight genetic sequences. (2) establishing the structural
framework, (3) determmlng the t|m|ng of deformatlon and (4) mapping the prmcrpal
deposmonal 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 basm are highly. variable owmg to contemporaneous sea-level fluctuations, salt
migration, and shifting sites of deItarc shelf and slope sedlmentatlon The resultmg
~ complex geologrc history of this part of the basin dlrectly controlled the generation,
migration, and entrapment o,f, hydrocarbons. |

 The early PIiOCene‘was a period of continental pIatform inundation-and

deposition of a thick succession of marine mudstones.vA‘bout 3 Ma this monotonous_'
v‘ accumulation of deep~wa‘ter mudstone was interrupted .‘by deposition of sand—rich‘
submarine channels and fans associated with a Iowering of sea level. These lowstand
deposrts extended at least 55 mi (90 km) basmward of the paleomargln ‘Overlying
Plelstocene sedrments were deposrted mamly by progradlng mud-rich fluvial- deltalc -
systems of moderate size. These r|vers and shelf—edge deltas constructed a broad
~ continental platform that burled the submarine fans and prograded the shelf margin
iapprommately 70 mi (110 km) basmward Durmg this rapld outburldmg slumplng and
other gravrty dnven mass transport processes removed sand- nch delta- front sedrments
,.from unstable shelf margms and redeposrted them on the contlnental slope'.» i
Pllo—PIerstocene reservorrs in the West Cameron and western Garden Banks areas

contain more than 11 bllhon barrels of oil equivalent in at least 100 different fields:
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~or local accumulations. Most of the fields are located near: faults associated with late
salt movement although a few fields are located near shallow salt diapirs. Salt is
normally preserved at great depth in thin sheets beneath listric faults or is absent as
a result of prolonged evacuation. The fields are grouped into six exploratlon plays on _‘ i
‘,the basis of stuctural style, reservoir facies, and hydrocarbon composmon. The most
‘proliﬁc play“is. characterized by‘stacked delta-front reservoirs producing from broad
“rollover anticlines that formed in a gr'ab'en complex between the Trimosina regional
and coun‘ter-regional fault systems. Each) play primarily produces gas although some
oil is produced from fields beneath the continental slope. New ﬁeld discoveries or
reserve growth are likely in all six plays as a result of deeper drilling or off-structure
‘exploratiOn in former intraslope sub’—basins.

Keywords: genetic sequence, depositional sy-stem. Gulf Coast. hydrocarbons, Plio-

Pleistocene, offshore Louisiana
INTRODUCTION
Regional Setting

The Texas Loursrana outer contmental shelf and slope comprise the Iast large
frontrer for hydrocarbon exploratlon in the northern Gulf of Memco By industry
standards thls is a relatively young productlve trend since active drlllmg in relatlvely
deep water began only a few decades ago. Before 5|gn|f'cant PI|o—PIe|stocene
'dlscoverles ‘were made, this frontier provmce was con5|dered unfavorable for petroleum
‘exploratlon becausethe geologlcally young and thermally lmmature sedrments were 5
thought to be def'crent in sandstone reservoirs, and thus severely limited ‘in therr

potential to generate and store hyd,rofcarbons. o



| As exploration of the-outer continental shelf n1atured, the search for si‘gniﬁcant
- Plio-Pleistocene reserves focused on the adjacent continental sIope. In this deep—vvater
'~ play. known a:slb the flexure trend, salt structures and sand-rich v'turbidite.s have
- combined to trap slgniﬁcant accumula‘tions of hydrocarbons. Interest in the deep-_'.‘,
water play has continued to be stimul'ated ‘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 ex’tremely deep water (more than 8000 ft,
[2440 m] deep) as a result of new concepts of salt deformatlon and new strategles
~for exploring beneath the sheets of aIlocthonous salt.” Turbidites of late Neogene or
Quaternary age are the primary exploration targets in this deep- water subsalt play |

‘ Reservorr-quahty sands present in the Mississippi fan (Bouma and others 1985) :
and in a Miocene abyssal plain fan (Stuart and Catjghey 1977) are encouraging
evrdence that similar sand-rich turbidites are present upslope of the abyssal plain.
Recent drilling in water more than 4000 ft (1200 m) deep has conf'rmed the
presence of Plro-Plerstocene sand-rich submarme fans that erl extend the search for
~oil and gas farther basinward. Only the extrentely high costs of production at these _
water depths have prevented development of new reserves d|scovered on the mlddle
slope “

The regronal geologic settlng and general hlstory of the Pllo-PIelstocene

producing trend in the western Gulf Coast Basrn have been prevrously descnbed
(Woodbury and others, 1973 Caughey 1975 Poag and Valentlne 1976; Sheffield,
1978). A few published reports provide detalls about local structures,;\paleontologlcal
zones, hydrocarbon traps ‘and‘fa‘cies changes (_Stude. 1984; Reed and others, 1987;
Austin, 1988; Hidle and Wright, 1988) but no regional maps have been published
that emphasrze stratrgraphrc sequences, sand dlstnbutlon and hydrocarbon plays m :

‘ the West Cameron and Western Garden Banks areas



The primary purposes of this study are»(l) to describe the structural and
stratigraphic framework of Plio-Pleistocene strata in southwestern- offshore Louisiana.
(2) ito determine the_dependencies among ‘hydrocarbon reservoirs.v genetic sequences,
- and depositional systems tracts, and (3) to evaluate the remaining exploration
potential of the region. This ‘w'as accornplished by extending interpreted cross sections-""’
(Morton and Jlrlk 1989; Morton and others, 1991) into the West Cameron and
western Garden Banks areas, mapping the pnnapal Plio-Pleistocene genetlc sequences
(f'gs 1 and 2) and related deposmonal systems, mterpretmg their geologic histories,
and summarlzmg the phy5|cal attrlbutes of the associated hydrocarbon plays
Comparable Plio- Pleistocene genetic sequences were previously correlated and mapped

in the adjacent High IsIand and East Breaks areas (Morton and others, 1991).
Sources; of Data
Electric Logs

A principal database for ‘this‘study was apﬁp‘roxirnately 270 geop‘hysical ‘logs. ofj‘
wells penetrating part or all of the‘PIio-’Pleistocene. section:"'Tnese Well,logs:were ,
correlated to prepare regional‘cross sections :(Pls‘. 1-3) and supplernentary subregional
: sectrons The network of cross sections and a grid of regional seismic Imes was used
to establlsh the structural fabric and stratlgraphlc framework and to mterpret the
_styles of mtrabasmal deformatlon

Electnc Iog patterns were used to mterpret genetic facies and to reconstruct the
|ateral extent and attrrbutes of the prmcrpal deposrtlonal systems The Iog patterns
were used W|th paleoecological mformatlon to determme deposmonal envrronments

because contmuous core samples of representatlve Irthofacres were unavarlable for
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examination. The electric log patterns represent the entire spectrum of water depths

‘and depositional settings ranging from nonmarine to abyssal plain environments.
“Paleontology Reports

Detailed‘paleontology reports"or rebortivsumr_‘naries were obtained for
‘approxinqately‘ tvl/o—thirds of the v‘vells‘u'sed for vcorrélation.lThese reports contain
depths of extinctidn vhorizons for common benthic’vand ‘planktonic foraminifers -
including “some nannofossils. The report surnmarie‘s also‘contain lnforrnation al)out "
paleoecozones that can be used to infer paleobathymetry.b

Correlation of some electric logs relied on lithostratigranhic ma‘rkersb rather tha‘n
biostratigraphich markers because some reported :extinction horizons in nearby wells |
appear to be out of place. ,Discrepeneies in reported bidstratigraphic tops can result
from (1) changes in depeSitional environments over geologic time (facies changes
cause ubdip suppreeslon or‘downdip elevation of faunal occurrence). (2) sediment
reworking and»fau'nal displacement (first downhole occurrence is above the extinction
horizen), (3) section om‘is‘sion (first downhole occurrence is below the extinction
horizon because of erosional unconformity or faulting) (4) drfferences in sample ey
quality and processmg and dlfferences in well- sample mterpretatlon by mdlwdual
paleontologlsts For purposes of reglonal mappmg these dlscrepenCIes are
accommodated by using the most consistent blostratlgraphlc position reported for
‘wellsmthearea ‘ ‘ o
In thls study, the Angulogerina B (__g B) honzon (ﬂgs 1 and 2) is the least
“reliable bnostratlgraphrc correlatron marker for two reasons. First, the A_g B fauna
-appears progressnvely hlgher (clrmbs) in the sectlon in updip wells Locally the |
dlachronous extmctron ‘may_ be enwronmentally controlled or it may be a result of

uplift, erosion, and redeposition ,of the An'g B fauna. The Ang B marker is also' :
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difficult to use because the fauna is absent in downdip positions.- The fauna is
probably absent basinward of its- paleo-shelf vmar'gin because'the deep-water
" environment prevented habitation by the benthic foram.

Mlnor correlatlon problems ‘can arise when the extinction horlzon of the

planktonlc foram GIoborotalla miocenica (Glob m) is slightly below or above that of

the benthlc foram Lenticulina 1 (Lent 1). Because the benthic and planktonic foramS'
‘are used as time equivalents, the sllghtly younger Glob m pick requires a slight - ‘
adjustment of the mapping horizon. |

Biofacies ‘suppression of marker fossils can ’albso cause minor’discrepanc.ies
between electric log correlations and ibiostratig}raphi(‘: horizons. Biofacfes suppression
occurs when time—equi\ralent beds deposited Kin'shalblow 'water do not contain the
‘d_iagnostic‘species. In the southern West Carneron area, the Lent 1 top is suppressed

because transitional brackish-water sandstones occupy the equivalent stratigraphic

position. Glob miocenica is also missing from the updip sediments because the
pl.anktonic‘foram did not live in shallow water that prevailed as the shelf platform
sloWIy subsided. In this same updip area, erOSional ‘contac.ts and obvious onlap are
‘conspicuously absent above the Lent 1 map horizon. suggesting that the post—L_erlt_ 1
sediments are largely conformable or relief of merged »unconf’o_rmities is helow the
“limit of seismic resolution. |

Some paleontology reports use a conceptual glacral stage name (Basal

- Nebraskan) to represent the condensed section contammg the extinction honzon of

" Globoquadrina altlsplra (Glob a) Thls substltutlon is supposedly justified because the

- faunal extmctlon comcrdes with a perlod of accelerated cooling and expansnon of
: contmental glauers in North Amerlca In th|s report aIl mapping honzons are
|dent|Fed by paleontologic names to avoid confusmg contmental ‘glacial terrn‘molo'g‘y[

with subsurface Plio-Pleistocene sequence boundaries.

12



Seismic Profiles

A grid of recent high-quality multi-channel se_ismic lines, which covers more than
1550 mi (2100 km) of the study area, was interpreted using prominent seismic
reflections. These strong reflections closely correspond to extinction horizons
documented on well logs. Some of these mapping horizons also coincide with marine
condensed sections as defined by Loutit and others (1988) and van Wagoner and
others (1988). Seismic facies patterns were interpreted using the nomenclature and
concepts reported by Sangree and Widmier (1977), Brown and Fisher (1977), Stuart
and Caughey (1977). Sangree and others (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 and shadow zones beneath faults
mask many of the reported unconformable sequence boundaries (Haq and others,
1987) and obséure the details of stratal patterns at those boundaries. These
~limitations prevent mapping of stratigraphic units exclusively on the basis of seismic
characteristics.

At the dépositional (progradational) break in slope, or shelf margin (fig. 3)
seismic characteristics change from variablé—amplitude, parallel, nearly Horizontal
reflections to Wavy or convex-upward clinoforms. Some changes ‘in‘reflections are
expressed as double inflection points seen along dip profiles. These inflection-point
couplefs may represent gradient changes at the delta-plain/shoreface interface and
shelf-edge/slope interface. Other seismic features uséd to identify shelf margins are
the number, spacing, and displacement of contemporaneous faults and intraformational
slumps signifying former unstable slopes.

Seismic facies pattérns provide some highly interpretive criteria for predicting

lithology. However, different lithologies can produce similar seismic responses. For
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exam‘ple. 'simple genetic sequences commonly exhibit a systematic arrangement of five
. seismic facies that are pfoducts ef the principal regressive—transgressive eyents. In
coastal and shelf areas, (1) yariableeamplitude, parallel to wavey, discontinueus |
reflections pass downward -and basinward into (2) high-amplitude, parallel, continuous :
reﬂections. In turn, these reflection patterns‘and (3) low-angle oblique (clinoform) |
" reflections pass downward and basinward into (4)‘varviable-amplitude. discontinuous,
“hummocky and mounded reflections. These Iowefmost reflections are typically
| ~onlapped and overlain by (5) thin, h,ig.h—amplitude, parallel drapes. This idealized
seismic faciesarchitecture corresponds rto a progradational, upward-coarsening
sequence of muddy outer shelf and upper ‘slope slump deposns (selsmlc facies 4)
overlaln by mterbedded muddy and sandy prodelta sedlments (selsmlc facies 3)
which, in turn, are overlain by sandy nearshore deposnts (selsmlc facies 2) and
interbedded sandy and muddy fluwal and coastal—plaln deposits ,(selsmlc facies 1).
After abandonment, the distal progradational wedge is onlapped by hefm"ipela‘gic mud |
drapes (seismic facies 5) cdnfOrming to the abandonment surface. ”

kSeism‘ic eXpressiens of deep-water deposits are somewhat different from tnose of
~the shallpw water deposits. Upward—coarsening idn‘traSIOpe basin deposits are
cha‘racterized By a basal, ‘acoustically transparent zone overlain by parallel
di’scont‘inuous reﬂections and'an uvpper‘zone of thin, pa.rallel continuous reflections.
This sequence represents coarse turbidities (.sand and mud) overlain by widespread :
con,tinuous drapes of pelagic and hemipelagic mud ;('Beuma 1982).

The thickness of selsmlc sequences may help dlfferentlate the types of deposn:s o
,iFor example mdwndual parasequences of mtraslope basm fill typlcally are much |
; »thmner (<oO. 25 sec two—way travel tlme) than progradatlonal wedges (0 5 to 1. O sec

two- way travel time) that constltute entlre genetic sequences

" Climate and Eustatic Fiuctuations
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. During the Plio-Pleistocene Epoch, global temperatures fluctu‘ated in response'to
| changes in solar radiation that were driven'b_y'osdllations of the Earth's orb}itr
(Frakes, 1979). Warmer temperaturesr‘ melted continental ice sheets a.nd raised sea’
level whereas cooler temperatures had the opposrte effect on the hydrosphere At
least elght major eustatic cycles have affected rates of sedimentation and loci of
deposrtlon in thefnorthern Gulf of Mexico during the past 3.0 Ma (Beard and others.
1982). e B

: Two episodes of intense glacratlon permit correlatron of contlnental glacral
dep05|ts with the deep marine record. The first srgnlf'cant glacral period was
produced by pronounced coollng about 3.0 Ma when extenswe glaciers formed in -
northern Iatrtudes Temperatures durmg this cooling trend were coldest about 24 Ma
‘ (Beard and others 1982) and caused the lowest sea level. The second intense

glacratlon was caused by decreased temperatures about 1.6 Ma that initiated the

‘ perlod of rapld temperature fluctuatrons and frequent shifts in coastal onlap (fig. 1)

Pliocene-Pleistocene ‘Boundary

There is still disagreement regarding the ag‘e‘and biostratigraphic position o_f,the",.;

'Pliocene-PIeistocene boundary in the Gulf Coast Basinv‘because'different criteria can i

be used to define the boundary Ages commonly grven for the boundary include: (1)
28 Ma correspondmg wrth a major cllmatrc change especrally in the northern

% hemlsphere (Beard and others' 1982) (2) 2.2 Ma “coinciding with the extlnctlon of

,Lentlculma 1 (Stude 1984), ( ) 1.85 Ma (Haq and others, 1987) to 1.75 Ma (Poag

- and Valentme 1976) correspondmg to the extinction of Discoaster brouwerr and (4)

1.66 Ma (Palmer 1983) relylng on radrometrlc correlatlon wrth the Itallan type 'V»

section.



- Although it was not used as a mapping datum in this study.' the Pliocene-
Pleistocene boundary is placed at about 1.75 Ma (ﬁg. 1). ‘This age and stratigraphic
position are defined on the basis of nannofoyssils in cores and well cuttings from the

deep Gulf of Mexico and are accepted by most Gulf Coast stratigraphers.r
STRUCTURAL FRAMEWORK

The Gulf Coast Basin “formed by .therma.l-relaxation and downwarpfng of oceanic
crust after Mesozoic rifti‘ng of‘ the “Gulf of Mexico.‘ The Plio-Pleistocene depocenter
Iies near the transitional boundary that separates basin—centered oceanic crust from
rifted transitional crust underlying the shelf b(Buffler and Sawyer, 1985). Beneath the
outer sheIf and slope, salt of variable thickness overlies presalt sediment and;oceanic :
crust (Hall and others, 1983). Selsm|c prof'les from the deep Gulf show that
allochthonous salt sheets are bemg extruded over younger sedlments near the Sigsbee
Escarpment (Amery, 1969; Buffler and others, 1978; Watkins and others 1978;
l\/lartln. 1980)'and beneath the upper slope. Basmward flow and intrusion of salt are
thought to be caused by lateral loads exerted by the upslope sediment prism as ‘well
as the evolutionary history of thick salt deposits as they are deformed from salt
“sheets into walls, diapirs, and back into e)'(tens‘ive salt sheets (Jackson and Talbot,
1086). | |

Secondary structural features wrthm the basm f'II were formed principally by

gravrty driven tectonrsm Most of the features occur near the paleoshelf margins and

. were created by tensronal stresses and moblhzatlon of salt and deep-water shale The; b il

dommant features are Iarge growth faults salt dlaplrs withdrawal basms and Iocal
unconformities (ﬁgs 4-9). Structures observed on seismic profiles are entrrely w1th|n ‘
the sediment column and are above the basement however the mobile salt Iocally ‘

" serves as a detachment surface (f'gs 5 9) Salt deformation can be grouped mto

16



" three broad zones, a shallow northern zone..a deep intermediate zone, and a shallow
southern zone. Thick successions of middle and u’pper' Miocene slope mudstones
overlie salt in the, northern part of the study area‘. These Miocene sediments
progressively thin basinward reflecting the near surface position of salt beneath the
late Miocene slope. | e | |

Most of the regionally extensivejg'row'th faults are aligned northeast—southwesti_‘,
(fig. 4). Less common alignments of fault traces are northwest-southeast and east-
west. These alignments‘indicate that the principal directlon of‘extension ‘was to the
south The acute mtersectlon of fault sets and variable orlentatlons are related to
local stress felds associated with the complex interplay of shelf margm deposrtlon‘
and salt moblllzatlon. Some fault segments are oriented at high angles to the
~primary faults. They‘ are known as cross faults or oblique transfer faults (Gibbs,
1984) because they accomodate different magnitudes,of extension along the master
.‘ fault. | |

In relatively old‘ basins with variable subside‘nce histories renewed movernent

along basement faults may affect the posmon and onentatron of younger structures
(Hardlng and Lowell, 1979). Prlmary allgnments of structural features in the Plio-
| Plelstocene depocenter comude remarkably well wrth orientations of an outer s
basement high and related transform fault systems proposed’ by Hall and others
(1983) Close allgnment of basement features (Prlger and Angellch 1984) with

relatively young syndeposrtronal structures suggests that plate movement may

contmue to exert a strong mfluence on regional stress patterns If shallow structures

are partly related to crustal deformatlon. then the frac_ture patterns within the
basement may be propagated into the sediment column by periodic _minor

. adjustments along megashears and other zones of crustal ‘'weakness.

- _Prln_cipal Structural Features

,:1].



Extensional Faults

Major growth faults disrupting Plio-Pleistocene strata form three classes: (1)
regionally extensiveexpansion faults that roughly parallel the contemporaneousfand'»
former shelf margins, “ (2) subparallel counter-regional faults that correspond to and.
form basinward of the precedlng class of faults but have the opposite displacement,
~and (3) highly arcuate faults (collapse structures) that circumscribe well defined salt-
wrthdrawal basms The term counter-reg|onal fault is used because some up- to—the—
basin faults are not antithetic to major synthetlc faults furthermore, most antlthetlc -
faults are secondary features that onIy cause mmor stratrgraphlc displacement (f'gs
5-9). Reactivation of older faults and several stages of faulting are common owing to
the episodic movement of salt and migrating sites of diapirism.

Contemporaneous growth faults form where the shelf margin is convex- upward
' and laterally unconﬁned ina basmward direction. The over—steepened profle and Iow
sediment strength create slope mstabllltres that promote detachment and downward
rotation of large fault blocks. Slope failures range in scale from small rotational
slump blocks and slides within a‘single. relatively thin depositional sequence to
extremely large translation and rotation along regional growth faults The concave-
upward surface of the mrddle slope may be hlghly faulted or relatlvely unfaulted
vdependlng on the cohesweness and stress state of the underlylng strata Theones X

explaining the mechamcs of faultmg the geometrles of growth fauIts and thelr S

dependency on the competency of beds and rates of deposrtlon were presented by 5

Bruce (1973) Darlly (1976) and Crans and others (1980)
ln map vrew _most fault traces : are subparallel semi-continuous, and have down—"v
| to—the—basm drsplacements (ﬁg 4) that cause abrupt increases |n stratlgraphlc

‘ thlckness Some up to—the—basm faults are small, graben formlng antlthetlc (stress :
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relief) faults that terminate against the basinward side of the primary fault. B‘eca'use
of their small displacement, these antithetic faults are not shown on fig. 4./Counter-
ll,regional faults having large displacements commonly occur along the basinward
margin of withdrawal synclines. The most continuous counter-regional fault system

having the greatest displacement is a product of simultaneous salt withdrawal and

diapir growth. This fault system formed along the Angulogerina B-Hyalinea balthica

upper slope during and afterdeposition of ‘the Trlmosina A (Trim A) sediments (fig.

