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Abstract

This study is based on the joint venture (Schlum-
berger and TGS NOPEC) Phase 46, 16,000-line-mile
2D seismic and gravity/magnetic program that was
acquired, processed, and interpreted from 1997-1999.

It consists of a 2 x 2 mile grid (16,100 mi2), covering
parts of Main Pass, Destin Dome, Viosca Knoll, Missis-
sippi Canyon, Desoto Canyon, Atwater Valley, and
Lloyd Ridge. Water depths range from 75 feet to over
10000 feet. Geological control from 44 biostratigraphy
wells helped calibrate seven mapped horizons. In addi-
tion, a velocity cube was generated from this dataset.

A Cretaceous carbonate shelf, a prominent escarp-
ment to the southeast, dominates the east and north-
east portions of the survey. It is overlain by primarily
regressive Cenozoic clastics. West of the carbonate
shelf is a Miocene to Plio-Pleistocene shelf /slope/fan
complex. The shelf facies is developed in the northwest
and progresses through slope to deepwater fan deposits
toward the southeast. This complex contains numerous
allochthonous salt bodies. In general, autochthonous
salt structures are present east of the detached salt,
underlying the slope fan complex. These continue east-
ward to the Cretaceous shelf edge.

This region is becoming an increasingly attractive
area to explore. For example, “Crazy Horse” in Missis-
sippi Canyon (MC) Block 778 is a recent subsalt dis-
covery within the study area.

Introduction

The study area, shown in Figure 1, encompasses the
16,000-mile Phase 46 2D seismic survey acquired by
Schlumberger and TGS NOPEC. Seven horizons were
mapped over varying parts of this survey. The Top
Miocene (5.5 ma), Mid-Miocene (10.5 ma), Cotton Valley
(Jurassic 129 ma), and Top and Base of Salt were mapped
over the extent of the survey where interpretable seismic
control exists. The Mid-Oligocene (30.0 ma) and Top
Lower Cretaceous (94 ma) horizons were mapped only in 
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Figure 1. Map of Phase 46 2D seismic survey lines and OCS
Sale 181 outline.

the northern portion of the survey where well paleontolog-
ical control was available. Biostratigraphy reports from 44
wells were used to date the horizons. All the wells con-
tained foraminifera markers but only five wells had nanno-
fossil control. Water depths exceed 1000 feet over 85% of
the survey.

The northeastern Gulf of Mexico consists of two major
geologic provinces, the Florida Terrace (Jurassic to Creta-
ceous shelf) and the Mississippi Fan (Cenozoic) complex. 

The Florida Terrace is located on the eastern margin of
the survey area (Fig. 2) and comprises an early Jurassic
through Tertiary geologic section. In the northern part of
the terrace, the Tertiary section is up to 8000 feet thick
where it overlies the buried Cretaceous shelf. This thick
Tertiary section is the eastern margin of the Mississippi
Fan. Moving to the southeast, the Tertiary section thins
rapidly over the Cretaceous shelf. Here, less than 2000 feet
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Figure 2. Map of Northeast Gulf of Mexico
Structural Provinces.
of mostly Paleogene to Miocene sediments overlies the
Mesozoic. The Tertiary section is thin, due to the elevated
position of the Cretaceous shelf, where the Mississippi
Fan clastics onlap the Florida Terrace escarpment. The
thin Tertiary section was probably sourced from the north-
east. Dating of these younger sediments is interpretative
due to the absence of shallow paleontological well control.

The Mississippi Fan complex occurs west of the Flor-
ida Terrace. Here the lithologies are primarily Tertiary
clastics, underlain by the Middle to Upper Jurassic
(including the Louann salt and Smackover carbonates) and
Lower Cretaceous carbonates. In the far-western portion
of the survey extensive halokinesis of the Jurassic salt has
resulted in a detached or allochthonous salt canopy prov-
ince (Fig. 2) that often approaches the seabed. The Tertiary
clastics of the fan complex are up to 20,000 feet thick in
the northern margins of the fan and thin to approximately
10,000 feet in the distal fan at the southeastern edge of the
survey.

Geologic Features

The study area is generally underlain by transitional
continental crust (Buffler and Sawyer 1985). The oldest
130 Gulf Coast
Mesozoic section consists of red beds (Triassic-Lower
Jurassic) and basalts (Eagle Mills) (Wu et al., 1990). These
tend to fill the extensional depressions in the northern parts
of the basin. Seismic data in the southern part of the sur-
vey (Fig. 3) suggest there may be stratified half-grabens
below the Louann Salt where early Mesozoic red beds or
lacustrine clastics may have filled extensional features.
Evaporites (Louann Salt and Werner anhydrite) of Mid-
Jurassic age were then deposited over the survey area; they
thin toward the basin margins. 