4). Vertical angles of the oldest fault planes are low because they have undergone
some rotation as a result of extension and salt reorganization.
Three zones of counter—regional faults (fig. 4) mark major boundaries of salt

moblllzatlon The oldest (Bullmmella 1 and Globoquadrma altrsprra) counter-reglonal

“faults occur basmward of the upper Miocene shelf margin near the updip limit of
; »shallow salt dlaplrs Together the shallow salt dlaplrs and counter-regional faults
mark the transrtron between deformed shale structures to the north and deformed
; salt structures to the south. The second zone of counter reglonal faults occurs near
‘the Tr|m A shelf‘margin. This. fault zone also' coincides with the transition between
rsolated salt draplrs of moderate size beneath the modern shelf and larger, more
“continuous salt massrfs beneath the slope. The thlrd zone of counter-regional faults
is Iocated on the slope.. The faults occur above nearly continous salt massifs and
reflect relatively recent salt moblllzatlon mfluencmg post Trim A sediments. These
- faults intersect the seafloor and create escarpments havmg local relief of as much as"",‘,*
1000 ft (300 m). | | s |
Collapse faults tend to be local features or onIy subreglonal in therr extent They
»are younger toward the margin of the wrthdrawal synclme because support is
progresswely removed away from the syncllne axis as salt is evacuated. Th|s process
can cause massive sedrment fallure around the margins of the W|thdrawal synclme

and abrupt local thickening of sediment within the syncline.
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Shale and Salt Diapirs

Basinward displacement of strata initia‘ted'in the zone of extension is transferred
- downslope along glide planes coinciding wi_th intra.stratal,diScontinuities __such,as" |
N unconformities and bedding surfaces. According to deformation theory, extension n_'ear‘

- the shelf margin and ,tranSlation across the upoer slope (gravity gliding) ‘must be

balanced by compression farther down the slope. Along most active shelf marglns
compressmn occurs on the middle to lower slope where shale ridges and small thrust_
faults originate. Compressmnal stresses extrude undercompacted overpressured slope
deposits creating d|ap|r|c shale masses that, |n turn, cause uplift and faulting of
younger strata.

Large, incipient salt structures cornpos_e the greatestvoll.ime of sediment ‘.beneath
the slope. The shapes; isolation. and ‘vertical growth of these structures are best
: eXplainedi by differenCes in external_and internal pressure around bthe, salt mass .and
variability of s-hear strength of thev5urrounding country rock. lhese physical
5 | differences result from the. complex rnteractlon of sed|ment Ioadmg regional extensnon,
and salt movement. Salt domes beneath the - slope typrcally penetrate to shallower
depths than ‘those beneath the shelf becaubse the thin overburden composed of water-
saturated mud 'has" low  shear strength."l'he,s‘e conditions f_avor vertical dome growth.
‘Deep—rooted piercement ‘domes probably vllere mobilized"as/ ‘a"- resnlt of Paleogene shelf
margin progradatlon that loaded the tthk salt wedge causmg basmward flow and
“‘constructrng linear rldges and broad pillows. These mcrplent salt structures
vsubsequently were remobrlrzed to form small drscontlnuous spmes (l\/lartln 1980) that
plerce and upllft the upper Miocene sedlments but cause only minor sedlment s

deformatlon' around the domes.
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The top of salt is recognlzed by. broad |rregular hlgh amplltude reflectlons or a
~ change from coherent to incoherent reflections. The base of salt is uncertam because
~of the great depth (> 4 5 sec) and lack of seismic processmg de5|gned specnf'cally to

detect the base of salt or subsalt reflectlons

~ Salt domes are ‘the most common dlapmc structure affectlng Pllo—Plelstocene |
strata. The spacing, size, and shape of these intrusive salt bodles changes in }a ‘
basmward dlrectlon Helghts of |ntru5|ons W|th respect to the seafloor progresswely
’mcrease basmward whereas absolute heights appear to increase and decrease in-
alternatmg bands These broad paleoantlclmes of salt are similar to those currently
lntrudlng the distal apron: of the l\/llSSlSSlppI fan (Watklns and others, 1978). Beneath |
the modern slope o‘f the western Garden B'anks area. (ﬁgs. 4 and 9) gradual and
nearly contmuous reorgamzatlon of salt is |nd|cated by the general absence of faults
between some salt structures | |

Domes located on the updlp flank or landward of the Pllo-Plelstocene depocenter

are narrow, nearly circular splnes that are wudely spaced, suggestmg a mature stage

of dome evolution (Woodbury and others 1973) Rim synclmes around some of these :

~remnant diapirs lndlcate that necking, an internal salt reorganization mechanlsm.‘

allowed the spines to maintain their shallow elevation as the sediment column

aggraded. At the other extreme are allocthonous salt sheets on the lower slope ‘also- TS

' referred to by vanous workers as salt. sills, tongues or wedges that serve as the -
source for mcnplent “dome growth “An intermediate stage of salt evolutlon is.
represented on the upper slope by large nearly contlnuous massrfs wh|ch are

separated by sedlment Flled sub basms (f'g 9)

Shallow salt dlaprrs are absent throughout most of the West Cameron area '(fgs

% 4 8). Resndual salt mostly forms deep low rellef structures Thm salt s1lls are rare
and occur. at mtermedrate depths near the ngh Island West Cameron boundary and

_ near the center of the study area " The lack of shallow plercement is mdlcatrve of the =
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mature stage of salt deformation. Large regional faults form where salt is absent or
thin suggesting nearly complete extrusion downslope and laterally into salt diapirs._

~ The discontinuity between sediments formerly separated by salt is known as a salt

weld (Jackson and Cramez 1989) Some remnants of salt or salt welds are preserved i :

on “the upthrown 5|de of Iarge faults near the intersection with the gllde pIane
Persrstent sedrmentatlon caused salt to mlgrate southward and westward into .

offshore Texas where shallow salt structures are more common (fig. 4).
7 ,-Unc‘onfor'mities

Many unconformities within the Plio~P)Ieistocene strata can be observed on
seismic lines, but they are limited in areal extent (figs. 5-9).- Moreover, they are
mostly related to syndepositional salt movement or slope failure and are typically

restricted to uplifted areas.

The large sub—reglonal unconformlty in the ngh Island area described by Morton

and others (1991) extends into the westernmost part of the West Cameron area. -

Thls unconformity is a jomt product of sedlment moblllzatlon and sea- Ievel ,‘ 5

fluctuations. The ’ u.nconformlty is actually a composrte slump surface or submarine

pedin1ent.v Morton and others (1988) used the term submarine pediment to describe

| the broad disturbed 'éones of failed shelf margins These non-deltaic entrenched'-‘ |
systems are wider than they are Iong and they form as a result of retrogressrve ‘
rslope failure and subsequent submarine erosion. The resultlng embayment in the shelf
margln focuses oceanic currents that |n|t|a||y excavate 'some of the slumped material. -

‘ Some resndual slump materlal is preserved above the pedlment surface Later the

: deepwater depressron is f'lled by slope and shelf deposits. Thus submarme pedlments}f, A

. do not fit the standard morphologlcal or genetlc definition of a deep relatlvely
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~narrow incised valley-canyon system formed at the shelf margin by stream

' entrenchnient during a lowering of sea level (Morton, in press).
Structural Styles

, Structural deformatlon of Pllo-Plerstocene strata in the northern part of the :

_ study area is generally S|mple (figs. 5- 8) The salt is thin and deeply ,burred, and_;»‘
structural features are wrdely-spaced ,f‘aults. _":broad shale«cored anticlines, and narrow 3
salt diapirs. Most are late Miocene str‘u‘ctures reaotivated as mobile sediments
continued to reorganize‘ in response to sediment loading. The oldest faults have
northwest-southeast o_rientations_ that parallel the late Miocene shelf margin.' Salt ris
overlain by a thick section of middle-upper Miocene and lower Pliocene slope '
mudsto'nes.: In' turnQ the updip Plio-Pleistocene sediments overlie relatively stablel
upper l\/llocene shelf and slope deposits. Stable depositional condltlons are indicated
’by the lack of slumps and other ‘mass transport features The gradual basrnward dip
“and slope stablllty suggest an mterdeltalc ramp that was supphed by across shelf

transport of fine- gramed sedlments Counter reglonal faults havmg minor dlsplacements

and deep salt diapirs are typlcal structures just basinward of the upper Mlocene shelf n

margm (fgs 3-5). D|splacement of youngest strata across the counter—reglonal faults L

s ewdence of prolonged and persistent salt wrthdrawal (fig. 5) Farther basmward

fault spacmg and stratigraphic dlsplacement increase and progresswely younger strata

- are deformed and structurally mverted These structural and stratlgraphrc relatlonshlps e

were establlshed as salt was extruded basmward and the top of salt served as’ a |

: gllde pIane surface. :

In the eastern part of the study area, oldest growth faults are assocrated wrth o
‘ zones of structural weakness rnherlted from the late Mlocene to Glob a contmental' Ny

: _‘slope (fgs 4 and 6) Prolonged extensron along the master fault (center of fig 6)
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created rollover to the north whrle pronounced thrnmng and truncation of the Ang B

' sectlon occurred to the south This exceptionally long listric fault (fig. 6) has

remamed actlve smce at least Glob a dep05|t|on however greatest growth and
structural inversion occurred durlng the Glob a to Ang B deposmonal eprsodes The

fault orrgmated on the basinward flank of a salt swell or ridge beneath the mrddle

: ,‘ Pllocene (Bul - 1 to Glob a) slope. The fault 'was repeatedly actlvated by deposrtron of

~sand-rich submarine fans that are vertlcallystacked and‘serve as hydrocarbon
reservoirs‘ in“ East Cameron Block "29’9and West Cameron Block 557 fields. The
principal‘e)tpansion fault displaced the pre—‘Mvg section as much as 8 mi (13 km)
basinward (fig. 6). Counter-regional faults that formed on the landward side of the
: salt ridge aIso‘remalned active as salt was ve\racuated from the ridge‘ : ‘
Structural features near the middle of the study area (fig. 7) are srmrlar to :

those |Ilustrated on’ the prevrous sections with the exceptlon that counter—reglonal
faults of Mlocene age drd not form. The oldest ‘map unit (Rob E to Bul 1) records
progradation of lowstand wedges and shelf-edge deltas over deformed upper Miocene |
and Iower Pllocene deep water shale. These regresswe deposrtlonal events were
accompanied by progressive basrnward faultmg |n a starrstep pattern near the Glob a
paleomargin. Faultmg of slope dep05|ts was related to deep salt moblllzatlon that

B accompamed raprd deposrtron and progradatron of Lent 1 sedrments on the former
: slope. Nearby productlon in the West Cameron Block 450 feld is from outer shelf
'and upper slope sandstones of the Lent 1 mterval The major growth faults in the

| m|d d|p posrtlon were most actrve durlng A B progradatlon This famlly of faults

_traps hydrocarbons in A ng B and Hyal b sandstones that produce from ﬂelds in.

| West Cameron Blocks 540 563 and 587 Farther basmward salt reorganlzatlon

attendant wrth H Hyal b dep05|t|on caused structural inversion of the pre—A ng. B sectron o i

and stratrgraphlc convergence wrthm the Hyl b sectlon (fig. 7). Stratrgraphlc f :

thinning over the salt rldge was accompanled by abrupt thlckenmg rn the wrthdrawal
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basin where salt was evacuated to maintain the elevation of' adjacent domes.
Evacuation ofsalt from vthe adjacent slope created new accommodation space that ‘
was filled by a thick succession vof &g B sediments. Contemporan‘eous”progradation,
of shelf-edge deltas and deposition' of outer’shelf and upper slope sandstones and |
mudstones created large reglonal and counter regional faults and rollover W|th|n the
graben complex The flank of this rolIover structure serves as the trap for gas 4 7
produced from Hyal b sandstones in the nearby W_est Cameron Block 630 field (fig. f
| Shallow‘ piercement’- salt kstructures are most COmmon in the northern ‘and
western parts of the study area H(figs. 4 and 8). Most of the shallow diapirs are :
narrow spines that have‘»remained active as salt continued to migrate ‘into the spines.
Faults created by extensron within the penpheral withdrawal synclme typically have

‘, minor dlsplacements and stopped growing after Ang B deposition. The highest

concentration of hydrocarbons is associated with n’umerousclosely—spaced growth-

faults that intersect the undulating surface of a salt platform (ﬁg 8) No smgle fault'v: 3 e

has dominated Probably because the area was not the site of a major dePoaxls The
top of salt which was near the seafloor durmg BuI 1 and Glob deposmon |
“gradually subsided and only mlnor volumes of salt mrgrated mto nearby structures
Consequently basinward extensron of the strata was also gradual Basmward of the i
residual salt platform, growth faults dlsrupt the stratal contmunty and form :
: hydrocarbon traps in nearby West Cameron Block 612 and 633 felds (not shown on
, ’. cross sectlon) These young structures are connected with the Trlmosma reglonal and
“M“{counter~reglonal faults and lntervenmg withdrawal synclme (fig. 8). Growth on the
.faults and adjacent salt structures occurred mamly in response to post Trlm A
‘ .deposmon. Unlike their counterparts to the east, these faults cause only limited

displacement of the oldest (pre-Lent 1) strata. |
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Large, irregula’r steep‘—walled salt 'stocks surrounded‘ by faults are characteristic
’svtructures beneath the slope |n the northern Garden VBanks area (figr 9). The faults '
o are commonly concentrated near the stock although some faults occur within the
" _ adjaCent withdrawal basins. In general. salt structure spacing, amplitude, and depth

~all decrease in a basin_ward direction (fig. 9). Also, strata onlapping and Ovierlyin‘g

" salt are younger basinward. The salt morphologies and stratal relationships are all -
1', evidence of progressively younger phases of salt deformation toward the center of the
| basin. Most of these faults and salt stocks have undergone late movernentand]some'

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

_Five structural subregions are identif'ed -using'ages of ‘principal deformation to
dlfferentlate among subreglons (f'g 4). lnferred boundarles of the subreg|ons parallel
the northeast southwest structural gram As expected ages of the structural features
‘ _progressrvely decrease basmward reflectmg systematic outburldmg of the continental
platform and attendant deformatron near the contemporaneous shelf margin. The

:oldest structures are assocrated wrth the upper Mrocene to Glob a shelf margms |
whereas the youngest structures are related to Trim A and post Trrm A shelf
margms Exceptlons to this systematlc order of deformatlon are. caused by |
reactivation: of older faults and domes as well as creatlon of younger stress flelds in :
Nold‘er sediments. s | V
’Many ofvthe faults and domebs hav'e havdilong* re'lavtively continuous growth

histories whereas some structures expenenced moderately long perlods of dormancy

between perlods of movement. Refaulted faults and faults folded or prerced by salt
are preferentlally located along the Bul 1 and An g B expansion fault zones (f‘gs 4 st

Qand 6). The_ Bul 1’_faults»were»mostly" reactlvated and penetrated during Lent 1 time



 whereas Hy | b salt movement was responsible for fault deformatlon along the An ng
B trend. Few of the refaulted faults trap hydrocarbons probably because potentlal

seals were disrupted and hydrocarbons. rf present. leaked to the surface.

DEPOSITIONAL SYSTEIVIS SYSTEMS TRACTS AND GENETlC
SEQUENCES

Depositional Systems

Depositional systems are three-dimensional assemblages of‘genetloally related
sedimentary tacles (l:isher"and l\/chowen ‘1967) They include the deposits of
.common coastal plarn and nearshore envrronments such as rivers, deltas, and barrler—
strandplams as well as deeper water environments such as shelves slopes and
abyssal plains. Most of these clastlc depositional systems Were present along the
western Louisiana contmental margm at some t|me durmg the Plro—‘Plerstocene wrth
‘the exception of sand-rich barrler—strandplams The rapld hrgh amplltude fluctuatlons e
in sea level prevented extensrve reworkmg of nearshore facres and this precluded the
: preservatron of thrck barrier- strandplarn deposrts (Morton and Galloway in press).
‘This report empha5|zes the shelf—edge delta systems and sIope systems because they

were the prmcrpal sand transporting systems throughout the Plio-Pleistocene and

their shifting positions ultimately controlled the distribution of hydrocarbon reservoi—rs.v“‘f o

' Shelf—edge Delta Systems

The shelf—edge delta model (kaer and Edwards 1983) is Iargely based on late S

- Pleistocene and modern delta systems of the northwestern Gulf of Mexrco Both hlgh

resolutlon sparker and CDP selsmrc profles dlsplay late Plelstocene deposrtronal
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seq,uences. especially the Wisconsinan shelf-edge deltas that ‘prograded onto the slope
and ﬁlled_intraslope basins (Lehner, 1969; Suter and Berryhill, 1985; Berryhill. 1987).
 These constructlonal events occurred prmapally durmg fallmg stages of eustatic sea i
vlevel and subsequent lowstands ‘ i

. The modern highstand l\/lississippi shelf—edge' delt’avhas been examined'in detail“"
by Colernan,a‘nd others (1983); Theydescribed thesurﬁcial landslides, Iarge—scale .
slumps and other ’deformation features that form as a result of gravitational
instability along the boversteepened delta front. vOther surficial feat'ures include
~carbonate reefs that grow on topographic highs in response to recent lmovement of
shallow‘ piercement salt do‘mes.‘ ‘

High sedimentation rates and steep slopes associated with shelf—edge deltas

~create slope instabilities The rapidly deposited sediments contain abnormally high

water volumes and b|ogen|c gases. These fluids create h|gh pore pressures and
‘decrease sedlment shear strength that together may cause slope failure. Slope

mstabllrty occurs at three dlfferent scales Small scale surface creep slumps and
gullies are below the resolutlon of conventlonal seismic prof'les These features Whlch
~are tens of feet thick, are contamed wrthm the clmoform facres and contrlbute to .:; :
progradatlon of the shelf margm (Coleman and others 1983) An mte-rmedlate scaleinilfl""
| of sediment deformation involves large slope failure whereby blocks of sediment slide SR
‘downslope and bedding is either preserved. or distorted. This type of i_ntraformationalt

slumping encompasses a few hundred feet of sediment and occurs above a

detachment surface that merges with beddmg planes downslope The largest scale of‘ o

deformation mcludes deep- seated normal faults that grow in- response to sedlment

Ioadlng at the shelf margin. These faults have throws of several hundred to a '
i thousand feet and basmward drsplacements as great as several mlles
At the scale approprlate for basm analysrs the shelf—edge delta model |s typrf'ed »

-__by thousands of feet of sedlments Iarge—scale growth faults preferentral preservatlon
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of outer shelf and upper slope deposits, and an overall upward -coarsening log pattern
| representlng relatively systematlc basinward progradatnon The posmons of shelf-edge
deltas are controlled by sediment supply and they can be either highstand or
lowstand features. Thus, they are not always synonymous with the 'shelf-ma'rg'in ,

systems tracts of Posamentier and others (1988), which are lowstand features,.“ ‘
N ‘Slope Systems

‘The se‘cond primary deposit‘iona‘l model used to lnterpret Plio-Pleistocene stra’ta

: represents an aggradatronal slope system that has been greatly modrfed by
syndeposmonal deformatlon The contemporaneous tectonic mfluence creates actlve
faults, salt diapirs, and wrthdrawal basms that control the patterns of deposrtlon by
_formlng preferred pathways of sediment transport within the topographic lows. An
appr‘oxlmate depositional modelfor' an aggrading slope system can be constructed by
exammlng sedlmentary charactenstlcs of the l\/hssrssrppl fan complex and those of the -
. late Quaternary mtraslope basins of the northern Gulf- of Mexico.
Deposmon of deep-water sed|ments and their relatlonshrp to glacro eustatic cycles
“remains controversral; At least three drfferent process-response models have been» -

proposed to explain deposition of-"su'bmarine fans on slopes of passive continental

margms Each of these submarme fan models can_be supported by sersmrc evrdence '

from the western Gulf Coast Basm and each |s probably responS|ble for some
‘deposmon of Pllo—Plerstocene deep water sedlments | v | 3

: The most wndely publrcrzed slope system model explams‘ deep -sea fan deposutlon
as a result of nver entrenchment nnear the shelf margm (Haq and others 1987

: Posamentler and others 1988). The coarse clastrcs composmg the fans are eroded

from or by passed across the shelf durlng fallmg sea level and Iowstand phases of a we

eustatrc cycle (Mltchum and others 1977) ‘An alternative glacro—eus_tatrc explanatron" '
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-is that submarme fans are deposited by sediment slumped from the shelf margln
vdurlng an initial rap|d rise in sea level. The key to th|s depositional modeI |s the
' hrgh—volume discharge of dense glacial meltwaters that cause dramatic ‘increases in -
coarse clastics transported by the principal rfvers (Perlmutter, 1985; Steffens 1986)" -

A thrrd model describes canyon formatlon and submarine fan deposrtlon durlng rlsmg

“sea level and hlghstand conditions when the mterdeltalc or non-deltaic shelf margm LR

starved (Brown and Flsher, 1977). Canyons can be mrtlated and grow during rlsmg
phases and hrghstands in sea IeveI by retrogresswe failure and associated slumpmg of
" the shelf margin (Coleman and others 1983) Imtral canyon excavatlon is augmented “
by focusing of marine currents that become den5|ty currents as they flow down the
canyon axis (Farre and others, 1983). | o
"Mud—rich submarine fans of the western Gulf Coast‘Basin are typically elongate
sediment lenses having“their longest axis parallel to the downslope direction of
sediment transport These subrnarine’fans are supplied by canyon‘s cut into the. shelf
margln that act as point sources.. Prmcrpal elements of the submarme fan model are
the canyon, upper fan mrddle fan, and Iower fan (Bouma and others, 1985). Most
‘canyons form near the shelf—slope break and retreat landward as a result of
headward erosion, downcuttmg. and slurnprng_a‘long ,the canyon walls. Locations of -
fan lobes are controfled by position of the canyon‘ "and"b-y reliefof the seafloor s
rncludmg topographrc highs formed by older fans Charactenstrcs of upper fans |
‘ mclude a large channel and levee system ‘that funnel sedrment downslope Mlddle
fans WhICh constrtute the thlckest parts of fans “are aggradatlonal features composed

of channel Ievee and overbank dep05|ts Channel Ievee systems located at the apex )

,of each fan are deep enough to conf"ne deposmon of coarse cIastlcs but shallow ‘

enough $0 that the upper part of the. turbrdlty ﬂow contammg f'ne gramed suspended”;.

sediments IS unconf' ned
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Much, of the lower fan is deposited by ‘unconﬁned flow discharged by shallow
‘,dist‘ributary channels that bifurcate and become indistinct near«-‘the fan terminus.~
These aggradational deposi‘ts are .crossed by'.several abandoned channels but‘normallyj
“ onljr one active channel. Lower fan deposits‘ ‘may contain as much as 50 pe‘rc’.e’nt -
: -s:and preserved as thin- turbidite beds.j)Theyi’are’vgenerally devoid of planktonic foramslf'.
d and benthic forams are commonly’ resedimented shallow—water species originally 7

“deposited on the inner or middle. shelf (Woodbury and others 1978).

Concepts of fan morphology facnes arch|tecture and slope processes derived from i

the Mississippi fan complex (Bouma and others, 1985) are extremely vaIuabIe for :
understanding Plro—PIerstocene sIope deposrts; however, thelr appllcatlon to the : |
Louisiana shelf and upper slope ‘is somewhat l|m|ted For example, the best
documented middle and Iower parts of the lVlISSlSSIppI fan are so large and. their
~deposits so thrck that the fan is not greatly influenced by diapirs. In contrast, |
Pliocene turbidites in southwestern offshore Louisiana deposited as small submarine
fansor in intraslope basins ’were directly controlled by the surficial expression of
diapirs on the contemporaneous upper slope. These Pliocenve turbidites were deposited
by a series of small, lowstand wedges that coalesced to form broad sandy aprons
‘ parallel to the shelf edge. Only a few narrow, Iowstand submarme fans prograded
down sIope onto the basin floor Furthermore the coarsest PI|ocene submarlne
_channel and fan deposrts are composed of f'ne to very ﬁne sand rather than coarse -
sand and gravel as reported for the youngest channel system of the Mrssnssrppl fan
(Bouma and others, 11985). | o
“ Intraslope basins are anoth‘er‘importantn component of the depositional model for :"
‘Plio-PIeistocene slope deposits. Bouma (1982) recognized three classes of intraslope",’_;‘vf‘i'
~basins that he described as (1) blocked submarinecanyons. (2) closed interdomall

‘depressions, and (3) small collapse basins over structural crests. These local collapse = -
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- structures over domes are common salt-dissolution features, but they are not
significant for purposes ofregionall mapping: |

Turbldlty currents capable of transportlng coarse clastics great distances down :
the slope are generally onented nearly normal to the shelf edge. ThIS is because the
: flow is gravity mduced and th|s orientation produces the steepest downslope gradient. .
Diapirs protruding into the‘ water column canr create orographic effects that accelerate
and deflect the flow causmg Iocally dlverse flow dlrectlons and increasing capacntles
of currents transportlng coarse detritus through . mtraslope basins. |

In the northwestern Gulf of I\/Iemco near the outer shelf bottom currents that
are not turbidity ‘currents generally flow to the northeast in response to wind for-cl'ngr “
(Cochrane and Kelly. 1986) and occasional intrusion of the Loop curren‘t (Mmerals o
Management Service, 1986). It 'is likely '-that flow direvctions wer'e similar during'the
Plio-Pleistocene consrdermg the conf'guratlon of the Gulf of Mexico. Tlme-averaged
- velocities of near—bottom currents are low, but maximum instantaneous velocrtles can
be as hlgh as 2 ft/sec in water depths of 200 to 300 ft (Rezak and others 1985)
- Except durmg storms these prevalhng non- turbldlty bottom currents are relatrvely

weak and are capable of only transporting ﬁne—gramed suspended sedlments. :
Depositional Systems Tracts

Depositional systems tracts” were‘or.iginally def'ned as contemporaneous
deposrtlonal systems -that are genetlcally Imked (Brown and Flsher 1977) Recently :
the concept of systems tracts has been apphed to eroswnal and deposrtlonal ‘
,processes associated with lowstand, transgressnve and hlghstand phases of a eustatlci
sea—level cycle (Haq and others 1987 Posamentrer 'and others : 1988) Accordmg to |
‘;‘the eustatlc model when the rate of fall in sea Ievel is greater than the rate of

| subsndence at the shoreline break the shelf is at least partly exposed and nvers '
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binci:se‘ valleys.‘ This occurs»rin response to lowered base_leveland iincreased stream
vgradients.‘Large yolumes of potentially coarse sediment eroded from the shelf are
l ‘deposited on the slope and basin floor forming Iowstand submarine fans (loWstand
- systems tract) As the rate of sea-level fall declmes channels aggrade and trap the
coarse- gramed sediments so that only fne gramed deposits reach the upper slope and
fill the topographrc lows created by the slump deposrts When relatlve sea level |
»gradually begms to rise, deposition is largely conf'ned to shelf—margm deltas and
_ younger submanne fans: (Iowstand, progradatlonal ~wedges) deposited b}etween‘ the shelf
edge and‘ the "basin—floor submarine fan. Consequently. hasin—flo‘or" fan construction
slows and turbidites are generally confined to the channel axes (Kastens‘,‘an\d‘ Sho_r,: |
1985). ‘Together the:'basin—ﬂoor fan and loWstand wedge principally aggrade the.slope.- :
If sediment supply is adequate and t‘he} Iowstand phase is sufficiently long, the
lowstand wedge,may prograde over »the fan deposits in response}to maximum
'reg'ressiOn. : | | | | |

In contrast to deposrtlon durlng a rapid fall and lowstand of relative sea level a

rise in sea level causes an abrupt landward shrft in deposmon (transgresswe systemsr '

tract). Coarse sed|ments are trapped near the shorelme creatmg sedlment starvat|on ,
on the shelf and slope and‘ deposrtlon of a ,marjme‘ condensed sectron. In deep water,
‘ only hemipelagic and pelagic mud isdepoSited 'as drapes over the fan surfaces.

During the final’ stages of rlsmg sea level and hrghstand (hlghstand systems tract)

large delta systems prograde toward the shelf edge over the transgresswe deposrts AT

whrle mud contmues to. accumulate on the slope The hrghstand systems tracts are

pnmanly responsrble for progradatlon of the shelf margln

- As currently used sea’ Ievel systems tracts do not connote the types of

e deposmonal systems that ‘were actrve when a partlcular stratgraphrc sequence formed. :

They merely connote the mferred phase of a sea level cycle at the t|me of

: deposrtlon In thls report terms descrlbmg both deposrtlonal systems and systems
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tracts are used ‘because’ (1) ‘interpretation of PliofPIeistocene strata in the context of
:‘e‘ustatic cycles_is approprate. and (2) inclusion vof both sets of descriptors con'veys
“-_more i»nformation than either‘does‘alone'.

In general there is good aéreement be‘_t'ween:‘t"he coastal onlap curve of Bea'rd‘.j ‘
and others (1982)} and Haq and others (1987) and observed ‘depositional cycles T
associated with the principal Plio-Pleistocene quv-iaI—deltaic systems (fig. 1). Minor‘: Lot
differences’ between predicted’ and observed coastal »onlap relationships are observed as :

’ ‘Iocal shelf—margln fallure and grawty resedlmentatlon that has the appearance of
,‘Iowstand deposnts but are not shown on the Exxon ‘sea- Ievel curve (Haq and others
1987) Other dlscrepenaes are related to contmuous chart revisions and the repeated
mclusron of more quctuatlons in the eustatic curve. Major dlscrepenaes between ‘

- observed and predicted stratal relationships are the thick Crlstlllarla S (Iower : B)
‘and Hyal b onlap wedges of slope sediments, WhICh accordlng to the Exxon curve
‘were both dep05|ted during rising or highstand phases of sea level rather than during

falling phases of sea level.
Sequence Boundaries and Offshore Sequences
For more than four decades the petroleum ‘industry' haS'suCcessfulIy used

~extinction horizons and other paleontologlcal marker beds for subsurface correlation

and mappmg (Curtls and Picou, 1978) The extmctlon horlzons commonly coincide

with marine condensed sections and surfaces of maximum floodlng whlch are defned S

by faunal increases and Iow—sedlmentatron rates (van Wagoner and others 1988

* Loutit and others, 1988). These reglonally correlatlve floodmg surfaces form the basrs s

. for subdividing rocks into quasr—chronostratrgraph|c umts known as deposutlonal

) COmpIexes (Frazier, 1974) or genetic sequences (GaIIoway 1989). Genetlc sequences -

are bounded by floodlng surfaces (transgresswe systems tracts) that are products of

0
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relative rises in sea level (Galloway, 1989). In contrast stratigraphic sequences are

'-bounded by unconformities and therr correlatlve conformltres (lowstand systems
tracts) that are produced by faIIs in sea level (Vail and others, 1977). Thus

: boundaries dividing genetlcﬁsequences,‘-and those dividing stratlgraphlcsequences are
~out of phase with r'esp,ect‘ to eustatic‘sea | level cycles. :

‘ In- this study the p'ost—Miocene'section is divided ’into ‘eight genetic sequences
usmg brostratlgraphlc markers and thelr assocrated transgresswe marine shales as |
sequence boundaries (figs. 1 and 2) The oldest genetrc sequence encompasses Iower
to middle Pliocene strata (Robulus E to Bullmlnella 1) representlng a penod of about '
1.5 Ma when muddy shelf and sIope sedlments slowly accumulated near the »

continental margin. The remaining seven sequences represent variable penods of time

that generally decrease in duration with decreasing age (fig. 1). Buliminella 1 (Bul 1)

to Globoquadrina altispira (Glob a) lasted about 900,000 yrs; Glob a to Lenticulina 1

(Lent 1) lasted about 600,000 yr‘s: Lent 1 to ‘Angulogerina B (Ang B) lasted about

700,000 yrs, Ang B to Hyalinea balthica (Hyal b) lasted about 500,000 yrs, Hyal b

to Trimosina A (Trim A) lasted about 350,000 yrs, Trim A to Globorotalia flexuosa

(Glob flex) lasted about 500.000 yrs, and post—Glo'b flex (Wisconsinan and Holocene)

lasted about- 150,000 yrs.

Onshore Formations

| Onshore Pho Plerstocene sedlments composmg the Iower coastal plam of

; 5Loursrana are preserved as four formatrons (Wllllana Bentley Montgomery and : :.

, ,Pralrle) These terrace-formmg outcrops have been named correlated and subdrvrded

‘_'-‘pnnC|palIy usmg morphologlc criteria such as eIevatron slope degree of dlssectron

“and soil t_ype (Fisk. 1939; Russell. 1940; Frsk and McFarIan. 1955; Bernard and

LeBlanc.‘ '1965).' _Morp‘host_ratigraphic analysis of late Quaternary deposits by these and -
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. j-other workers demonstrates that each wedge was dep05|ted during a sea-level
highstand, each wedge unconformably overlies and onlaps an older formatlon and the
upper surface of each deposrtlonal sequencerls marked by paleosorls.

Youngest Pleistocene terrace deposits in LoUi’siana are known as the Prairie
Formation‘, ‘which is_eqUivaIent to the Bea'umont Formation in Texas (Bernard and
LeBIanc. 1965). The'Prairie Formation ‘r‘ep’resent‘s fluvial, deltaic, and marginal marine
deposits that retain much of their'origvinal"depositional morphology. Geomorphic

) features :'commonly observed on aerial photographs include scroll bbars. aband.onedj.
, :.channels,band \,accretion ridges. The Prairie Formation is composed mostly of clayk
| interbedded With‘ﬁne-grained sand, of variable thickness. Thickest sand deposits are
associated with fluvial channels: of the upper ‘delta plain.’ Prairie Formation mudstones_ :
‘exposed near the coast contain brackish water fauna typical of estuaries and
| interdistributary bays. |
Some early workers concluded'that tectonic deformation in the source area

controlled the systematlc vertrcal changes m graln'srze observed in the Plio-
Plelstocene coastal plarn terraces Other workers however recognrzed that gIacro—
eustatlc sea- IeveI ﬂuctuatrons were responsrble for the deposntlonal cycles (Flsk 1939

1044).

Correlation of onshore Pllo Plelstocene formatlons with speaﬁc rnterglaaal stages R e

has been Iargely abandoned because (1) the number of climatic events and
correspondmg relatrve sea—level cycles greatly exceeds the number of named
formations, (2) the coastal plam deposits have not been: accurately dated and (3)
the onshore deposrtronal record is mcomplete The Iatter condition is a result of
‘erosronal truncatron and coastal onlap that preserves unlts in the subsurface that are :, s

_not represented in outcrop.

Recently McFarIan and LeRoy (1988) correlated the coastal plaln outcrops Wlth

. thick genetlc sequences correlated and mapped beneath. the Loursrana contmental
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shelf. Their work and the work of others show that the outcrops are mainly minor
progradational and aggradationai deposits that accumulated during regional

transgressions -and maxlmum hlghstands of sea Ievel whereas the contmental margln

- - sediments were deposrted mamly durmg Iowstands of sea Ievel

PLIO-PLEISTOCENE S‘TRA‘TIGRAPHVIC FRAMEWORK

Principall depositional systems and syStems.tractsvfor each of the 'PlioePleistocene
genetic ‘sequences were int_erpreted by ‘integrating all available geological,
i paleontological' and ‘geophysical ‘infOrmation. The primary sources-of data include
vertrcal patterns of electnc logs. reported blostratlgraphlc tops and paleoecologrcal
zones, net and percent sandstone maps, and selsmlc proFIes Comparing maps of
these sedimentary properties reveals sediment transport pathways which aid -in 'the
predlctron of Ilthologres in areas of sparse or no weII control. Such a companson also :
explains the dlfferences in paleogeographlc reconstructlon that result from mdependent

: mappmg of systems tracts on the basrs of sersmlc facres patterns and well data. v‘
Deposmonal systems maps constructed pr|mar|ly on the basrs of Ilthologlcal and
-paleontologlcal criteria tend to empha5|ze_the most basmWard platform construction
asdsociated with the youngest*and shallowest'progradational event before the ensu‘i‘ng S
transgressron ln contrast, seismic facres maps tend to. empha5|ze the underlymg
‘deeper water sediments because they commonly represent ‘the thlckest part of the

,genetlc seq uence.

: Most,of the pri"ncipal genetic sequences of this' st‘udy are so thick that they" are s

5 composed of several deposrtlonal cycles, termed parasequence ‘sets (van Wagoner and
others 1988). These parasequence sets can be observed on selsmlc prof'les and o

identified 'fro:m ‘well logs (Pls. 1-3).
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| l\/lapping Depositional Systemsl and Shelf Margins

Diverse erosional and depositional processes can produce similar electric log
patterns therefore these log faCIes patterns are’ difficult to interpret without other
evrdence of the deposrtronal enwronment When log facies patterns are combmed with
paleobathymetry seismic facies, and regional geologic setting, they provide a useful
tool for predrctmg I|tholog|es and mterpretmg deposrtronal systems Log facies |
patterns typlcal of most of the Plro—Plelstocene sand- r|ch deposmonal systems are
presented in f'gure 10

Pattern A (fg 10) vwhlch represents an onlap slope apron or submarme
channel—.fan complex, exhlblts elther a progradatlonal ,or an erosron‘al base and at'v
least an upward thmnmg of sandstone beds if not an actual upward f'nmg in gram
size. Thls pattern is typical of some middip and downdrp sandstone successions |
(wells 5 and 22, PI. 1; wells 2-6' Pl. 2: and wells 1. 0. 11 and 17, PI. 3). Pattern
B typifies upward coarsenmg distal delta-front and shelf sandstones deposited near
‘the subsiding shelf margin.” The basal progradational sequences in most wells
commonly illustrate this pattern (Pls.‘ 1—3). Pattern C represents progr‘adational and
aggradatio‘nal nearshore sandstones such as distrib'utary—mouth bars and gravity
‘resedimented delta fronts. These aﬁre. typieal' patterns' in_most wells. Medium to thick
sandstone paekets with‘ abrupt erosio’nal bases (pattern‘ D) characterize aggradational
nearshore -and coastal pla|n deposits assocrated wrth |n|t|al Iowstands and rlsmg
phases of sea. level Examples are seen in the A_g B. H Hyal b. and Trrm A intervals
~in_most wells (Pls 13) and they are commonly assocrated wrth dlscontmuous |
*yvanable—amplltude sersmrc reflectlons i v |
l\/llxed blocky and upward fining or upward—coarsenmg log patterns A(pattern E)

typlcally are assocrated wrth fluvral or delta plam dep05|ts representlng channel and * :



floodplam or crevasse splay environments respectlvely These aggradatlonal patterns
~can occur updip in any of the stratlgraphlc mtervals (wells 3 and 4, Pl 1; wells 1
and 2, Pl. 2). Pattern F is characterized by a thick, relatively sand-rich lower unit
-overlain by thin alternating sandstones and mudstones that grade upward ;into ma‘rine"'
shales. This retrogradational facies architecture, which is commonly associated With_,a
Vrelative rise in sea-level, is_illustrated by the youngest sandstones in the Hyal Q“:and
Trim A sequences (wells 5-8. Pl. 1: wells 711, Pl 2: and wells 1-4, PI 3).
Recognltlon of paleomargms on the baS|s of physrographlc slope or
" paleobathymetry is comphcated when sea level ﬂuctuatlons are extreme If sea Ievel
falls below the former shelf margin, shallow-water neritic sediments (ecozones 2»and
~3) are tvhen_deposited directly on the form‘er slope. Under these eonditions" the
seismically map'ped highstand shelf edge will be landward of the _'Iowstand' outer ’
neritic—upper bathyal (ecozene 3 and 4) transition. ‘Convers‘ely. if sea level rises
substantially ahove the former shelf margin deep-water “slope™ sediments (ecozone
4) are deposrted on the relict Iowstand shelf Iandward of the geomorphic break in
slope. An addltlonal comphcatlon arises when relatlvely shaIIow—water fauna are Iocallyj :
transported fro,m the shoreface‘and mner shelf,mto deep water by slope failure
*(creep, slump, turbidity currents) On electrlc Iogs and in well cuttlngs thlS has the 5 ‘."
‘appearance of an abrupt basmward shift in coastal sedlmentatlon that mlght be :v, e

‘ mlsmterpreted as a rapnd Iowermg of sea level
»Charaeteristics of Plie-Pleistoeene Genetic Sequences
' Pre—RQbuluS»E.(not mapped)v

- In the southern’ West Cameron area, middle and upper Miocene sediments are

composed of mUd_stones‘wi‘th thin interbedded siltstones (well 1. P, 1; ,welli 4, PI. 2) '
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- that were deposited on the slope and basin-floor as. turbidites and hen1ipelagic mud
drapes. The‘se deep—water deposits (ecozones 5 and 6) are several thousand feet- thick
' and blanket the thin, remnant layer of salt This stratigraphic relationship mdlcates
that much of the salt mlgrated from the area as a result of shelf-margin | |
' | progradatlon and loading of salt bene'ath the slope durlng the middle and late
~ Miocene depos,itional 'episodes..'y

Miocene strata in the study area are recorded as high amplltude continuous
reflections Wthh suggest relatlvely uniform sedlmentation on a shelf/slope ramp.
~ These reflection patterns are not mdlcatlve of submarine channels and fans, slumps,
or. other high -energy turbidites that might contain thick beds of well sorted sand The
Mlocene strata were not subdivided and mapped in the study area because log
'correlatlons and seismic mterpretatlons |nd|cate that they are composed entirely of

mudstones and do not contain reservorr—quality. sandstones. !

Robulus E to Buliminella 1 (Unit 1)

The Robulus E - Bulirnmella 1 genetic sequence (umt 1) represents a wedge of
‘coarse clastlc detrltus that thms westward and basinward. In the eastern part of the‘
study area the sequenc_e is com}posed of at least four parasequence sets (well 1, PI.

- 3) that together constitute an upward-shoaling vertical succession. The oldest
parasequence set is about 600 ft thick. It consists of thin interbedded sandstones .
and mudstones that exhlbit upward-fining and upward thmmng vertical profles These

‘ lrregular aggradatlonal sandstones whlch plnch out to the west were deposrted in a ‘

 lower slope envrronment (ecozone 5) The lower slope sandstones grade upward |nto

o at least 600 ft of aggradatlonal slope mudstones (ecozone 4- 5) that compnse the
: second parasequence set Above the slope mudstones are th|n progradatlonal

,sandstones havmg |rregular to upward coarsenmg log responses The lsolated

- 40



':sandstones are‘20-50 ft thick and separated from underlying and overlying sandstones
by ‘mudstones ot comparable or greater thicknesses. The you'ngest parasequence'setﬁ.
consists of a few blocky or upward—coarsening sandstones 100-200 ft thick that were
.'depos.ited‘in an -upper slope environment (ecozone 4) These slope sandstones also |
-pinch out to the west and basmward into slope mudstones (ecozone 5) | |

In the western part of the West Cameron area, unit 1 ‘represents lnltlal
progradation of coarse clastics above upper Mrocene 'deepwater mudstones. This part i
of the sequence is characterized by extremely thln upward coarsemng sandstones
| separated by thicker mtervals of mudstone (wells 1 and 3, Pl. 1). These mterbedded
sandstones and mudstones were deposited in inner to outer neritic en\/rronments
(ecozones 2 and 3).

Wells penetrating unit 1 commonly encounter 300 to 700 ft of net sandstone :
(fig. 11), except in the western part of thestudy area where net sandstone thickness_
_is generally less than 200 ft. Sandstone abundance in unit 1 is controlled by |
: contemporaneous‘ deformation and Iocation of the pri'ncipal depositional systems. The
: hlghest concentratrons of sandstone occur in smaII WIthdrawaI synclines, ‘which are.
former mtraslope basms Iocated between salt structures (compare f'gs 4 11 and ‘

12). The greatest abundance of sandstone occurs where aIl the 'sand- rrch |

parasequence sets are present Sandstone constrtutes Iess than 30 percent of the i
genetic sequence (f'g 12) because mudstone mterbeds and mud rlch parasequence
“sets are common | R D |

Selsmrc facies patterns of Iower and mrddle Phocene sedlments (Rob E Bul 1)

~are hlghly variable. They typlcally show a basmward change from varlable amphtude i

parallel reﬂectlons in updip areas to drscontmuous wavey to hummocky reﬂectrons ln,

‘downdlp positions. The sand rich part. of the sequence is entrrely within the zone of T

continuous reﬂectlons These selsmlc facres patterns indicate gradual accumulatron of

turbrdltes and hemrpelaglc muds on the slope rather than raprd accumulatron as a
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result of mass transport processes. The zone of distorted seismic reflections occurs

far basinward of the inferred shelf margin. Some of unit, 1 is absent in the High

Island East and western West Cameron areas because it was removed by Iarge—scale
fallure of the shelf-margin and excavation durmg subsequent phases of Iowered sea
level (Morton and others, 1990) |

The late l\/llocene—early Pliocene shelf‘ m.argln.of‘m‘aximum progradation is poorly s
defined because it was altered in response to changes in relative sea level. Flrst the
paleomargin subsrded and deepened Mud accumulated on the outer shelf and upper
“slope. but sedrment supply to the shorellne break was Iess than subsrdence and
deeper water mvaded m a landward dlrectron | |

~ Because these modlfcatrons tend to obscure the muddy Iate Mlocene shelf
margin, its approximate posrt|on is ldentlﬁed on the basrs of an increase in reglonal
~dip of ‘upper Miocene strata, increased number of faults, and increased fault
dlsplacement ‘of Miocene beds. Upper Miocene sediments are burled progresswely
deeper to the east where the Pllo—PIelstocene reglonal depocenter was located
(compare Pis. 1 and 3). | |

Deposrtlonal systems of umt 1 were a sand- r|ch slope apron supplied by a-

relatlvely small shelf—edge delta system (fig 13) that mamtarned a srmllar posrtlon

during two separate eustatlc cycles The basal upward fining. slope apron (ecozone 5) o

is mterpreted to be deposrts of a lowstand systems tract The Bul 1 slope apron rn'.,f"

“the West Cameron area is restrlcted to a zone wrthm 12 mi (20 km) of the shelf

| margin (fig. 13). The thrck succession of slope mudstones (ecozones 4 and 5)

" represent transgressrve and hlghstand systems tract dep05|ts whereas the overlylng
n/thln upward coarsenmg slope sandstones (ecozone 4) were probably dep05|ted by a -
::.‘progradatlonal shelf—edge delta system (second lowstand systems tract) and ltS v

'.subsequent transgresswe and highstand systems tracts.
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Thevdelta System cons’isted 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 tract. These distal

deltarc deposrts grade into a low gradient mud rrch ramp supported by upper Miocene

mudstones dep05|ted mamly by lowstand and hrghstand systems tracts
| Only a few fields produce hydrocarbons from unit 1 (fig.. 13). The reservoirs'are 3
typically restricted to either the slope apron (downdip) or to proximal deltaic deposits
(updip). Most of the hydrocarbons appear  to b‘ev‘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—l :
margm settrng sea level fluctuatrons and contemporaneous growth structures As “a
_result of complex sedrmentatron patterns, the electric log responses sand body -
thickness, and lateral contmmty of unit 2 ‘sandstones are also h|ghly vanable Three
; "major eprsodes of sandstone deposrtlon hereafter referred to as basal mrddle and
upper are recognlzed from well log patterns | | i |

~ The basal sandstone'ﬁ“unit” is‘pene‘trated only be wells in middip and
downdowndip ’positio:ns (wél|,5~,' Pl 1: well 6, Pl. 2: and well 2. Pl 3). It consists of
‘aggradatlonal beds rangmg in thrckness from 10 to 100 ft (3 to 30 m) and |
,‘*“"dlsplayrng m|xed blocky, serrate upward coarsenlng and upward f'nmg log patterns

bThe amalgamated beds form a sandstone package that is 500 to. 700 ft (150 to 210
’m) thick.: Faunal assemblages assocrated wrth the sandstones are characterrstrc of the
‘upper slope (ecozone 3. 5 -4) whereas the encasrng mudstones were dep05|ted on the

- middle slope (ecozone 45) The apparent upward shoalmg |s elther the result of a.

Iower sea level mrddle slope resedrmentatlon of outer shelf and upper slope deposrts S
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or both. Chaotic seismic reflections in the basal part of unit 2 confirm that mass
transport processes were responsible for at least some downslope movement of the
“sandstones.

The middle‘ and upper sandstone packages are similar in thickness and log facies |
patterns. Both are about 400 to 500 ft (120 to 150 m) thick and both consist of
amélgamated thin, upward-coarsening and blocky sandstones that are 5 to 50 ft (1.>5 
to 15 m) thick. Typical logs showing this progradational style of deposition are seen
in wells 1-5 on plate 1. The only significant difference between the two subunits is
that the‘ upper sandstone package was deposited in slightly shallower water. Available
paleoecological data indicate that the middle sandstones were deposited on the oufer
~ shelf and upper slope (ecozone 3.5-4) whereas t’hev upper sandstones were deposited
on the outer shelf (ecozone 3-3.5). Updip wells encounter the middle and upper
depositional cycles, but the basal unit is absent. In updip positions. the middle and
upper upward-coarsening cycles overly - lower Plioéene and upper Miocene slope a‘nd
abyssal plain ‘mudstones (wells 1-4, PI. 1).

Two styles of cyclic deposition are commonly repeated in uﬁit 2. Either
sandstones are distributed throughout the genetic ‘svequence of,sandStdne thickﬁess
~and »stratigra‘p‘hic position a‘re reciprocal. Those wells encouhterihg the second styile of
deposition ‘c‘ommonly‘exhibit thickest and best developedj Sahdstones_ at the sequence
base and thin, poorly developed sandstones near the sequence top or vice versa.

Sandstones of unit 2 are widely ,distributed:.‘ but ind‘ividuallsand bodies are
discontinuous. ‘Furthermore, sandstone‘abUn:dance ‘is highly variable in both strike and
dip directions (figs. 14’ and 15)‘. Mdst wé"s pénetrating de‘positionall 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 where all three sand-rich parésequence sets are;pr‘v‘e‘s'en't :

(fig. 14).
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"The pr‘incipal axes of abundant :sand are greatly _influenced by syndepositional
| growth faults and diapirs having substantialf relief on the paleocontinental slope. The
" northwest-southeast orientation of sandstone abundance (‘ﬁgs. 14 and 15) is
controlled primarily hy sets . of ,subregional growth faults (figs. 4) 'oriented paraIIeI,i to
' the early Phocene sheIf margin. The most ‘landward thick was created by salt o
reorgamzatlon and formatron of a counter-reglonal fauIt (flgs 4 and 5). The i
southernmost accumulation of "continuous” ‘sandstone deposition is Iocated IWithinr"a
local graben form‘ed by a doWn-to—theébasin fa,ult and associated antithetic faults. ’The‘
‘intervening zone of low sandstone abun‘dance represents a positive paleotectonic
_element that subsided more slowly than the:adjacent withdrawal synclines. This
positive structural feature ris not salt cored but rather is composed of a thick
succession of upper Miocene andlower Pliocene deepwater mudstones (well 3, f’l." 2).
‘ Syndepositional sea-floor irregularities deerted slumps and turbidites preVenting or
minimizing the deposition of shelf and slope:sandstones around salt structures. The‘
diapirs created downcurrent shadow zones causmg Iocal thmnmg and shale out of
some potentlal sandstone reserv0|rs Sandstone concentrations: in unit 2 are generally
low and mostly range from 5 to 20 percent with some Iocal deposits containing ‘as
much as 25 percent sandstone (ﬁg 15). These low sandstone concentrations reflect
the moderately tthk mudstones below and above the sandstone packages as WeII as
‘numerous mudstones interbedded W|th the thin |rregu|ar sandstones - |
Stratrgraphrc characterrstrcs of the slope sandstones in un|t 2 appear to be:
similar to thosev of the Iowstand submarine fans of the_ adjacent Hrgh ‘Island area
(Morton and others. 1991). Hovrrever, 'thosebslo‘p’e and"‘basin floor‘fansv are highly
_‘eIongate and extend more than 100 mi (160 km) basmward of the shelf edge. The
| ‘basrnward extent of the Glob ltlsgrr sandstones in the West Cameron South
‘Addltlon area is poorly defned because few weIIs are drllled below 12, 000 ft (3 600 ‘

) where the submarme fan system is commonly encountered On the sandstone ,
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abundance maps (figs. 14‘and 15). the sand-rich submarine fan system is shown as
being detached from the progradational upward-coarsening sandstones of the lowstand l
wedge. Sandy facies of the submarine fan may cover a Iarger area than is shown |
~and extend updip beneath' the sand-rich ‘p'art‘ of the lowstand wedge.

’The inferred zone ofﬁsand bypass and apparent predOnﬁinance of unit 2
mudstone‘in the West Can1eron Sou}th ‘Addition Area (ﬁgs. 14 and 15) is also largely
an artifact of drilling. Most wells penetrate structural highs that were also
contemporaneous bathyrnetric highs: consequentvly. some reservoir quality sandstones
‘may be concenrrated off.—s}truc.ture in_iintraslope hasins. In the I-’hgh Island area.
contemporaneous slope deposits contain as much as 500 ft (150 m) of net sandstone
just above salt (Morton‘ and others, 1991). | ‘

| Seismic facies patterns of unit 2 can be grouped into three zones. The rnost ”
landward zone consists of a broad ‘area of variable-amplitude, continuous reflections.
Basin\rvard‘ dipping clinoforms are no_tv well developed in unit 2 and are restricted to
| updip'areas (fig. 16).' Where pr‘esent clinoforms ‘occur near the' top or middle of the
_‘unlt (f'g 7) and downlap onto the basal chaotic reflectlons Clmoforms are poorly
- developed possrbly because (1) gradrents. of deposltron‘al surfaces‘near the paleomargin
~were extremely low or (2) the clinoforrns; are ob‘scui_red by syn- and post-depositional
deformation. R | ‘

'Alternating high— and low—amplitude parallel continuous. reerCtions are'ty'pical‘, ’
, selsmlc facies patterns of unit 2 especnally m upd|p areas and even in the zone : ,i

' expanded by growth faults These patterns typlcally grade basinward mto Iow-

amplltude dlscontmuous hummocky to wavy patterns with - local slump features The. :

top of unit 2 commonly comcrdes W|th high- ampltude parallel and contmuous sersmlc ,‘:";
reflectlons whereas the base is poorly def'ned on seismic prof'les
The Bul 1 to Glob a genetrc sequence (unlt 2) represents an overaII upward—

',shoalmg successron The sequence is composed of three drstmct deposrtlonal cycles e
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Thls tripartite depOSItionaI pattern is rin contrast to published sea-level curves that
indicate one complete eu_static cycle (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 receiyed a minor supply of coarse sediment. The lowé
" gradlent delta- flank ramp of unit 2 was adjacent to an entrenched system Iocated
| malnly in- the High Island area (Morton and others, 1991). The basal sandstones ‘of
each deposrtronal cycle represent |n|t|al raprd deposmon of coarse sedrments onto the
slope (ecozone 3.5 and 4) by gravrty resedrmentatron in conjunctlon with a lowstand
in sea level. Construction of thls lowstand wedge was followed by a landward shlft
in ‘coastal onlap and deposltlon of mud on the slope (ecozone 4 and 4.5) by
transgressiye and highstand systems tracts. This ‘change in sedimentation style
accompanied xdeposition of a shelf-edge delta (ecozone 2 and 3) (fig: 16). The
‘ }repetitive»pattern of both upward-fining and upward—coarsening sandstones recordsrr i
slope aggradatiOn (Iowstand and transgressive systems tracts) and subsequent ‘deltaic i
progradatlon across the contmental platform (hrghstand systems tract).

The slope apron sandstones are. generally restrlcted to a zone wrthrn 25 mi (40
km) of the shelf margin (fig. 16) whereas sand rlch submarme fan deposrts are

“encountered as much as 60 mi (96 km) basrnward 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 dep05|ted (compare f"gs 11 and 14) To the west ln
) offshore Texas, slope sandstones of comparable age extend more than 100 mi (160 '

km) basrnward of the shelf margin. Thls srgnlf'cantly greater - basmward transport was

the result of a broad entrenched _system that acted as a point source focusmg

,turbrdlty currents down the slope and concentratmg sand deposrtlon wrthm leveed
'channels and elongate submarme fans (l\/lorton and others, 1991)
Hydrocarbons in umt 2 are generally conf'ned to resedimented sandstones

deposrted by a Iowstand systems tract (fg 16 well 5, Pl 2; wells 1 and 2 Pl 3)

o



Most of the fields are looated near the paTeomargin on the upper sIope and along‘
~ contiguous depositional axes  (figs. 5’and 16). Hydrocarbon reservoirs in unit 2 range
~in depth from about 5000 ft to nearly 9,500 ft (1,500 to 2,900 m) with depths _‘
. gene‘rally ihcreasing ‘eastward and basinward. Currently deepest known accum_ulatibon in

unit 2 is in West Cameron Block 459. which is located in a graben comple)i. L

Globoquadrina altispira to Lenticulina 1 (Unit 3)

Well-log patterns of‘ unit 3 can ‘be broadly divided into two groups on the basis ;
of vertical Iithologic prof'Tes The most common and‘widel'y distributed' pattern :
consists of amalgamated sandstones that are 10 to 100 ft ] to 30 m) thick and :
have upward -coarsening or blocky log responses.. These vertical profiles (Pls 1- 3) are
normally“ restricted to the most updip penetrations.. These upward—coarsening’ |
sandstones overlie either (1) the second sandstone type displaying mixed serrate and
upward fining patterns or, more commonly (2) at least 500 ft (150 m) of marine
_shale. These basal progradatronal deltaic and shelf sandstones were deposited ln k
relatlvely shallow water (ecozone 3 to ecozone 1) and near the shoreline.

: The second lithofacies group consrsts of thin, highly |rregu|ar sandstones

mterbedded with thm mudstones These sandbodles exhibit a mixture of serrate,

o upward coarsenmg and upward fnlng Iog patterns (wells 7- 13. PI 3). Composnte‘

~aggradational sandstone packages are as much as 1, OOO ft (305 m) thrck but most |

are about 300 ft (90 m) thick. The amalgamated sandstones occur above the marine

shale contammg the Glob a extlnctron horizon. They also commonly grade upward i -

, and basinward mto marine mudstones The |rregular sandstone dlstnbutron was .’1‘,1:

_‘mfluenced by local farlure of the shelf margm (f'g 8) and excavatron of a submarme

: »cany.on (fig. 6) that,supp‘lred ._the lower Lent 1 submarine fans.,‘;,
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Unit 3 sandstones are ’irregularly distributed and discontinuous over most of the
~ study area. The general vpattern of sandstone distribution reveals alternating dip- |
oriented (north -south) bands of hlgh— and low- sandstone concentratlon (figs. 17 and
18). The distribution of Lent 1 (unit 3) sandstone abundance is nearly rnversely ‘
related to that of the Glob a genetie sequence (unit 2) (figs. 14 and 17) ‘In' unit 3,
“net sandstone thicknesses of 100 to 500 ft (30 to 150 m) are common whereas
thicknesses greater than 500 ft (150‘ m) coincide with depositional axes (fig. 17).
Anomolous thickening and thinning of unit 3 sa‘ndstones havrng east-west orientations
are related to synd‘epositionallgrowth faults. as"well, as. salt and shale diapirs
(compare figs. 4 and 17). The depositionally controlled north-south axis andd
structurally controlled east-west" axis result’ in a‘ complex pattern o‘f ;depositi‘o‘n.
Sandstone concentrations in unit 3 are generally less than 25 percent (fig. 18) '
because thick Lent 1 mudstones are »included‘in the total interval thickness. Locai
sandstone concentrations greater than 25 percent coincide with the primary
depositional ax‘e‘s. Most of the depositional thins also coincide W‘ith‘structural highs
‘ indiCating contemporaneous salt .and s.'hale reorganiiation at the time ot deposition.
Selsmrc reflectron patterns wrthm unlt 3 are complex, but they generally dlsplay
systematlc changes in a basmward dlrectlon ngh amplltude or alternatmg hlgh- and‘_' :

Iow—amplltude parallel contlnuous reﬂectlons charactenze the most Iandward zone: of .

seismic patterns. ThIS zone also contains Iow—angle clinoforms that downla‘p onto] _the.]';.' ’

'Iower sequence houndary of unit 3 (fig. 7). Clinoforms are best 'develt)ped where ‘the
genetlc sequence is relatrvely thln and composed of Iess than 300 ft (90 m) of net '

‘sandstone (compare flgs 17 and 19) Low- amplltude dlscontmuous and- chaotlc

reflections are typlcal seismic patterns of unlt 3 basinward of the Lentrc 1 expansron

‘fault zone (fig. 4).
Integratmg well logs and seismic Vfacies patterns with paleoecological  zones

.indicates that unit 3 is an upward-shoaling sequence. The most updip upward-
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coarsenmg log patterns are evidence of transgresswe and hrghstand systems tract
deposrts whereas moderately elongate slope sandstones near the base of unit 3 are
.Iowstand submarme fans and slope aprons that grade Iaterally and basmward into
slope shale (fig. 19). Concentration of sandstones at the base or in the middle of
~unit 3 mdlcates that the sand transport pathways on the slope were mamtamed or
v'repeatedly reoccupred ngh rates of subsrdence ‘and sedlmentatlon -are mdrcated by
beds of alternatmg sand and shale preserved in the lowstand fan (mixed serrate and

' upw‘ard—ﬁ’ning Iithofacies) basinyvard of the paleoshelf margin. These slope sandstones
are thicker than correlative slope sandstones in offshorehTexas»(Morton and others,‘
1991), but theyv do not extend as ‘far basinward of the paleomargin.

Strata above the lowstand slope deposits are predominantly progradational
mudstones and sandstones associated with a river-dominated delta system (iowstand
wedge) that gradually ad‘vanced the continental ‘plat,form about 25 mi (40 km) |
basinward of the Glob a shelf margin (fig. 19). Coastal-plain, deltaici. and shelf |
M sandstones composing the Iowstand_ progradational wedge exhibit both elongate and
lobate patterns. They also grade‘ basin‘wardvinto‘slope shale. In the southern part. of
" the West Cameron area, the downdrp hmrt of these lowstand sandstones |s not well
deﬁned because no wells have penetrated thls mterval south of the Tnmosrna fault
zone (fg 19) | |

| Hydrocarbon prOduction from unit 3 sandstones is ‘not'constrair‘led by
- sedimentary -facies (fig. 19). Neyert‘heless. ~no signiﬁcant ‘accUmuIation of hydrocarbons
ini unit 3 is located iandward of the Glob a shelf margin and the downdip limit of
Lent 1 suppression. The most updrp Lent 1 f'elds produce from shorezone and deltalcv
‘,deposrts of a hrghstand systems tract (fg 8) whereas the Iargest felds produce from
: slumped delta front or slope sandstones of the Iowstand submarme fan facres (fg 6

"well 7. PL 1; well 11, PL. 3).
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Lenticulina 1 to Angulogerina B (Unit 4) -

The‘ facies architecture of unit 4"varies‘systematically depending on geographic

: ’. and stratigraphic position within the deposmonal systems tracts. The most updnp :
weIIs consistently encounter blocky, aggradatlonal sandstones that are areally
extensrve and 200 to 300 ft (60 to 90 m) thick. These sandstone packages are l
separated by beds of marine shale or interbedded thin sandstones and mudstones |
apprommately 50 ft (15 m) tthk Examples of this predomlnantly nearshore and
_inner shelf (ecozone 2) deposmonal pattern are illustrated by wells 1-4 on plate 1.
Wells in middip positions encounter thin upward-coarsening sandStone cycles
separated by marine shale;.tha’t.‘ were deposited in outer shelf environments (ecozone "

3-3.,5).- A few centrally located mlddip’ wells encounter thick marine mudstones that

contain isolated, thin (200 ft. 60 m) upWard—coarsenln_g sandstones at the base an'd‘, e

»top‘ of,the 'sequencef (well 12, PI. 2). This anomalous‘ decrease in sandstone"

',‘abundance (figs. 20 and 21) is related to contemporaneous uplrft upthrown on the
subreglonal A B expansron fault zone . and possibly a mud-filled entrenched system._ .
Selsmlc ewdence that could resolve this dlfference in mterpretatron is mconclusrve

because of degradation in data. quallty

Abrupt changes in thickness and log facies patterns occur in unit 4 basinward of

”the major Ang B expansion faults (fig. 4). The expanded Ang B section typlcally is Y

comprised of three sand-rich parasequence sets (wells 17 and 18, Pl 1 wells 13 and

14, PI. 2). The oldest parasequence set is bounded by the Lent 1 and Crlstellarla S :

(Robulus 64) extinction horizons. The younger two parasequence sets occur between

the Crrstellana S and Ang B extinction horlzons Each parasequence set is. 1 OOO to

:2,000 ft (305 to 610 m) thick and composed of vertlcally stacked m|xed upward—
coarsenmg and upward flnlng sandstones Some paleontologlcal reports lndrcate that S

"the oldest parasequence set is in the upper Lent 1 (unlt 3) genetrc sequence
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However. detailed Well log and‘seismic interpretations demonstrate that this basal |
parasequence set is slightly younger than unit 3 and the paleontological dlscrepanaes‘
~are probably the result of faunal reworkmg The lower two sand-rich parasequence
 sets are relatively uniform in thlckness along dep’ositl_onal strike whereas the,uppe_r
mud-rich parasequence set is wedge shaped ‘a‘nd“pinches out to the east and to the‘ KAt
west. | | k

- The most downdip sandstone facies of unit 4 are uncertain because the MgB
fauna is not ‘reported for‘wells‘in the southern West. Cameron South Addition and
“ Garden Banks areas (fig. 22). Apparently the basinvi/ard limit of faunal occurrence is
related to the upper s‘Iope depoSit‘ional environment that precluded growth of the
benthic,.foram population in‘ water depths greater than about 450 ft. Where the Ang
B fauna is present, the sequence is ‘characterized by "irregular log responses that
‘include mlxed upward fmmg and upward-coarsening patterns (wells 19—23 Pl. 2). The
parasequence sets exhibiting these characterlstlcs are composed of isolated and
,'dlscontmuo_us sandstones 15 to 30 ft (4.5 to 9 .m) t;hICk that, appear to bebwrandomly R
distributed throuighout the genetic sequence. These'ei(tremely thin -vsandstones are
‘encased in thick sIope mudstones which ‘were dep05|ted in ecozones 4 and 5. .

Sandstone dlstrlbutlon in unit 4 is cIoser reIated to penecontemporaneous

deformation as well as local failure of the shelf margin (fg 7). Most sandstone thlns

_are near salt dlaplrs or shale ridges or W|th|n a horst. Net sandstone thlcknesses are .

typically greater than 500 ft (150 m) and locally as much as 2000 ft (600 m) of net o

| sandstone are present (figs. 20 and 23) Deepwater shale appears to be the

: predomlnant I|thology in the southern West Cameron and adjacent western Garden
‘Banks areas. Sandstone concentratlons in unit 4 are between 5 and 68 percent (f'g.‘." i
21) and hlghest sandstone concentratlons (30-60 percent) coincide with the © *
depos:tlonal axes Because the A__g B stratigraphlc marker is uncertain in downdlp

: __’weIIs a map of net sandstone that mcludes both the Ang B and H al b sequences
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was prepa_red to emphasize the thickness and distribution of post—Lent 1 sand-rich
- depositional systems in the Garden Banks area..(ﬁg. 23).

Clinoform reflectlons are present in unit 4 (fig. 6) but are not well developed

. (fig.. 22) probably because of the hlgh sandstone concentratlon and syndeposntlonal

~ deformation. Selsmlc proflles show that fluvial incision is common in updlp areas.
Chaotlc seismic reflectlon patterns are persistent basinward of the subreg|onal A B
fault zone. This zone “of dlsturbed sediments coincides with the three }parasequence "
sets. | } | |

| Depositional systemsfanalysis of unit 4 (fig. 22) .indlcates that the updip blocky
sandstones were dep05|ted on the stable platform as deltaic and other nearshore
‘faaes by transgresswe and hlghstand systems tracts. In contrast, the thm
amalgamated upward- coarsemng parasequence sets at the top of the sequence ‘were
deposrted as distal- delta|c and outer- shelf faaes also assoaated W|th transgresswe
and hlghstand systems tracts. Deposmonal axes of the updip- sandstones were largely
mhented from the Lent 1 genetic sequence (fgs 19 and 22) Parasequence sets of
un|t' 4 mainly exhlblt'mlxed upward-fining and upward—coarsenmg vertical proﬁles ‘
‘immediately basi‘nward of the Lent 1 fault zone and shelf margin These
aggradatlonal and progradatlonal deposits represent |n|t|al constructlon of the
contlnental platform and subsequent upbmldlng and outbmldlng of the shelf margm
by a lowstand progradatlonal wedge and hlghstand shelf—edge delta system o

Southward flowmg coastal- pIa|n rivers fed the Iarge shelf—edge delta system that

prograded about 20 to 25 mi (32 to 40 km) basmward of the Lent 1 shelf margln ": -

(fig. 22). The extremely thm hlghly wregular downd|p sandstones represent dlstal _:,: e

fturbldltes deposnted on the adjacent lower slope The A ng B slope sandstones were go

: dep05|ted |mmed|ately basmward of the Lent 1 slope sandstones (f'gs 17 and 20)
The great influx of sedlment deposrted by the shelf-edge deltas rnltlated or

'reactrvated reglonal growth faults and salt domes These structures created addltlonal :
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accomOda_tion space .vthat trapped most of the coarse clastic detritus.‘,As a result.v
unit 4 deposits are extremely» thick near‘ the paleomargin and rapidly thin downslope
(fig. 20). Transport of most coarse detritus down the paleoslope was Ilmlted by
S|multaneous movement of faults-and d|ap|rs near the contemporaneous shelf margm
Unit 4 contains more hydrocarbon reservorrs than any of the other genetlc
sequences (fig. 22), whether or not it also contains the largest volume of
hydrocarbons compared to other Pllo—PIe|stocene sequences is unknown because
reserve estlmates are not dlfferentlated for. each reservoir in multlple reserv0|r felds
Some hydrocarbons in unlt 4 are preferentlally trapped in the Cnst S Iowstand |
progradatlonal wedge (ﬁg 8) but most are contalned in the sllghtly younger shelf
margin delta sandstones (well 10, PI 1; well 13 Pl. 2). The reservoirs are
resedimented delta—front deposits transported by mass movement as evidenced by
chaotic ’seismic facies; Basinward pinchout of these lowstand deposits upthrown and
structural'ly high on the Trim A fault zone -(we"s 12’and 13, PI. 3) repreSent a
possible basrnward extensron of thIS sequence The most upd|p fields in unit 4
produce from shorezone sandstones deposrted by transgresswe and hlghstand systems

tracts_ (fi ig. 7).

~ Angulogerina B to Hyalinea balthica (Unit 5)

Four electric Iog patterns descrlbe the faaes architecture of unit 5 dependlng on

v. geographrc Iocatron and deposrtronal settmg The most updrp wells encounter thln
'aggradatlonal mterbedded sandstones and mudstones in the lower half of the o
sequence These undrfferentlated parallc or nonmarine deposits grade upward mto
'shorezone dep05|ts charactenzed by two massive blocky sandstones ‘about 200 ft (60
m) thrck separated by a “shale mterval about 20 ft (6 m) thlck (wells 3 and 4 PI

B 2) Shghtly farther downdlp unit 5 is composed of several aggradatlonal blocky
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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 envir,onments (ecozone 2).‘
Middip wells typically’ encounter upward-coarseni‘ng sandstones that are verticallyv
stacked ‘i‘n parasequence sets up to 300 ft (90 m) thick (wells 14-17, PI. 2). This
~ facies architecture is accompanied by 'a decrease in sandstovne\a'bundance because
marine mudstones of comparable,’ thickness separate the sandstones. These outer shelf
sandstones (ecozone 3) thin‘ basinward ju‘st-‘updip of the Trimosina fault zone (fig.
8). Repeated collapse and excavatlon of the _y_l b shelf margin (f'gs 5 and 8) 3
promoted grawty resedimentation of the outer shelf sands
Within and south of the Trlmosma graben complex unit 5 is composed of =
aggradatronal, ‘mixed upward—coarsenmg and upward-fining parasequence sets that are
300 to 600 ft (90 to 180 m) thick (well 20. PI. 1; wells 19-25, Pl. 2). The sands
were origlnally deposited in shallow water (ecozones 2 and 3), but were subsequently '
redeposited in upper and middle slope environments (ecozones 4 and 5). Extensive
resedrmentatlon is revealed by the chaotrc seismic facies as well as by the deep

water mudstones that encompass the slope sandstones The slope sandstones extend

into the northern Garden Banks area, but their dOWI’Ide limit has not been precrsely

established because of the sparse number of exploratron wells (fig. 24) Furthermore
net and percent sandstone values for unlt 5 in the Garden Banks area are somewhat '

imprecise because the Ang B ,fauna is absent basinward of the Trlmosma‘ expansion

zone (fig. 22).

Net sandstone thrcknesses of unlt 5 are typlcally Iess than 700 ft (210 m) The"";

prlnC|pal deposrtronal axes lndlcate southerly transport across the Lounsrana shelf
(figs. 24 and 25) In contrast to these north south trends alternatmg bands of -
“hlgher and Iower net sandstone thlckness onented approxrmately east- west are relatedslb .‘
to ‘movement of salt dlaprrs and growth faults near and Iandward of the A_g B shelf

_margin. Umt 5 sandstonesv, thin over active salt-cored hl'ghsfb-nearvthe shelf margin and_ S



are mostly absent in contemporaneous slope deposits of the adjacent wrthdrawal
' synchnes (fig. 24) Percent sandstone values for unit 5 range from less than 5 to
~ more than 75 percent (fig. 25) This Iarge range in sandstone concentratlon is due to

. facies changes as weII as the mfluence of salt domes and growth faults.

The Hyal b collapsed shelf margm and entrenched system (figs. 5 and 26) was G

located between the contemporaneous salt—cored growth structures where the ﬂy_l b
and Ang B markers converge upthrown on major Trimosina faults. The convergence
of the Ang B and Hyal b correlatlon markers over paleotopographic highs (figs. 5-7
and 26) explains why the second extlnctlon horlzon of A_g B comcrdes with the
Hyal B (unit 4’) correlation marker in somewells. The paleotopographic highs caused
substantial thinning of unit 5 'and a :concomitant increase in mudstone deposition.
The th.inning is observed in seis‘mic re’flections that COmmonIy merge in the hanging
wall near the fault plane (figs. 5- 7) The convergence of mapplng horizons records
the reduced accommodation space that accompanled srmultaneous uplift and Iowenng
of base level. The timing and stratigraphic*signiﬁcance_ of structural deformation |n
unit 5 is similar to t‘hat in theadj‘acent High Island area (Mortonand others, 1991). -
‘The‘ principalaxes of sands‘tone‘deposition for unit 5 (fig. 26) are evidence of
rep‘eated:and prolo‘nged occupation of quviaI—deltaic systems. These rivers and deltas
ocCUpied area's that subsided at moderately high rates due "to e\iacuation of salt while
“adjacent -structurally positive areas were buttressed by salt diaplrs and fault- bounded
horsts. Low net sandstone values updip of the Trlmosma fault zone (figs. 4 and 24)

are related to erosion and/or nondeposrtlon of Hyal b sedlments

Selsmlc facres of unit 5 can be broadly d|V|ded mto two groups on the ba5|s of» :" s

reﬂectron amplltude High- amplltude parallel contlnuous reflectlons are persrstent
' landward of the Trimosina fault zone whereas Iow amplltude drscontmuous or s
divergent reflectrons occur basmward of that zone. Clmoforms are absent from most

of unlt 5 (Fg 26) because the section that normally would contain these reﬂectrons '
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’ is extremely thin or eroded. Where present, - clinoforms doWnlap onto the contorted

sediments of the.collapsed shelf margin (ﬁg 5). | |
vDepositional systems of unit 5 (fig. 26) are similar to‘those of the older

stratigraphic units with two exceptions:» (1) s~lope‘ sandstones are limited in their
lateral extent sea‘ward of the shelf rnargin‘ and (2) geological responses to fluctuations i
~in re,lative sea level and tectonic activity were more complicated. Growth of a salt_
swell into a salt ridge near the Ang B shelf margm elevated the Hyal b section.
Th|s uplift removed or prevented srgnlf'cant sandstone deposmon except in the
central part of the West Cameron South Addltlon area.

Slope sandstones of un|t 5 basinward of the Trrmosma fault zone were deposited
near the shelf margin rather than farther down the slope or on the basin floor. .
These thick sand—rich parasequence sets were deposited by lowstand shelf-edge deltas
| and later transported farther downslope by slumps and turbrdrty currents. Deposition }
occurred near: a river mouth where growth faulting and a relative rise in sea level
created addltronal accommodatlon space. Most of the updlp and mlddrp sandstones
bwere deposited as transgresswe and hrghstand systems tracts in delta plaln delta
front, and shelf envrronments where subsrdence rates were relatlvely low. The
underlying »stable platform, which was constructed 'during ‘the Ang B (unit 4)
regression, minimized the rates of subsidence. Accornodation space for these |
sedimentsb was created mainly by a relative:risei in sea'level ‘ ot |

Most of un|t 5-in the central part of the West Cameron South Addltlon area |
Was transported downslope dunng excavatlon of a minor submarme canyon (f'g 5)

’The canyon was located jUSt landward of the falled _A_g B shelf margln (fig. 26)

~ The youngest episode of slope fallure and. entrenchment occurred durmg a fallmg seat:'i'”“.‘v
vlevel and lowstand shortly before the Hyval b transgressuon Associated. lowstand i
\deposns locally form a relatlvely- thick wedge of sand—rrch sedlments. Basmward of

_the Trimosina fault zone, the Iast occurrence of H Hyal b is commonly reported near
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the basal unconformuty This is because the A__g B- H al b section was removed by
erosion. Excavation of the submarme canyon and associated deposition (fig.&» 5)
contradict the coastal onlap curve of Haq and others (1987) and Beard and others
(1982). Both of those cur\res indicate ‘only deposition by highstand systems tracts for -
the Ang B to Hyal b ‘depositional»’episode. |

Most of the hydrocarbon accum‘uvlations in unit 5 ;are’ located ‘vlandward of the
 shelf margin (ﬁg‘s. 5. 7. and 26); ‘The gas-istrapped |n the upper part:of 'tvhe
highstand systems tract.sandst‘ones‘ j‘u“stf below theregional I_-h@u shale. This
~ youngest sandstone succession‘ exhibits an upward—t"ning‘ fa'cies -architecture that
documents coastal retrogradatron that accompanled the _}iy_l_ b termmal transgressmn

The few downdip reservoirs (fig. 7: well 18, Pl. 2) are thrn, 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 archltecture of unit 6 alsovvarles dependmg on geographlc Iocatlon

‘and stratigraphic posrtlon In updlp wells the sequence is composed of alternatmg
blocky sandstones and- thin, rnterbedded sandstones and mudstones arranged in
several parasequence sets approxrmately 200-300 ft (60-90 m) thick (wells 1-4, PI. 1;
wells 3-15, Pl 2). The updip sand- r|ch parasequence sets commonly are sharp based

but “in nji‘ddip positions they grade into upward-coarsenrng, blocky, and‘upward—ﬁning
: parasequ‘ence 'sets (Wells 11-19, PI. 1) reflecting progradation, aggradation,, andv )
‘v fretrogra'dation in relatively shallow‘ water (ecozone ’-2)._'St.ratigraphic‘th‘ickness of the
updip ‘and"middip sequenCe is relatively Uniforrn': hecause of slow SUbsidence and
minor structural deformatron Desplte the unrformlty in stratrgraphlc thlckness
sandbodies are dlscontrnuous as a. result of deposmonal processes in nonmarme and

transmonal envrronments
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FaC|es archltecture of unit 6 is less systematlc basrnward of the Trimosina fault
‘zone. Downdrp wells encounter mlxed upward-coarsening, and upward- f'mng |
parasequence sets composed of amalgamated thin interbedded sandstones and
mudstones. The sand-rich parasequence sets. have a serrate log pattern and- are as
much as 700 ft thick (wells 19- 23 PI. 2; well 15, PI. 3). Most of the sandstone in
sequence 6 occurs in the lower two-thirds of the sequence The upper third is_ S
composed of upward coarsenlng then upward- f'nmg log patterns indicating
progradatron followed byrretrogradatlon. Faunal assemblages assoaated W|th‘these
parasequence sets indicate deposition in 'outer shelf and upper slope envlronmen_ts
(ecozones 3 and 4). The sandstonesgrade b‘asinw'ard‘ mto extremely thin, upu/ard— -_
“ﬁning and upward-coarsening sandstones separated by thicl< intervals - of slope -
mudstones (ecozones 4 and 5).

Net ‘sandstone thickness (fig. 27) and sandstone percent (rg 28) of unit 6
define two separate trends. The northeast-southwest trend parallels the primary
»deposrtonal axes, whereas the northwest—southeast trend reflects interaction of
'syndepositional faulting, subsidence and sediment su’pply. Alternating bands of thiclk‘

and thin net sandstone are a 'response to downwarp and structural rotation near the

, master fault plane and stability or minor uplift'over structures formed downdip'near : g

the youngest famlly of faults (f'g 5- 8) Desprte Iarge net 'sandstone thlcknesses |n
the expansron zone (f“g 27) percent sandstone values are Iow (fig. 28) because

_intercalated shales are also thick (wells 19-23 Pl. 2) Dip- orlented sandstone thicks .

~ of unit 6 are slrghtly offset compared W|th promrnant depoaxes of ‘unit 5 (compare i

f'gs 24 and 27) Except in the Garden Banks area, salt does not. penetrate unlt 6
”because of its relatlvely young age and thlckness (f'gs 27 and 28). | gt
Sandstone abundance decreases along the _I-.l_y_l b shelf margm reflectmg a
' basrnward thmnrng of the mterval above a former dlscontmuous salt ndge as well as

a basmward decrease in sand deposuted by the. lowstand and transgressnve systems
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tracts. Steep contour gradlents |llustrated on net and percent sandstone maps (figs.
27 and 28) coincide with the lowstand progradational and aggradational sandstones

The updip limit of thick lower Trim A sandstones is controlled by the Trimosina |
expansion fault zone, whereas the dOWI‘Ide l|m|t of thick sandstones cornC|des wrth
" the counter—reglonal fault zone except Where feeder channels pass rnto the western
Garden Banks area. Lower Trim A sandbodles are probably channel f'll and shorezone
deposrts that aggraded during lowstand and rising phases of sea level. They were
then transgressed and burled by a blanket of outer shelf and upper slope mud during
the ensuing highstand. i 4

~ Seismic reflections of updip strata of unit 6 have variable amplitudes and
vanable continuities; discontmuous erosronal surfaces and small incised channels are e
also common. Middip seismic signatures are mostly hlgh-amplltude. continuous ‘and
parallel reflections‘. These seismic patterns pass‘ basinward into low—amplitude. parallel:
reflections that are either continuous or d|scont|nuous Hummocky to wavy reflection
patterns of ‘the lowstand wedge are generally restncted to the most basinward zone
of low-amplitude reflections. |

Low—:angle' clinoform reflections are common’ nearﬂthe Hyal b shelf margin (fig.
29), which also coincides with the transition zone between :dis‘continuous and
“continuous reflectrons Clinoforms are. absent in the eastern half of the study area
| ‘where sandstone percent is hlgh (compare ﬁgs 28 and 29) ln the mlddle of the
study area clmoforms in the basal part of unlt 6 downlap onto the _I:_Iy_l b shale |
‘ (f'gs 7 and 8) These progradatronal seismic faC|es occur basmward of the H l b

clinoform zone and landward of'.the Trimosina fault zone (figs. 7 andg8).»

Unit 6 strata are a composite of several depositional systems (fig. 29). In updip

gband middip positions, the sequence is composed of aggradational coastal plain. facies.
'The sand-rich facies were deposrted by fluvial-deltaic and barrier strandplam systems

whereas the mud- nch facres were deposrted by chenier plam or. lagoon systems
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representmg the transgresswe and hlghstand systems tracts. In downdip positions the

B “highstand and Iowstand 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 decreasmg away from the depocenter

The Hyal b—Trim A.stratigraphic interval (unit 6) is the youngest "Plio-‘

~ Pleistocene sequence of offshore southwestern Loumana havmg substantlal
hydrocarbon reserves and exploratlon potential. Most of the gas reserves are hmlted
to the southern half ’of the study area (ﬁg.,29) where sandstone abundance‘ is

: greatest.- Most of the hydrocarbons are trapped at the top of thick sandstone
parasequence sets‘ deposited by shelf-edge delta systems near or hasinward of' the
b'ﬂj&l b shelf margin - (fig. 6r,well‘s 21‘ and 24, Pl. 2). Retrogradational sandstones
deoosited' in response to the relative rise in sea level associated with ‘the Trim A
transgression are also important 'reservoirs. Other minor acc‘umulations are related to
vertical 'migration around salt domes and leakage from older reservoirs (fig. 7). The
: northeast southwest trend of fields producmg from un|t 6 cuts across deposrtronal
grain and assocrated facies boundarles reflectlng the domlnant structural control on

hydrocarbon dlstnbutron (fig. 29)

' Trimosina A to G‘Ioborotalra flexuosa (Unit 7)

Unit 7 is the youngest hydrocra'rbon—bearing sequence of thick shelf-margin
dep05|ts in the West' Cameron South Addition area. Furthermore, it is the least
deformed PIro—Plelstocene sequence wrth enough well control to map reglonal genetic
stratlgraphy. Therefore, it serves as a good analog for some of the older Plflo—:. ol
- Pleistocene sequences ‘that. \rvere influenced. by sea—level fluctuations and rap,id

subsidence.
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Not all of the available well logs record lithologies of unit 7 because of its
shallow depth. Electric logs of unit 7 (Pls. 1-3) reveal that the balance among
sedlment supply. subsidence, and eustacy favored a dommantly mud-rich
retrogradatlonal and aggradatlonal facies- archltecture compared to the progradatlonal T
~ and aggradatronal architecture of underlymg Trimosina A sedlments (umt 6)

, Furthermore the Iocus of thickest, most masswe nearshore sandstone deposmon‘.
shlfted landward compared to unit 6. Typical electrlc Iog patterns for updip and
middip wells are thin, upward—coarsenmg and upward-fining sandstones separated by
'mudstones of comparable or greater’vthickness (wells 11-18, PI. 1; wells 11-18, Pl 2;
and wells 2-13, Pl. 3). A few updip wells.encounter sharp—based. blocky channel-fill
sandstones as much as 150 ft‘ thick (well 5.’PI.‘ 2; and well 1, PI. 3).

Unit 7 abruptly thickens and both lithofacies and biofacies change dramatically
basinward of the Trimosina fault zone. Within the -T‘rimosina graben, unit 7 is
com\posed of sand—rich parasequence ‘sets (wells- 19—22 PI 2) dep05|ted in outer shelf
and upper slope environments '(ecozones 3‘5 to '4) The sandstone parasequence sets
- generally range from 200 to 400 ft (60 to 120 m) thlck Basal sandstones are |

'dlscontmuous in strike and d|p dlrectlons whereas the uppermost parasequence set lSk.,' :
: composed mostly of thin, upward coarsenmg sandstones at the top of" the sequence

The uppermost sandstones are relatlvely continuous over their Ilmlted ~area of

deposition. These outer shelf and upper slope sandstones rapldly pass . basmward mto“,_f‘_

slope mudstones (ecozones 4. and 5).

Patterns of sandstone abundance and sandstone concentratlon for unit 7 (f'gs
v130 and 31) ||Iustrate that the subreglonal depocenters were inherited from unit 6.
k, Most of umt 7 contains less than 300 ft (90 m) of net sandstone and is composed

_‘of less than 30 percent sand Sand concentratlon is Iow even wrthm the graben

‘complex where unit 7 is about 2000 ft (610 m) th|ck The downdlp Iobate geometry_ :

of sandstone deposrtron is an artifact of the Trrmosma graben system. Secondary
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updip ‘depositional aixes represent the locus of ﬂuviali—’deltaic» deposition on t_he
relati‘veiyv stable platform previously constructed by deltaic systems of unitsi'5 and 6.
Aggradation rates in the graben complex were exceptionally hlgh as salt evacuation
and a relative rise in sea level created new accommodatlon space

Seismic stratal patterns of ‘unit 7 |n Updlp posmons are variable- amplltuder
mostly wavy and dlscontmuous reflectlons W|th smaII cut-and-fill erosional features
Interconnected fluvial systems landward of the fault zone are expressed as channels :
encompassmg hummocky to wavy reflections. These irregular reflectlons drsrupt the
surrounding hlgh—amplltude continuous reflections. These seismic faC|es pass basmward
into variable-amplitude, parallelicontinuous reflections “Iocated in middip:positions and
updip of the Trimosina fault zone. Basinward of the Trimosina fault zone, seismic
reflections are disorganized and chaotic. On seismic profiles, these chaotic zones are
characterized by intraformational sIumps and other syndeposmonal deformatlon
features rndlcatlve of ‘mass transport near the shelf margin. These zones of deformed -
strata typically occur near the top of the sequence and are underlain by conformable
high-amplitude‘ r‘eﬂections or downlapping clinoform reflections. Slumping and mass
transport processes were responsnble for resedlmentatron of the upper third of the
‘sequence whereas the lower . thlrd is dommantly progradatlonal

Low- and hlgh angle clinoform reflectlons are promment near the tran5|t|on
between the parallel and chaotic reflectlon patterns The selsmic faC|es transmon
coincides with the Trimosina fault zone, which continued to influence'_pa‘tter‘ns' of' '

deposition.  Clinoforms typically occur near the basal part of the sequence and

*downlap onto the Trim. A transgressive shale. This type of progradational pattern is

seen across the southern West Cameron South Addlthl’l area (f'g 32). Near the - T
: West Cameron- ngh Island boundary clmoforms occur in the middle of unit 7 (fg
8). In each of these settmgs the clmoforms ‘grade basmward |nto discontmuous wavyv i

~ reflections.
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The lowstand and transgressive systems tracts of unit 7 are composed of
coastal plain and nearshore lithofacies. The lithofacies include fluvial channel
“sandstones and associated floodbasin' mudstones platform deltaic sandstones and
prodelta mudstones contammg middle and outer shelf (ecozone 2 and 3) faunal
,assemblages These platform facres grade westward into delta fringe and shelf
- sandstones and mudstones (fig. 32).

The thick succession of sedrments in the Trrmosma graben‘complex was
dep05|ted primarily in outer shelf and upper slope enwronments (ecozones 3 and 4)
by a Iowstand shelf-edge delta system The Glob ﬂex shelf margin remamed in -
approxrmately the same posmon as the Trlmosma A shelf margin except near the
West Cameron East Cameron boundary where maximum deposrtron of coarse clastlcs
advanced the contmental pIatform about 6 mi (10 km) basinward (fig. 32) |

Unit ?offers,only minor exploration potentlal for hydrocarbons. Sandstones
assouated wrth the Iowstand deltas serve as the hydrocarbon reservoirs deposrted
near the paleoshelf margm (ﬁg 32; well 20 PI. 2). Most of the gas in unit 7 was
& trapped within the Trrmosma A_graben complex.v The hydrocarbon accumulations are
‘aligned in a northeast—southwest trend,that ‘is ‘ob’rliq',uei to the regional structural

trend.

Post-Globorotalia flexuosa (Unit 8).

Sedlments above the Globorotalra ﬂexuosa correlation marker are generally less

S than 1, OOO ft (300 m) thrck In the Trlmosma graben complex as much as 2,000 ft

(600 m) of Wrsconsrnan age sed|ments were deposited (fig. 8. Pls 2). Late

-_'Quaternary sandstone trends and mterpreted depositional systems were not mapped " A

for unit 8 because too few electnc Iogs record the near-surface sedlmentary sectlon g"{ N

This shallow. interval has been extenslvely. studied by Suter-and Berryhill ,(1985),1 A
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‘Berryhill (1987), and Coleran and Roberts (1988) who fused numerous high“-resolution
seismic proﬁles and engineering foundation borings to reconstruct the post-Sangarnon
depOsitional history of the Louisiana-Texas outer continental shelf.

 Results of these mvestlgatlons are appllcable to the present study because they
| provrde insight into the composnte nature of shelf margin deposits and the mfluence
,‘ of both major and minor ﬂuctuatlons in relatlve sea level. Integratlon of Ilthologlc ;
descriptions and seismic prof'les of unit 8 permlts detalled mapping of meandenng k
streams within entrenched valley systems, delta lobes, and related barrier island
' systems, as weII as the types of sequence boundaries and mternal stratal patterns

that are commonly used to interpret multlchannel seismic data

SUMMARY OF DEPOSITIONAL AND STRUCTURAL HISTORY
Late Miocene and Early Pliocene (6.0 Ma - 3.7 Ma)

Durmg the late Mlocene wndespread coastal regressmn |n|t|ally advanced the
contmental platform in offshore southwestern Loumana and southeastern Texas but
later the platform subsuded and was flooded as sedlment supply diminished and ‘
relatlve sea level rose. Deposmon in. southwestern offshore Louisiana pnmanly
con5|sted of aggradatlonal and retrogradatlonal distal deltalc outer shelf, and upper
slope sandstones and mudstones. | -

- Progradational wedges of clastic sedlments were progresswely shlfted Iandward as
the shorellne/shelf equmbrlum entered a retrogradatlonal phase (Morton and others |
1988) Mud- nch transgresswe systems aggraded the continental slope and constructed""
"‘a broad mterdeltalc ramp. as evndenced by the tthk succession of f'ne-gramed upper |

‘.\Mlocene—lower Pllocene sedlments (weIIs 4 and 5, pl. 1) dep05|ted in abyssal and
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“lower slope environrnents (ecozones 6 and 5). The retrogradational phase of
- deposition culminated witb the Robulus E regional transgression (5.5 Ma, ﬁg 1) and
the aggradational phase of marine mud deposition lasted through the extinction of -
Textularia X (4.6 Ma, fig. 1) '

: FoIIoWing the late Miocene and earliest Pliocene transgression and highstand .-in
sea level, the fvprincipal drainage systems flowing’invto‘the Gulf of Mexico responded
to a slight fall‘ in sea level by rapidly prograding the shoreline and delivering coarse
“clastics to the contemporaneous' outer'shelf and upper slope. The axis of this
- deposition in Louisiana was located slightly west of the 'locus of late Miocene
" deposition (Woodbury and others, 1973). ln the West Cameron area, the middle
Pliocene ‘Bul 1 interval (unlt 1) contains thin, upward -coarsening sandstones of distal
deltaic and shelf origin encased in th|cker prodeltaic and shelf mudstones. These early
Pllocene depocenters were supplied by shelf—edge deltas that constructed a slope
apron of lowstand wedges and a delta platform near the paleo shelf margin (f'g 13)
The sand rich deltalc systems passed westward and basmward into mud-rich shelf ‘
and slope systems, respectively. ‘ L

The rising sea level phase of the early Pliocene deposmonal cycle culmmated

about 3.7 Ma in a wrdespread transgressron contammg the Buliminella 1 (Glob

nepenthes) extinction horizon (Fg 1) Water depths mcreased across the outer shelf
“and .upper slope, but the. relative rise in sea level was mlnor compared to exlstlng

‘water depths; therefore changes in faunal assemblages were msrgnlf'cant
Middle Pliocene (3.7 Ma - 2.8 Ma)
The mlddle Pllocene rapid influx of coarse terngenous clastics (unlt 2) also

comcrded with an abrupt fall in sea- level about 3.0 Ma (Beard and others 1982).1 ;

ThIS lowered base level exposed the contmental ‘shelf and caused entrenchment of .
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fluvial systems within a subma‘rine pediment thatwas excavated in the adjacent High
lsland area ‘(Morton and others, 1991) In the West Cameron area, sand deposrtron '
Was restrlcted to the slope apron. and submarine fans near the contemporaneous shelf
' margin (f'g 16). | | |
Bathymetrlc highs controlled the pathways of sand transported downslope Some
: emergent salt structures and fault escarpments trapped the coarse bedload of
“turbidity currents preventmg deposrtlon farther downslope whereas other bathymetric i
highs merely deflected the turbldlty currents and focused their discharge of sand
between growmg structures Durlng the sea- level lowstand, slope systems dellvered
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 falling sea level approached the
rate of subsidence. Eventually a relatlve rise in sea level flooded most of the
platform (transgressive systems tract)"and caused retreat of the shoreline to a
_ posrtlon similar to that during the early Pllocene transgressuon At the same tlme
| slope deposrtlon terminated except for hemipelagic mud that was draped over the
submarine fan dep05|ts. | |

The marine condensed section associated with the middle Pliocene transgression
" contains the Glob a extmctlon honzon (2.8 Ma) The Glob a faunal assemblage is
absent in updip wells because (1) it did not live in nearshore envrronments and: (2)
the Glob a hlghstand in sea level was not as h|gh and therefore marine rnundatlon
was not as wrdespread as dunng the preceedmg Bul 1 (3 7 Ma) and followmg Lent

1 (2.2 Ma) hlghstands
- Late Pliocenei (2;8A‘Maﬁ - 2.2 Ma)

_.About 2.4 Ma (ﬁg 1) sea level abruptly fell to a positionvnear-or below the 3.0

Ma lowstand,_ (Beard and others, 1982; Haq'and‘others. 1987). This_’ regresSl\le.etjent '
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‘-v(unit 3) is seismically expressed updip as an erosional unconformity and dOwndip'asv
cIinoforms‘downIapping onto the Glob a condensed horizon (fig. 7). Sand,transport
pathways were mostly inherited from the prewous (Glob a) slope apron system (f'gs.»
14 and 17) The slope sands are thickest where rapld deposition along the unstable
~shelf margm remobilized salt and created addltlonal accomodation space. This
vlowstan‘d depos;tlonal event termlnated when sea level stabilized. Continued
subsidence resulted i‘n a relative rise insea Ievel that reduced sand sUppiy to the
- slope except for redistribution of slump deposits by turbidity currents near the shelf
margin. Mud drapes buried the submarine fan deposits isolating them fromr th‘e.
’overlying‘ progradational sandstones, which were deposited by multiple lobes of a
shelf-edge delta system‘. |

The relatine rise in sea level that ended deposit’ion of sequence 3 caused
irregular landward retreat of‘the shoreline and an up‘wardv—deepening succession of
fnarine mudstone deposited by outer—shelf and uppet—slope systems. The marine
condensed sec’tion a,ssociated with this transgression commonly contains the extinction.

horizon of either Lent 1 or Glob miocenica (2.2 Ma).

Early Pleistocene (2.2 Ma - 1.5 Ma)

The early Pleistocene depOsitional.megacyc‘Ie (unit 4) Began.about. 1.7 l\/la'
however the major mﬂux of coarse clastlc detrltus was related ‘to a fall in sea level
about 1.6 Ma. Thick sandstone parasequence sets (ﬁg 20) constructed a lowstand
wedge which'is Iocated principally in the West ‘Cameron South Addition area (fig.

22). This regresswe deposmonal eplsode aggraded the slope and advanced the

icontmental margm far beyond the maximum Lent 1 shelf edge It also Juxtaposedf»'f

sand-rich nearshore deposits on thick slope, ‘mudstones of the Lent‘ 1 transgresswe
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and highstand ‘systems tracts. The-sandy lowstand wedge is generally thickest and
best developed west of the Lent 1 snbmarine fans (ﬁgs. 17 and 20).
Rapid loading of salt structures‘ on'the»upper slope caused simultaneous fault
- activation, dome growth. and development of withdrawal basins. Despite these ‘
potential sediment traps, ‘a substantial volume of sand Was transported dow‘nslope’
more. than 60 mi (96 km) basinward of the shelf margm At the. end of this
regressive episode (unit 4), maximum progradatlon of the shelf margm coincided wrth,
the discontinuous salt ridge complex that extends across the West Cameron South
Addition area. | : G
The early Pleistocene slope syste:ms are preserved as sand—rich‘parasequence‘sets )
deposited by turbidity currents that originated near th’el contemporaneous shelf
rnargin. Most of the deltaic sandstones are vertically stacked outer shelt depOsits‘,
indicating a balance’between s‘helf margin subsidence and sediment supply.;The |
: regressive depositional phase'was terminated by a relative rise in sea level about 1.5
Ma (Ang B transgressron) ThlS ‘basinwide transgressron caused a Iandward shlft in
the shorelme deposrtlon of outer-shelf mudstones over the deltaic deposrts and

deposmon of upper—slope mudstones on the adjacent ramp (transgressrve systems

~ tract).

Middle Pleistocene (1.5 Ma -.f'j0,65‘-l\/|ab)

After the reglonal _A_g B transgressmn ‘moderately large delta systems prograded
across the stable platform and beyond the paleoshelf margin leavmg a record of
vupward coarsemng sandstone and mudstone parasequence ‘sets (unlt 5) Thlcknesses
‘~ of the delta deposrts depended partly on water depth Thick Iowstand wedges formed.v‘ V
in_relatively deep water seaward of the _A__g B shelf margm whereas thm deposrts |

accumulated |n relatlvely shallow water on the stable platform
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Faults and salt diapirs in the West 'Cameron depocenter were active during this
depositional episode as demonstrated by substantial 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 aﬁnd concomitant
uplift or stability along a salt ridge near the High lsland—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 dep05|ted far down the slope by a comblnatlon of
, slumplng and shelf margin entrenchment |

The initial regresswe event may have occurred durmg a hlghstand or it may
have been a response to a slight Iowerlng of sea level (fig. 1) In either case, a Iater-”
lowering of base level (08 Ma) caused valley entrenchment in the West Cameron i
area and‘ a basinward shift in deltalc sedimentation thva.t resulted in deposutlon o_f
thick outer shelf and upper slope sandstones on upper slope mudstones. At the same
time, moderately thlck sandstones aggraded on the stable platform.

The subsequent relat|ve rise in sea level - termlnated slope sandstone deposmon :
~and shifted the shorelme Iandward. A thin, but pervasnve marine mudstone containing
the Hyal b fauna accumulated over the former coastal plaln during this brlef
transgressmn about 1.0 Ma (fig. 1). _ | ‘

Another major perlod of regression (unit 6) follol/vedvthe Hyal b marine
'i»transgressmn Two types of lithologic evidence suggest that th|s regresswe episode
was partly in response to a Iowermg of sea level. Flrst thxck aggradatlonal
sandbodles havmg sharp erosional bases above the ﬂy_l b -marine shale are. common
‘athroughout the updip area where the contmental platform was slowly subsndmg |
Second an extremely tl’llCl( mterval of outer shelf and upper slope sandstones ‘was b
v- abruptly deposited by shelf—edge delta,systems on the Ang B-Hyal al b slope resultmg

in_a basinward shift in coastal sedimentation. These Iowstand deposntro*nal.systemvs;



"l’aggraded the slope and prograded the shelf margin. Faults and salt diapirs also

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

The Trim A regronal transgressmn about 065 Ma was followed by rapid

outburldmg of the shorellne and reconstructlon of the shelf margln near its Tnm A
position. The thICk mterval of vertlcally stacked, upward- coarsenlng cycles (unlt 7)
records the prolonged presence of small shelf-edge delta systems and thelr subjacent
slope systems that deposited mud and some sand near the paleoshelf ‘margin. Thls |
. regressive event was aided by a fall in sea level that concentrated deposrtron on the
former slope. As with the previous depositional cycle, much of the sand accumulated |
in the graben system, but the,‘fine—grained suspended,se‘diment escaped the trap and
was deposited ‘as‘ hemipelagic drapes on the adjacent slope. |
During‘the falling sea Ievel phase, discontinuous sandstone‘lenses were deposited
above the Trim A marine shale wedge. As eustatic sea level stabilized with respect
“to subsrdence slope mudstones accumulated in advance of the progradmg shelf—edge
 delta system. Thls delta system dep05|ted the overlymg thm upward coarsenmg
~ sandstones near the top of the sequence whrch is capped by the Glob flex
‘transgressive shale.

The youngest Quaternary parasequences were deposn:ed after the Glob flex

t'ransgressron (unit 8) in response to Iowered sea level that exposed-the contlnental

shelf caused valley incision, and |n|t|ated constructlon of lowstand wedges along the v

. edge of the contmental platform These moderately thick Iowstand wedges were
deposrted by shelf—edge deltas that prograded mto relatlvely deep water and then :
began aggrading as the balance between subS|dence and sediment supply attamed

~near equrllbrlum condltlons Minor fluctuatlons m relatrve sea level and lobe swrtchlng o
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‘caused repeated inundation and abandonment of delta lobes and their subsequent
» reoccupation.

Approxrmately 18 Ka, sea level began to rise as global temperatures warmed and

. glaciers melted. The rise in sea Ievel was so raprd that the transgressrve systems

~tract is represented by a marine erosional surface' (ravinement surface) or a thin
condensed section that still persists over rnuch of the shelf. Although a highstand in
sealeyel ‘was reached about 5 Ka, hfghstand systems tractsihave only formed at 'the‘,‘
Mississippi delta, the adja‘cent chenier plain, and at regressive barrier islands along

" the Texas coast.where sediment supply was sufficient enough to progradev the >

shoreline (Morton and Galloway, in press).
HYDROCAR‘BON GENERATION AND DISTRIBUTION

Plio-Pleistocene sediments along the outer contlnental shelf of the northern Gulf

~of Mexico produce large volumes of gas and condensate and some orI Consrdermg

the entire trend, most of the Pho Plelstocene productlon and recoverable reserves are " >

located in offshore southwestern Loursmna Although these young sedlments have

been buried to substantlal depths they are strII relatlvely cool and dragenesrs is not
advanced (I\/lllhken 1985) Sandstone porosmes and permeabllltles are typlcally greater |
than 25 percent and hundreds of m|II|darC|es respectively and reservoir quahty V
.‘pnmarlly depends on the original pore properties and sandstone contmurty mherlted
from the deposrtronal envrronment |

"The following sections discuss probable‘sources of the hydrocarbOns descrihes’- :
: the geologlc attributes of each hydrocarbon play in the West Cameron and western |
VGarden Banks areas, summarlzes the potentral for undrscovered hydrocarbons in each

_play and offers possrble strategles for dlscoverlng the remaining reserves
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Source Rock Potential, Thermal Maturation, and Petroleum Migration

~ Available organic geochemlcal analyses |nd|cate that all of the oil and most of

the gas trapped in Plro-PIerstocene reservoirs orrgmated much- deeper in the basm‘
- The hydrocarbons mrgrated to their present position as a result of cross- formatlonal
flow along deep seated faults and around salt domes. Compelllng evidence of vertlcal
mlgratron comes from mtegrated time and temperature rndexes. which suggest that
.the producing‘sediments are therma"y imhature and therefore incapable of .expelling B
oil and thermogenic gas (Dow,- 1‘978}" ‘Huc.;and‘Hunt. 1980). There are only a few
published reports that contain organic geoche‘mical data for Plio—Pl‘eistocene‘
depositional sequences in the western ’Gulf: Coast Basin. Those'reports, demonstrate
. that the sediments contain ample quantities of organic matter, especially of the
. amorphotrs marine type that favors oil generatron Dow and Pearson (1975) analyzed
the organic content of PIro—Plelstocene sedlments in cores and cuttmgs of Wells in
the western Gulf of Mexico mcludrng some in the West Cameron and western Garden :'»
Banks area. They reported a progresswe basrnward increase in average werght percent
organrc carbon content rangmg from :0.26 percent in inner nerrtrc mudstones to 0.71
: ‘percen-t in. mudstones deposrted rn abyssal environments. Samples from mld:—shel‘flbto
. abyssal depths all ‘had average organic content rexceeding- 0.5 weight 'percen,t_;".vvh‘ic,h IS ‘
considered ‘a minimum value for petroleurn‘ generation. : | (o

' DeSpitehaving adequate concentrations and favorable composition of organ'ic o
~r'material for hydrocarbon generation, the Plio-Pleistocene sediments of’boffshore
" Loursrana Iack other |mportant requrrements necessary to convert the orgamc matter :
to hydrocarbons Maturation proﬂes of Cenozorc sedrments in Loursrana presented by :
Dow (1978) mdlcate that Plio-Pleistocene sedlments would have to be deeper than
18,000 ft - (5,500 m) and hotter,than aboqt 325‘.’ F in order to |n|t|ate in situ oil

_generation. Additional evidence of vertical migration from great depths is the fact
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:that produced oils are typically older thah the enclosing reservoirs (Young and others,
1977). | | E

‘ . Carbon isotope data from offshore Louisian_a fields confirm that nonassoCiated
vgas trapped in Pllo—Pleistocene reservoirs is a product of several -processes“(Rice,v
1980; Nunn and Sassen, 1986). The shallow dry _gasv. is of lbiogenic orig'in haying i
‘been generated by micro‘bial action during early stages of burial while the sediments‘
were relatively cool. The isotopically heawer gas, a byproduct of generatmg ||qurd
hydrocarbons was both physically separated durlng vert|cal migration and chemrcally
fractionated by thermal distillation. The hrgh temperatures. which are required to :
generate liquid hydrocarbons. thermally crack the newly formed hydrocarbons as they
~subside and pass beneath the oil window.-‘Continued burial and attendant thermal
distillation produces the wet gas that is stored in many P»lio—Pleistocene reservoirs.

Al the geochemical evidence suggests that slope mudstones of early Tertiary age
(Eocene'and older) are the most likely sources of thermogenic lgas in Plio-Pleistocene
reservoirs. However, deeply—buried Cretaceous carbonates beneath the ‘salt are the
"~ most likbely source of oil trapped beneath the upper slope (Nunn and Sassen, 1986;

‘Dinkleman and Curry, 1988; ,Sasson.l 1990; Thompson and others, 1990).
Spatial vDistrib‘ution of Hydrocarbons

Pllo—Plerstocene ﬁelds in the West Cameron and western Garden Banks areas

- (fig. 33) have produced about 690 million barrels of orl equwalent (1 ‘boe = 6 Mcf

of gas) durmg the past 20 years This volume of produced hydrocarbons lndlcates a
moderately significant. concentratlon of gas-prone fields in the western part of the
Pllo—Plerstocene trend.

Seismic and well log‘ ‘data yyere used to identif}y‘rtwo types ‘of combined

_structural and stratigraphic traps that account for most of the fields con,ta‘inin‘g_mor_ei,fh{,":r}; B o
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than 25 milliOn boe.‘j.Timing of salt movement is an important criteria for both types
of traps. (1) The first type of trap includes the faulted crest and the basinward
flank of large rollover anticlines. The rollover structures are associated with master
listric faults that formed as a result of late salt movement Nearly all the largest gas
accumulations occur W|th|n this structural settmg (2) The second type of trap |s -
‘assouated with relatlvely late salt dome growth whrch caused abrupt thmnlng of »
young sedlments Hydrocarbons are commonly trapped beneath the zone of |
stratigraphic convergence Stratal convergence above the objectrve horlzon |nd|cates‘
post- deposrtronal movement after development of a seal and focusmg of m|grat|ng
fluids into the young structural hlgh

Plro—Plerstocene sedrments contain more than 1.1 billion boe in about 100 fields
or local accumulations (fig. 33, Append.). Nearly all the fields contain less than 50
~million boe (fig. 34, Append.) and most fields contain less than 10 millionlboe in"l |
recoverable reserves. The NRG Associates (1985) field-size data (fig. 34) follow a
typlcal exponentral declme curve, ‘which |nd|cates a f'nrte l|m|t in the number of large
fields. The three largest Pllo—Plelstocene f'elds (West Cameron Block 533, Block 617,
and Block 556) ‘each contaln between 96 and _148 mrllront boe ln‘recoverable reserves
8 (Append.), and are anomalously large‘accurnulations that»represent the upper .limit. ‘of ‘_

expected field sizes (fig 34).

The largest Plio-Pleistocene fields in the West Cameron-western Garden Banks

~area produce from Trim A (unit 6). Hyal b (unit 5) and Ang B (unit 4) reServoirs &
| The few fields contarnmg nearly 100 m|ll|on boe in multrple vertrcally stacked pay |
zones are preferentlally Iocated between the Trrmosma reglonal and counter—reglonal
faults (f'gs 4 and 33) Many felds mcludmg most of the larger f'elds are |
'~assouated wrth structures havmg some late fault movement. Only a few small f'elds
are located near the rntersectron of several large faults or refaulted faults probably

_‘because of dlsruptron m reservorr contlnurty and p055|ble leakage along fault planes
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Delineation of Hydrocarbon Plays

, Hydrocarbon‘ play analysis is a ,technique used to.organize and/ to subdivide
multiple diverse ‘oocurrences' of petroleum within a regional trend or within a hasin.
As 'def"ned by White (1980). a hydrocarbon play is a group of oil or gas fields
having similar geological characterrstlcs mcludlng source rocks, reservoir facies,

trappmg mechanism and hydrocarbon composition

Producrng f'elds or other significant petroleum accumulations W|th|n Plio-
Pleistocene strata were compiled. for the West Cameron and western Garden Banks
area using publrc as well as proprietary sources of information. The hydrocarbon
indicators included: (1) zones of high resistivity directly observed on. well logs: (2)
depths of perforated intervals recorded. on completion cards (s'uhsequent‘ly co:rrerct}edi‘ e
for deviation); (3) depths of producing reservoirs reported by NRG Associates’(’1798‘5):‘ i
and (4) symbols on well location; maps. The NRG Associates data base also includes:
the ratio of total liquids versus gas, which indicates the pre'do‘minent type or mix of
hydrocarbons produced from each field.

Reservoirs within fields were assigned to stratigraphic intervals and interpreted
facies on the basis of depths Observed on electric logs, depths projected into adjacent
structural cross sections, or depths\ projected into adjacent interp‘reted» seismic lines.
“The hydrocarbon éompositions stratigraphic assignments and reservoir. facies ’
‘de5|gnatrons were mtegrated with the structural framework to delmeate the plays
Results of the play analysrs which mcludes f'elds of all sizes, are summarlzed |n

f'gure 33 and in table 1.

- After establlshlng play boundaries, cumulatlve productron and recoverable reservesf

were aggregated for fields wrthm each play (fg 35, Append) The production and

- reserve estrmates ‘were derrved from a propnetary computerized data base provrded by
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- NRG Associates (1985). Some field names designated in the‘NRG Associates
database were comblned or modified slightly (block numbers were merged) to agree
with the list of offshore fields publlshed by the Energy Informatlon Admmlstratlon

(EIA, 1985).,
Play Characteristics and ‘Exp.oration Potential

: Volumetric estimates of recoverable ,reserves ‘were aggregated to quantff)r'play
richness and to provide additional criteria for defining play characteristics (ﬁg.' 35,
Append.). Play 6, which currently contains slightly more than 30 million boe in
discovered recoverable reserves, fs the least productive‘ play, but it is also the least
'explored play In contrast, play 5 has sllghtly more than 285 million boe in 5 fields
- making it the nchest play on the basis of total recoverable reserves. Play 4 is a
close second in total .recoverable reserves havmg' about 264 million boe in 5 fields.
Plays 3 and 2 have 206 million boe and 177 million boe in recoverable reserves |
respectlvely Play 1 has about 110 mlllron boe but the gas is d|str|buted in more
than 26 fields that range in size from 2 mlllron boe to 43 mrlllon boe (Append)

| The greatest concentration of hydrocarbons in the West Cameron South Addltlon
~area. occurs in plays 3 and 4. Comblned reserves for these two plays account for
’7 more than one—thlrd of the total recoverable reserves: in the study area (Append)

~They also contaln 4 of the 5 ﬁelds wrth the largest recoverable reserves. The

concentratlon of recoverable reserves in a few medlum size f'elds in plays 3 4 and ‘

5 mdrcates superior collectron processes and efﬁaent trappmg mechanlsms along a
northeast southwest trend that comudes W|th the subreglonal structural graln e
As of 1985 nearly 690 million boe had been produced from Pho—PIelstocene
reservoirs representing approxrmately -64 _percent of the total recove‘rable reserves (ﬁ_g.

- 35, Append.). The ratio of cumulative pro’duction to recoverable reserves for:'each‘v



field varies greatly depending on such factors as date of field discovery, number of
‘producing “wells and initi‘al reserves. When aggregated by plays, substantial
cumulative productlon is recorded for pIay 5 (210.2 million boe) representmg 74
percent of recoverable reserves. Cumulatlve production from play 3 (143.2 mllllon g
“boe), play 4 (136 3 mlllron boe) ~and play 2 (117.9 million boe) represents 69‘ ‘
percent, 52 percent and 67 percent of recoverable reserves in each play. respectlvely
(flg. 35). Only moderate volumes of hydrocarbons have been produced from play 1
(83.2 million boe), but they represent 76 percent of the recoverable reserves. |
Cumulative productron is lowest in play 6 (unreported) because the‘ fields are less
than 10 yrs old and at least one moderately large field (Garden Banks Block 189) is f
currently' being developed. Play 5 has the lar.gest fields and highest yieldof any "Plio?‘"
Pleistocene play in the study area. but play 6 has the greatest ultimate exploratlon |
potentlal because of the large number of untested structures (Table 1).

Hydrocarbon plays were dellneated on the baS|s of available seismic and well
control and actual field discoveries. The presence of PI|o -Pleistocene deepwater
'sandstones havmg adequate reservow propertles and traces of 0|I basinward of the
~study area underscore the potentlal for addltlonal commercnal accumulations in play 6.
| beneath the modern sIope (Foote and others 1983). Although geological conditions
are. favorable for generatlng and trappmg hydrocarbons in thls deepwater frontrer area,
: economlc condrtlons and mventorles of less speculatrve prospects in much shallower E

water may delay their eprortatlon
“Play 1
“Play 1 encompasses a large area and contains a large num,ber of hydrocarbon

accumulations (fig. 33). Despite these favorable attributes, it has only r‘noderate‘ ‘

. hydrocarbon exploration -potential because. of its structural and stra}tlgraphlc, setting.
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Trap formlng structures are assocrated W|th shale rldges WIdely spaced growth faults
:‘wand a few salt splnes (Table 1). These are ma|nly reactlvated Iate Mlocene
: '_structures that have caused relatively .manr deformatlon of the Pllo-Plelstocene'“
section (figs. 5-8). Play 1 COntaVins )the Iar-gest numbber of‘gas fields 'bUt fthe\ﬁelds -
‘are generally small (Iess than 20 mllllon boe. Append) because Iarge growth faults or
‘salt dlaplrs are absent ‘An exceptlon s the West Cameron BIock 280/281 field, B
whlch contalns.apprommately 43 mllllon boe and is the largest f'eId in the play.. The
low hydrocarbon nchness in play 1 and |n a comparable pIay to the - west (Morton
and others 1991) may be related to the hydrocarbon generatlng potent|a| of the
Tertlary source rocks and their maturatlon hlstory |
~Sandstone‘ reservoirs occur in the Bul -1 (unit 1) Glob- a (unit 2). and Lent 1
(unit 3) stratlgraphrc sequences. These sequences, which thicken basinward (figs. 5—
o 8). were dep05|ted on the preexisting upper Miocene contlnental slope. Outer shelf
‘,and upper slope delta- front facres of lowstand and transgresswe systems tracts are.
.’the most promlsmg reservorr rocks of the Pl|o Plelstocene sequences
Beneath play 1, mlddle-upper Mlocene‘ sed|ments are th|ck and composed mostlyllﬂ

of slope mudstones mterbedded with a few thm drscontmuous srltstones Selsmlc

prof'les dlsplay numerous late Miocene structures such as roIIover d|p reversal and

1.» fault truncatron that would act as hydrocarbon traps (f|gs 5 8) but Mlocene
sandbodles of reserv0|r quallty are not present ThlS |s because prolonged late
| Miocene and early Pllocene floodmg of the contmental platform caused deposrtlon of_'v"
transgressrve systems tracts that progresswely shrfted the shorelme landward and | ‘
: caused the sIope and shelf platform to be srtes of mud deposrtron T
The den5|ty of exploratron wells |n play 1 is. reIatlvely Iow and the wells are
f‘,’f‘ concentrated on structural hlghs Therefore the greatest potentral for addltlonal

reserves Would be m small off—structure stratlgraphrc traps. Deeper dnllmg would
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provide one possible way of extending the play in limited downdip areas where the

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

Promlnent structural features and the sedimentary facies of contained reservorrs
define the geological attributes of play 2 (Table 1). The basmward boundary of the
' 'play‘ coincides with the basinward limit of thick -I,\/liocene’deepwater shale an‘d the
Lent 1 shelf margin (figs. v5—8). Typical trap—forrnin’g_structures are large growth
faults, including‘ upthrown sides of some }growth ‘faults (figs. 5. 7. and ‘8). Other
hydrocarbon traps. are created vby minor faults along the Lent 1 shelf margin and
‘prominent dip reversal associated yvith reactivated buried structures near the updip
boundary of the play. |

The largest fields in thev play contain about 30 million boe (Append.). Several of
the largest fields are concentrated in the southern and western parts of this play
along an arcuate fault trend and near shallow salt diapirs (frgs 4 and 33) These
'- deep seated structures have been periodically reactlvated and have also undergone late
stage movement. Most of the structural deformat|on however, comaded Wlt’h,l-_s!lt_.l
‘ deposition. | e
Hydrocarbon reservoirs |n‘ play 2 are mostly Lent 1 and- A B progradatlonal
‘, sandstones preserved near the top of each sequence The reservoir rocks were
,deposrted as hrghstand and transgresswe systems tracts by shelf—edge and platform
‘ delta systems. Hydrocarbons are commonly trapped beneath the thick ~ Lent 1 and
A_g B transgressrve shales, which act as reservoir seals. A few fields in play 2
produce from upward coarsemng parasequences near the base or middle part of each
sequence that may represent lowstand systems ’tract deposits. In the West Cameron

"_Blocl( 464“and 547 f_ields.‘some gas has leaked into the overlying Hyal b sequence -
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where ‘it is trapped beneath the Hyal b shale in retrogradational sandstones of a
trangressive systems ktract. | ;

It is possible that p]ay 2 may be extended deeper if sand-rich Glob a slopev
aprons and submarine fans are present on ,the.ﬂanks ‘of deep structures that were
not bath,ymetric highs at the time of’deposition.” The risk of‘.exploratioh in ’,the ar'ea»' i
of possible play extension is increased by the rapid Iateral variations in lithofacies

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

The structural-style of play 3 is charact‘eriZed by large growth faults with
substantial rollover and by the general absence of shallow piercement domes (figs. 4
and 38). Former salt structures were moblllzed and evacuated in response to rapid
slope aggradation and progradatlon of the Lent 1~fAr_lg B (unlt 4) continental platform “"
(fig. 7) Moderately Iarge shelf-edge deltas deposvited ;thic“k‘ ’succeSsions of onter shelf_ 1
“and upper slope sediments as a lowstand"vvedge of thie. Crivstellaria S in‘terv'all(ﬁg.‘ 1)
basinward of the Lent 1 shelf margin. |

Play 3 produces gas from a fevv'moderately‘ large fields thatcontain‘as.‘much“as
85 milvl.ion‘_boe (Append.), These fields are associated with expansion of the Mg B
section‘near: the paleoshelf margin and in the adjacent salt withdrawal basins..Thicvk.r »_
vertically stacked, upward—eoarsening sandstones depos-ited mainly by highstand andi';‘
vtransgressrve systems tracts serve as reservoirs. Some secondarlly mlgrated gas g
'»accumulated in the overlylng Hyal b (unit 5) and Trrm A (unlt 6) sandstones (fg
7) also deposrted by hrghstand and transgressswe systems tracts. These Ieaked
.“hydrocarbons are trapped beneath the ‘Hyal I b and Trim A transgresswe shales WhICh‘
.'act as the reservoir seals Shallow gas in the Glob flex sequence also may have » ‘

’ ,'Ieaked from deeper reservons “or may be of Iocal brogenlc orrgm 2N
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- Two differentmstructuralltraps account for most of the fields in play 3. The first
is faulted rollover anticlrnes dowthrown on collapse faults that rim the northern :
| .perlmeter of the play (f'gs 4 and 33). The second type ‘of trap occurs along the
-southern margin of the play on the hangmg waII (upthrown) srdes of faults where
-salt mobllrzatlon has caused structural inversion and created structural hlghs (f'gs 7
4 and 8) o

Basinward and deeper exploration of the Ang B sandstOnes toward their downdip

pinchout represents one possibyle strategy for extending pllay 3. The potential for _G_l(_)_l_)_ 3
a and Lent 1 sandstones on the tlan‘ks of intraslope basins provides ‘additfional :
exploration targets at depth (Table 1). Factors‘ypossibly Iimiting kdeepe’r playkekxte‘nsi‘onv

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.
Play 4

Play 4 is the eastern extensron of play 3 (fig. 33) and therefore shares many of
the same geologrcal attrlbutes such as the general absence of shallow saIt diapirs,
the presence of Iarge growth-faults causing substantlal basmward extenS|on and
stratrgraphlc throw, and the presence of a tthk Cristellaria S Iowstand wedge (ﬁgs
5 .and 6). A major dlfference between play 3 and play 4 is in the oldest producing
stratigraphic sequence. In play 4, the Lent 1 sequence is thlcker contams more sand,
and produces gas whereas it is thinner and non-productive in play 3 The boundary
‘ between play 3 and play 4 Iacks preasron because the Lent 1 correlatron is equrvocal~
'ln -some wells Thls stratrgraphlc uncertalnty occurs where the Lent 1 fauna was .

reworked and redep05|ted with the Crlstellar.la _S lowstand wedge. Thus. the reported |
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faunal tops may indicate that wellspenetrated the @L 1 section when they actually .’
stopped 'in the Cristellaria S Iowstand wedge. |

' Fields are preferentially Iocatedraround the periphery of play 4, which is defined
by faults (figs. 4 and 33).. Structural traps ‘are mainly faulted crests of anticlines
~ formed by rOIIot/er into,'the'master‘li‘str‘ic fault Whereas stratigdraphic Vtraps occur in
the Lent 1 submarine fans above tne decollment (fig. 6). Numerous antithetic faults -
also create minor structural traps within the submarine fan complex.

Four stratigraphic sequences (units 3-6) r'produce gas .in play 4. Oldest reservoirs
are lowstand systems tracts (L@lt. 1 and lower Ang B) whereas the youngest are
highstand and transgressive systems tracts. Field sizes range from a few million boe
to 147 million boe (Append.) and the play encompasses two of the tnree largest
fields in the study area (West Cameron Block 533 and West Cameron Block
556/East Cameron Block 299, Append.). |

Hydrocarbon reservoirs in play 4 typically are upper slope sandstones deposited
by Lent 1 lowstand submarine fans Sparse well control indicates that the underlying
Glob a interval is mostly represented by slope mudstones but some thin and highly

discontinuous Glob a sIope sandstones may have been deposited as a lowstand fan.

“In contrast, strata above the Lent 1 transgressnve shale were dep05|ted along an
unstable shelf margm and later on a stable platform by moderately large shelf—edge
deltas.

Additional deep rdrilling may eneounter Glob a submarine fans or laterally extend
the Lent 1 reservoirs in ‘comb'ination structutal'and stratigraphic traps near the center
»of the W|thdrawa| synclme ThIS deep play exten5|on involves greater I‘lSk because the '
slope sandstones are dlscontmuous and may be near the downdlp I|m|t of sandstone |

deposmon (Table 1).

Play 5
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Play- 5 lies entirely within "'a series of modefately large wi,thdfawal basins
bounded by the Trimosina ‘regionél and counter-regional faults (figs. 4 and 33).- This
'graben comple* A(‘ﬁgs. 7.and 8) formed. while thick WedgeS of clastic sediments
deposited ‘at the Ang B and younger ,shellf margins displaced underlying salt;
consequehtly, most -salt structures within the play are deeply buried or absent. Large
hydrocarbqn traps were created by contemporéneous rollover into master fau'l_is and-‘
sedimentary downbuilding ‘around residual salt maéses. Some antithetic faults having
small dis‘blacen"len'ts at the anticlinal crests also sefve as secondary hydrocarbon
traps.
| Gas reservoirs in play 5 are composed of thick dpper—slope and delta-front
sandstones deposited by highstand and transgressive systems tract shelf-edge deltas.
The seals are provided by overlying thick mérine mudstones of the transgressive
systems tract. Play 5 contains ‘more gas than any of the other Pliq—PIeiStocene.pIays
(Appen'd.) because of the large structural closures, proximity té potential migration
conduits,‘ and excellent | seals.

Upper Trim A and middle Glob flex sandstones are primary exploration targets

in play 5 (fig. 6). ‘Secondary accumulations are present in Hyal b and Ang B
sandstones (fig. 7). Some deep bLent 1 (sequence 3) submarine fén‘s may be present
|n play 5; however, ‘the variable extent of sandstones may limit their exploration

‘potential. Exploration targets below sequence 3 are unattractive because the older

_ séquences a‘rebprimarily composed of deepwater mudstone (figs. 7 and 8).
Play 6

Play 6 is also defined on the basis of structural features and reservoir facies

.(Table 1). Prominent structural features are large semi-continuous salt massifs and
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counter—reglonal faults that exhlblt recent movement (f'gs 4 and 9) ‘Most of the
‘ play is seaward of the extant shelf margin (f'g 33) where water depths range from :

a few hundred to more than 3,000 ft (900 m). It mcludes the western part of the

R P|I0 Plerstocene flexure trend whrch is -an active explorat|on frontier in offshore

, Lowsrana The updip boundary of play 6 comcrdes with the Trrmosma counter-
reglonal fault zone (fig. 4 and 33). A southern boundary was not establlshed because ,
the basinward I|m|t of sandstone deposmon was not delmeated by the Irmlted
‘number of wells drllled on the upper’ slope

“Gas’ productlon in play 6 |s mostly from upper Trrm A slope sandstones
deposrted by lowstand and transgresswe systems tracts. I_-I_y_l b and Ang B sand- rlch i
fans, are well developed in play '6 (ﬁg.» 21) and extend far downdlp beyond the llmlt o
of well control. These Iowstand fans are aIso potentlal hydrocarbon reservoirs that
may. produce from Garden Banks Block 191 (f'g 9) |

Judgmg from recent dlscovenes to the east (Garden -Banks‘are.a)' and to the:
‘,west (East Breaks area) play 6 may contaln large reserves of gas and’ some orl
o Average field size is uncertain because of the few dlscovenes (Append and fg 33)
but undiscovered fields may be moderately large owmg to the combmatron of large
- structural closures, ._trap—formmg faults“.l presence “of thick reservorr sandstones, and <
‘impermeable seals. Fields in p.Iay 6 are associated With faulted crests and fylanks of
shallow salt structures that have undergone relatively late movement; mostly |
‘comcrdent W|th Irim A or Iater deposmon ‘Fields such as Garden Banks Block
192/236 comcnde wrth sand- trappmg paleobathymetrlc Iows that became structural
hlghs as a result of Iate salt movement Late hydrocarbon mlgratlon is also mdlcated ,‘:
by accumulatlons in the uppermost Tr|m A sandstones | | o

A srgmf’cant new f"eld discovery ' in Garden Banks Block 189 reconf'rms the

"presence of Ilqurd hydrocarbons in the Pho—Plelstocene flexure trend anng the upper
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| “slope. lnltlal tests of the d|scovery well in Block 189 mdrcated a productlon potentlal :
~ of 740 bbl of orl/day and 650 Mcf of gas/day | | |

The ‘potential for new f'eld discoveries in play 6 is excellent because the number g

of wells per unit. area is . extremely small and many Iarge structures remain untested

(Table 1). Economic consrderatrons and geologrcal llmltatrons to future exploratron in
play 6 rnclude deep water drilling sites, downd|p limits of sandstone deposition for
‘some stratrgraphlc unlts drscontmwty of slope feeder systems that become hlghly
;dlgrtate in the northern part of the play and the late structural movement p055|bly
after hydrocarbon mlgratron that would have l|berated the prevrously trapped

hydrocarbons. |

SUMMARY AND CONCLUSIONS

Pl|o—PIe|stocene deposrt|onal sequences of the West Cameron and western Garden;
Banks areas record major regresswe and transgressrve events that advanced the |
contrnental margln and srmultaneously deformed the underlymg salt. The deposrtlonal: ‘,
b' . sequences responded to eustatlc sea- level cycles that were controlled by expansion
and contractron of large continental glaciers in North America. Atleast elght major
'regressrve—transgressrve genetrc sequences are recognlzed on the basis of well Iogs
, paleontologrc extmctrons and seismic stratal patterns Each of these sequences is
' charactenzed by as many as three parasequence sets that are local responses to
'changes in sedlment supply and rates of subs:dence Most of the major deposrtlonal
eplsodes lasted between 900,000 yrs and 150 OOO yrs wrth duratrons generally
a'decreasmg for successrvely younger cycles Abrupt lowenng of sea level about 30
2.4, 1.6, and 0.8 Ma profoundly affected the Plro Plerstocene stratrgraphy and

deposmonal systems
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~ Principal structural features influencing the thickness and_attltude of Plio-
Pleistocene sediments are Iarge growth faults. shale diapirs, saltjdiapi’rs. and
unconfor.mities. ‘Beneath the modern shelf families of major faults havlng large
: dlsplacments are onented -northwest- southeast or east-west representlng the shelf
margm orientation as |t advanced basmward Ages of prmapal fault systems
progressrvely decrease basmward except where saIt mlgratlon extended the updip,
_sectlon and reactlvated oIder fault systems Structures related to deformation of
mobile sediments occur in four contlguous areas. Shale ndges are promlnent and_
shallow salt domes are rare in the southern part of the West Cameron area where
sand—nch P||o-PIe|stocene sedlments are only »moderately thrck. In, the adjacent West
Cameron South 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 Iarge salt " |
dlaplrs are shallow and widely spaced._ They form semi-continuous massifs and
co'unter—regional faults reliev‘in‘g 'thetensional stresses radiate from and interconnect
the domes. Erosronal unconformltles are Iocally conf'ned to the domes and salt—cored
faults except for areally l|m|ted dlSCOﬂfOfmltleS associated wrth falled paleo—shelf
. margms. B | | |

| Thicl< PIio—Pleistocene dep‘ositsrecord“ an oyerall upward-shoaling‘successionv
punctuated by thin, upward—deepe_ning‘events re'flecting' the.progreSSive basinward
advancement of the‘shelflmargin and construction of ‘the continental platform.A Oldest.
str_ata are pelaglc “‘and hem‘ipelagic' mudstones‘and‘turbidite sandstones depo’si‘tedf o‘n
the middle and upper‘slope by lowstand submar.ine 'slope aprons' Thesandy‘slop‘e’“
aprons were fed by small mud- domlnated fluvral systems supphed by trunk streams i
flowmg from the northwest and northeast Repeated outbunldmg and upbwldlng of the e

continental platform contmued as shelf—edge deItas prograded onto the former slope
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As available accommodation space was filled, shallow-water deltas built a broad
aggradational platform.

Major regressions 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 o
progradation, salt. reorganization, fault generation,' }fault reactivation, and hydrocarbon
entrapment. The youngest PIio—Pleistocene strata (1.4 Ma) are products ot repeated
progradation and retrogradation t’hat occurred in response to rapid sea-level
ﬂuctuations. l\/linor entrenched  valley Systenﬁs we-re filled with aggradational fluvial
and estuarine \deposits and transgressive marine muds‘tonesvdeposited vacross the
former coastal plains. These sediments are vvolumetrical‘ly unimportant but geologically
signficant components of the paralic deposits that accumulated landward of.- the shelf
“margin. Pathways of sand transport associated Wlth principal fluvial systems and
~ slope systems were locally altered by paleo- topographlc and paleo—bathymetrlc hlghs
that diverted currents. Similarly, locations of the largest ﬂuvral—deltalc systems were -
influenced by antecedant topography and newly vcreated accommodation space. Plio-
Pleistocene sediments deposi'ted near or above wayebase contain an unusually large
fine-grained icomponent preferentially preserved as a result of the fluvial dominance of -
mud-rich deltas. Furthermore, the high rates of subsidence and sedimentation allowed
Iittte time for wave reworking and removal -of mud.

About 1'00,’ﬁelds have been disco’vered in the 'lwestern Louisiana sector of the
PIio—Pleistocene trend. Hydrocarbons are produoed at depths rang‘ing'dfrom 1500 ft to
14,000 ft (457 to 4270 m); however most productlon comes from 6,000 to 10, 000 ft
v(1830 to 3050 'm). Most of the felds produce either dry gas or gas and condensate
A few fields produce minor amounts of oil in addltron to gas Most of the oil | is
- produced from- young reservons in fields beneath the present day sIope e
Pllo-Plelstocene flelds typically are small and contam less ‘than 10 MMboe but a

few large fields contam m.ore‘than 100 I\/IMboe.-‘Largest fields are located near the
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largest deep-rooted faults. The faults acted as conduits for fluid moﬁerhent vfromb late
Tertiary mudstones into more permeable Plio-Pleistocene reservoirs. Estimat{ed

B ~recoverable reserves for these fields is slightly more than 1 1 billion boe. Lowstand
.Slope aprons and lowstand - wedges aécount for- the -Iafgest volume of -reserves
whereas highstand and t‘ransgréssive’ systems tracts (youngest 'retrogradational phaSes‘
of Trim A, Hyal b, and Ang B) also contain significant rese‘rves. |

Fields pfoducing frorﬁ PIio-PI_eistdcene Strata are divided into six explorati‘on
playsbon Vtherbasis of structural style; reservoir facies, and_‘hydrocarbon composition.
Fields in play 1 are smkayllv (< 20 MMboe) and ‘produce mosfly gas. The tra‘bs formed
by fault truncation and stratigraphic pinchout. Reservoirs are primarily lowstand slope
- apron deposits that range in age from Bul 1 td Lent 1. Play 1 includes the largest
number of ’Plio?Pleistocene.ﬁeIds or accumulations (26) but it also has the least
.structura‘l vdef(v)rmation and lowest ‘po'tential for large field discoveries.

Play 2 also encompasses a Iargé number of fields or accumulation4s, (22) that
produce pkrim‘arily’from del.ta—‘fro‘nt and slope sandstone‘s- of the M 1 and Ang B
genetic 'séquences.v‘ | % | |

Play ‘3 is defined by a Iarge'afea of sélt 'withdra_wal~‘that accompanied exténsive
progradationyq‘f the‘>contihenAtaI platform. Shallow saltl structures :'are rare in this play.
Thick, upward-coarsening sandstonés deposited by Mg B Shelf—edge deltas serve as
the primary gas reservoirs. | | | .

Play 4 is similar to. play 3 in its structural setting. Shallow salt is albsént and
sdrﬁe production is from reserQQirs deposited by'Ang B shelf—edge deltas. A"'major :
difference. however.’ is the thick successions of Lent 1 s'IQpe sandstones thati prodt‘Jce
gas from combination structural and stratigraphic traps. Together plays 3 and 4~ »
‘vcontain tﬁé highest éoncentration of hydrbcarbon‘s: in"_the.i strike-aligned fault boundédl

‘trend.
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Play 5 encompasses‘ the largest fields producing from broad roIIover anticlines.
These structures formed in a graben “complex created byltensional stresses between
regional and counter-regional faults and antithetic faults between the Hyal b and
ﬁim A shelf ‘margins.

Play 6 produces gas and some ‘oil from rnOderater.Iarge fields. Field ‘size may :
be larger than average owing to the broad structural closures associated with growth
faults and semicontinuous - salt maSS|fs Play 6 has the lowest well density and
greatest exploration. potential of all the PIio—PIeistocene plays. |

All six‘_plays offer s'ome p‘otential for new field ‘disc‘overies and reserve growth.
Undiscovered shallow gas reserves are probably present in plays 1 and 2 as small
accumulatlons along: minor faults. Reserve additions in most of the other plays will
' probably come from deeper drilling of older structures and deep'ﬂanks of salt ‘domes,
and from istratigraphic traps on the \m'argins of intraslope basins. The greatest
exploration potential for significant oil and gas reserves is associated with pley 6
where large structures remain untested. ‘.The m‘os-t-attractive prospects in play 6
occur where large salt diapirs have elevated post-Lent 1 slope 'sén‘dstones to
structurally high .posr'tions‘. Hydrocarbons should be trapped where structural inversion S
g focused the migration of ‘ﬂuids’ but did not allow the leakage of petrole‘umwto the

surface.
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Table 1. Summary of geblogic characteristics and remaining
- exploration potential of Plio-Pleistocene hydrocarbon plays in the West

Cameron and western Garden Banks areas.

Play 1

Hydrodarbon Type(s): Gas and minor amounts of oil.

Defining Attribute(s): Progradational -‘middle to late Pliocene shelf margin

| Reservoir Facies: Progrédational and aggradational outer shelf and upper slope
sandstones (Bul 1 and Glob a). | |

Structural 'Style: Shallow salt spines.bsh‘ale ridges, and counter-regional growth
faults formed by salt‘migration‘ near fhe upper Miocene continental

‘ margfn. | |

Trapping Mec‘han‘isms: Dip reversal and truncation associated with growth
faults and shale‘-rid‘ges as well as strétigraphic pinch-out.

Possible Hydrocarbon Source(s): Subjacent early Tertiary slope mudstones.

Exploration Maturity: Mdderé‘tely mature to immature

Frontiers: Some untested minor stratigraphic traps. Possible extension of Bul 1
sandstones. .

Limitations: 1. Basinward limit of sandstone deposition.

2. Disconfinuity of slope sandstones.

3. Possible low recovery efficiency.
Play 2

Hydrocarbon Type(s): Gas.

o



‘Defining Attribute(s): Progradatfonal continental margins of late Pliocene and
garly Pleistocene delta systems and subjacent slopes.

 Reservoir Facies: Progradational and aggradatiénal delta-front and slobe

| ~sandstones (Lent 1 and Ang B). |

Structural St‘yle: Rotated fault blocks associaied with Iéte stagé salt
withdrawal. | |

Trapping Mechanisms: CIosure’on upthrown side of faults: dip reversals and
truncations. | |

Possible Hydrocarbon Source(s): Subjacent early Tertiary slope mudstones.

Exploration Maturity: Matﬁre. |

Frontiers: Possible basinward extension of Glob a slope sandstones.

Limitations: 1. Largest structures have been tested.

2. Discontinuity‘ of slope sandstones
Play 3

Hydrocarbbn Type(s): Gas.
Defining Attribute(s)‘: ‘Progradational continental margin of Middle Pleistocene
| shelf-edge delta system and subjacent slope.

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

Structural Style: Deep residual Salf. folyds. and extensional faults associated
with salt withdrawal.

Trapping Mechanisms: Dip reversal and fault truncation.

Possible Hydrocarbon Sohrce(s): Subjacent early Tertiary slope mudstones.

Exploration Maturity: Mature. |

Frontiers: Possible basinward extension of Glob a and Lent 1 slope sandstones.



Limitations: 1. Existing well density.

2. Basinward limit of sandstone deposition.
- Play 4

| Hydroc‘arbon Type(s): Gas.

Defining Attribute(s): Early Pleistocene submarine fans and lowstand wedges.

Reservoir Facies: Progradatioﬁal 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: Combin;tion‘structural and stratigraphic traps. Dip'
reversals and fault truncation against éynthetic and antithetic féults.

Possible Hydrocarbon Source(s): Subjacent eérly Tertiary slope mudStones.

Exploration Maturity: Mature. |

Frontiers: Possible extension of Glob a and Lent 1 slope sandstones to the

south and west.
Limitations: 1. Basinward limit of sandstone deposition.

2. Discontinuity of slope sandstones.
Play 5.

?—lydrocarbon Type(s): Gaé.

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

Reservoir Facies: Progradational and aggradational upper slope and delta-front

sandstones (Hyal b and Trim A).



 Structural Style: Graben complex formed By regional tensional stresses

| associated with salt migratibn.- |

‘,Trapping Mecﬁanisms: P‘rominent‘rollover between regional and counter-regional
| faults with m.i’nvor antiihetic faults.

Possible Hydrocarbon Source(s): Subjacent early Tertiary slope mudstones.

Expldration Mvaturity‘: Mature. |

Frontiers: Possible basinward extension of Ang B sandstones.

Limitations: 1. Largest structures have been tested.

2. Basinward limit of sandstone deposition.
" Play 6

g Hydrqéarbon Type(s): Gas and some oil.

Defining Attribute(s): Late Pleistocene sand-rich slopé systems beneath mod‘ern

slope. | |

" Reservoir Facigs: Progradatfonal and aggradational middle slope sandstones
(Hyal b aﬁd uppér Trim A).

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

Trapping Mechanisms: Truncation against counter-regional faults or against
“radial faults around salt domes.

’Possible Hydrocarbon» Source(s): Subjacent Cretaceous and early Tertiary slope
mudstones.

Exploration Maturity: Immature.

Frontiers: Entire play is sparsely drilled.

Limitations: 1. Water depths exceed 500 ft.

2. Variable extent of sandstone deposition.



3. Discontinuity of sandstone reservoirs.



APPENDIX: Tabulatlon of Plio- Plelstocene flelds by play:
- 1985 recoverable reserves and cumulatlve productlon are from NRG Associates database Fleld

‘ ldentlﬂcatlon (ID) numbers appear on flgure 33.
PLIO-PLEISTOCENE RECOVERABLE RESERVES AND CUMULATIVE FIELD PRODUCTION

1D : . : Lk ‘ Recov Res ~ “ Prod.
No. Field Name S T P TS T S 1985 - 1985
RO ' : : SRR - Mboe =~ - Mboe -

“Play 1 |

West Cameron Blk 264 L e

~ West Cameron Blk 265 ' © 11230 9233
West .Cameron-Blk 276 - S e & -
West Cameron Blk 277~ - DR -
West Cameron Blk 280 35 L 43140 32596 .
West Cameron Blk 285 - . PO = o
West ‘Cameron Blk 339 . ' =" A s -
‘West Cameron Blk 353 .+ _ 19700 11720
West: Cameron Blk 359 .- ; e SEEI -
West Cameron Blk 364 . =~ LA e e : E
10~ West Cameron Blk 367 .~~~ = o =
11 West Cameron Blk 368 o e R e e LS py
12 West Cameron Blk 369 ..~ . . Rt s ST
13 West. Cameron Blk 370 . -~ .0 20000 ok
14 ‘West Cameron Blk 379 = - TR L e e R
15. West Cameron Blk 381 . - O PN AL Sls R A St
16 West Cameron Blk 391 - SE T T
17 " West Cameron Blk 406 . : 9938 - 8812
18 “'West Cameron Blk- 409 ... " " . S 03440 9035
19 West Cameron Blk 414 o T g o e
20 . West Cameron Blk 420 A ' o P L

S § ~'West Cameron Blk 421 =~ -~ . ' o s
22 West Cameron Blk 425 T Lt - T
23 " West Cameron Blk 427 SRR CH 2505 1236
96 West Cameron Blk 433 RIS , 2 =i
24 West-Cameron Blk: 436 '~ = - o . 12310 10568

97 . West Cameron Blk 437 o v i

25 West Cameron Blk 447 =~ | . o L -

) co o
CONONWEWN =

TOTAL . T T~ doler 83200

26. West Cameron Blk 456 . o L R

27" West Cameron Blk 457/458 iy etunt

28. . West Cameron Blk 459 "~ i 7650
.29 - West Cameron Blk 463 B e s s s T AR il

.30 " West Cameron Blk 464 CECE 125150 5370_:‘ ik

3600’: e
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31
 West

gt
33
3
35
36
37
38 .
46 -
90
39
40. -
41
42
43
44
45
47

TOTAL

West

West

‘West

West
West

© o West
"~ West
“"West

West

‘West.

West

.West
< West.
West

- West

West

. West

Cameron
Cameron
Cameron

Cameron .

Cameron

Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
‘Cameron
Cameron
Cameron
Cameron

Cameron

Cameron’

Blk
Bik
Blk

Blk

Blk
Blk
Blk
Blk
Blk
Blk
Bik
Blk
Blk
Blk
Bik
Blk
Blk
Blk

480
487
491
492

493
498
504
507
509 -
508/509
513
518
522/543
523
540
541
542
547

34240

27580
5600
15279

4981

30123

11671

27505

29619

17233
3822
9721

4981

28078

- 8024

7457

West
West

West

West
West

. West

West

."West
~ s West
- West

West
West
West

West

Cameron
Cameron
‘Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
-Cameron
"~ Cameron
‘Cameron
‘Cameron
Cameron
Cameron

Blk
Blk
Blk
Blk

Blk

Blk
Blk
Blk

Blk

Bk
Blk
Blk
Blk
Blk

537
551

561
563/565
564
566
566/570
572

573 - i
575/584 . -
586/95
587
589

502

177234

Play 3 -
16840
81300

 ‘  2025:

21150
- 84963

117905

7380

- 46206

1193

19209

69262

West

. West
“West
West

o West
- West

West

- West

West

O West
. West

West

“West

West

o West

Cameron

Cameron

Cameron
Cameron
-.Cameron
:‘Cameron
~Cameron
Cameron
“Cameron

~Cameron-

Cameron
‘Cameron

Cameron.

.Cameron
‘Cameron

Blk
Blk
Blk
Blk

Blk:

Blk
Bik
Blk
Blk

Blk

Blk
Blk
Blk
Bk
Blk

530
531

534
536

552/560

554

556/EC 299
el

560

576

583

599

600

601

533/Ec 281

206278

- Play 4

147700
6820
3500

96000

10170

6841

143250

119869

592

2343

o711







TOTAL

71
72
73
74
98
100
75
76
83
7
78
79
80
81
82

TOTAL

84
89
85
86

TOTAL

264190 136356
Play 5

West Cameron Blk 597 - -
West Cameron Blk 604 - -
West Cameron Blk 612 - -
West Cameron Blk 617 100000 92240
West Cameron Blk 618 - -
WEst Cameron Blk 619 - -
West Cameron Blk 620 38400 29117
West Cameron Blk 624 - -
West Cameron Blk 628 - -
West Cameron Blk 630/637 30450 17059
West Cameron Blk 633 - -
West Cameron Blk 639 68601 40789
West Cameron Blk 643 47576 30984
West Cameron Blk 645 - -
West Cameron Blk 648 - -

285027 210189

Play 6

West Cameron Blk 661 - -
West Cameron Blk 663 - -
Garden Banks Bik 189 - -
Garden Banks Blk 236 30000 -

30000 -
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Figures

"bFigure 1. 'ChronOstratigraphic and biostratigraphic ‘subdlvision of Plio-Pleistocene strata m the western
Gulf. Coast Basin. The curve deplctmg relatlve changes of coastal onlap, presented by Beard and others e
(1982) and systems tracts desugnatlons presented by Haq and others (1987) are included only for

companson wrth observed events. They were. not used to map genet|c sequences.

Flgure 2 Schematlc cross sectlon of - Plio- Plelstocene strata in the West Cameron and western Garden -

Banks areas showmg the. Ilthologlc and blostratlgraphlc criteria used to correlate genetic sequences. .

Flgure 3 Regronal deposntlonal framework of Plio- Plelstocene strata showmg posmons of paleomargms
rmmedlately preceedmg each major floodmg ‘event. Locatrons of reference cross sections (Plates 1-3) and

selected text figures are also shown.v

Flgure 4. Structural features of the southwestern Loursrana ’contmental shelf and slope Pho Plelstocene
kproductlve trend. Sedrment deformatlon |s related to’ reactlvated faults contemporaneous extenswnal

' faults shale ndges salt sheets and salt dlaplrs Features are. mapped at” thelr shallowest posmon and
, are not mlgrated for a partrcular depth or map honzon Refer to Flgure 1 for blostratngraphlc names

and ‘their relatlve ages The Iocatlons of some fault traces and salt d|ap|rs were venfled usmg the maps :

- of Sheffleld (1978) and’ Berryhlll (1986)

,‘Flgure 5. Structural cross sectron derived from seismic proflle |llustratmg Ilthofaaes stratlgraphlc

subdlwsnons and structural style in the northern sector of the study area. Locatlon shown in flgure 3

‘ Flgure 6. Structural cross, sectlon denved from selsmlc proflle |IIustratmg Ilthofacles stratlgraph|c

'-subdrwsrons and structural style near the eastern margm of the study area. Locatlon shown m flgure 3 v e

. Figure 7. Structural cross section derived from. ‘seis:mic‘ profile illustrating lithofacies, strati‘graphicv

- -subdivisions, and structural ,st‘_yle near the center of the study area. Location shown in fi‘gure‘3." 5
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Figure 8. Structural cross section derived from seismic profile illustrating lithofacies, stratigraphic
subdivisions, and structural style near the western margin of the study area. Location shown in figure

3.

Figure 9. Structural cross section derived from seismic profile illustrating lithofacies, stratigraphic
subdivisions, and-structural style of the upper continental slope. Location shown in figure 3. Depths
differ substantially across the section because of variable acoustical velocities in water, sediment. and

salt.

Figure 10. Typical electric log responses representing (A) upward-fining pattern of an onlap s_Iope apron _
or submarine fan system, (B) upward-coarsening pattern of a distal delta front and shelf system, ()
upward-coarsening pattern of a progradational nearshore system, (D) erosional based near.shore system
associated‘ with a lowering of sea level, (E) mixed blocky and thin upward-coarsening pattern of an
aggradational fluvial énd coastal plain system, (F) upward-fining pattern of a retrogradational nearshore

system,

Figure 11. Net sandstone map of unit 1 (Robulus E to Buliminella 1).

Figure 12. Percent sandstone map of unit 1 ((Robulus E to Buliminella 1).

Figure 13. Depositional systems map of unit 1 ((Robulus E to Buliminella 1).

Figure 14. Net sandstone map of unit 2 (Buliminella 1 to Globoquadrina altispira).

Figure 15. Percent sandstone rhap of unit 2 ‘(Buliminella 1 to Globoquadrina altispira).

Figure 16. Depositionalv systems map of unit 2 (Buliminella 1 to Globoquadrina altispira).

Figure 17. Net sandstone map of unit 3 (Globoquadrina altispira to Lenticulin‘a‘ 1).
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F.i_g'ur.e 1'8}:,_,P_ercent sandsfone map of unit 3 (Globoquadrina altispira to Lenticulina 1).

Flgure 1'9’_-:7IVZ‘)veno_si_t‘iona| ‘vsysterns‘- man of‘ nnit; 3 (Globoquadrina altrspira to Lentic_uklina“1)_ G

: F:Figure 20 Net sandstOne‘ map of u'n.it‘byl4b‘(‘I‘v_‘é’nticullivna"llkto Angnlogerina‘jB).

“Fig'ure 21, Percent s‘and‘stone‘rnap ‘of unif 4 (Lentrculrna "lwro Aingulogerina B)

Fiénre 22;‘ Deposvi‘tionalv'sglstems ‘map‘ of 'unrt 4 '(Lenticulina '1>.to ‘Angulogerinb ‘B) k

F|gure 23 Composrte net sandstone map for pre- yallne M sand-rich submanne fans penetrated

in the northern Garden Banks area. The mapped mterval |ncludes both unit 3 and unit 4 (Lentlculma 1-

. Hyalinea balthlca) The two genetlc sequences are, undlfferentlated because the Angulogenn B fauna is’

not reported in most of the downdlp weIIs

Figure 24. Net sandsto'ne-ma‘p of unit 5 (Angulogerina B to Hvaiinea balthica".

'_Fi.gu\bre 25. Percent sandstone map of unit '5"‘(Angul_ogerina “B;_:'tof’Hval‘inea balthica).

Fig_,ure 26. Depositional 'systembs map o‘f“ unit 5 (Angulogerina B to Hyalinea 'balthica)}}"’_,", o

Fig'urvei‘27.‘Net‘ sandstone map of unit 6‘fy‘(bHyalinea balthica to Trimosina A) :

' Figure 28. Percent sandstone map of un'it 6 »(Hvalinea' balthica to JTr‘i'niosin'a A) .

Figure 29. Depositional systems imap of:‘unit 6 (“Hyalinea Lalthvica"_tyo-Trirnosina_A).

Figure 30. Net sandstone map of unit 7 (Trimosina A to Globorotalia flexuosa).

. Figure 31’.':Percenﬁ-sandstone map of nni,t 7 ‘(Trimosi‘na’l-.‘\_to Globorotalia f‘Iexuosa)r.J_..f' R




Figure 32. Depositional systems map of unit 7 (Trimosina A to Globorotalia flexuosa).

Figure 33. Distribution of Plio-Pleistocene gas fields in the West Cameron and western Garden Banks

areas and their subdivision into principal exploration plays.

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 (1985).
Figure 35. Cumulative production 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

individual fields estimated by NRG Associates (1985).
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