Overlying the salt are Upper Jurassic sandstones (Nor-
phlet Formation [Fm]) and limestones (Smackover Fm).
These are overlain by occasional evaporites and red beds
(Buckner Fm). Deltaic and marine shelf sandstones,
shales, and carbonates succeed the Buckner Fm. Deltaic
and non-marine to nearshore deposits continue upward
into the Early Cretaceous (Cotton Valley/near Top Juras-
sic) (Wu et al., 1990). 

This Upper Jurassic section on the West Florida Ter-
race loaded the autochthonous (in situ) salt, creating
swells and roller features in the northern part of the survey
(Fig. 4). The majority of the salt on this terrace is welded
within the survey region. 
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Figure 3. Seismic profile showing
Triassic-Lower Jurassic half grabens
in southern survey area.

Figure 4. Seismic profile showing
autochthonous salt structures on
Florida Terrace.

p

Moving west off the terrace, the autochthonous salt
volume increases and the salt typically forms pinnacle, salt
wall, and swell structures through down-building and salt
withdrawal. The right half of the seismic example in Fig-
ure 5 traverses the western terrace edge and then SW into
the Mississippi Fan. Here, typical salt swells and pinnacles
Gulf Coast Association of Geological Societies Transactions, Volum
are shown. Salt related deformation of overlying sedi-
ments typically disturbs the Lower Cretaceous and up into
the Miocene but sometimes reaches as high as the Pliocene
section. Figure 6 illustrates a map of the Jurassic (Cotton
Valley) sequence boundary and shows the pattern of the
autochthonous  salt  structures  that  truncate  this  mapped
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Figure 5. Seismic profile showing salt types within the Mississippi Fan.

Figure 6. Time structure map on the top of the Jurassic (Cotton Valley 129.0 Ma).
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horizon. Note the predominantly northwest to southeast
trend of salt structures. These pinnacle and salt wall fea-
tures are underlying and structuring the mid to distal Mis-
sissippi Fan complex, where medium sedimentation rates
are to be expected. These slope to deepwater Tertiary fan
sediments consist of sands and shales deposited in a
regressive environment.

Progressing further west and northwest in the upper
Mississippi Fan, the Jurassic Louann Salt becomes pre-
dominately detached. Figure 7 is a map of the top salt from
the survey interpretation that shows the detached salt prov-
ince with discrete salt bodies (typically colored red to
yellow). A seismic example of the detached salt is shown
in the southwest half of Figure 5. Here the salt has moved
upward into sills or canopy features. This detachment may
be due, in part, to increasing sediment rates and a thicker
salt source. The fan-derived sediments in this salt canopy
province are mostly Neogene clastics deposited in a shelf
to slope environment. As much as 15,000 feet of Late Oli-
gocene-Neogene sedimentary section has accumulated in
the northeastern Gulf of Mexico. This section overlays a
condensed section where the Upper Cretaceous through
the Mid-Oligocene is thin or absent due to very low sedi-
mentation rates, caused by shifting of the terrigenous
source away from the area (Wu et al., 1990). Wells in this
Gulf Coast Association of Geological Societies Transactions, Volum
northwest portion of the survey rarely penetrate Oligocene
or older strata. Existing deep wells in this canopy salt
province encountered little or no Lower Oligocene section. 

The Mississippi Fan Fold Belt is a major compres-
sional feature (trending SW to NE) that intersects the
southwest corner of the survey area. A thick wedge of Late
Miocene sediments slid basinward on salt, creating NNW
compressional stresses outboard of the present day Sigs-
bee escarpment. This fold belt dies out towards the
northeast corner of Atwater Valley.

Integrated Seismic, Gravity, and 
Magnetic Interpretive Modeling 

A study of the gravity and magnetic fields was under-
taken to further a regional geologic understanding of the
area. These data sets were combined with recently
acquired seismic and high-resolution gravity data to
develop detailed geologic models of some of the exciting
new play concepts in the area.

Figure 8 shows the regional magnetic field in the Phase
46 survey area. Magnetic anomaly highs (shown in red)
suggest regions of the earth’s crust that contain highly
magnetic rocks (possibly basalt and  gabbro,  for example).
Figure 7. Time structure map on the
top salt.
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Figure 8. Map of regional magnetic anomaly (nT) – NE Gulf of Mexico.
Steep contour gradients in the magnetic field often indicate
basement faulting. Note for example the strong northwest
to southeast “grain” of the magnetic field through the
region. This trend is consistent with rift structures and
transfer fault systems and coincides with the Pearl River
Transfer Fault zone, discussed in the literature (Watkins et
al., 1995). This has been related to a major zone where
stresses, associated with rifting during the early opening of
the Gulf of Mexico, were relieved. It is suggested in the lit-
erature (Marton and Buffler, 1994) that the syn-rift phase
occurred in the Late Triassic to late Middle Jurassic, and
preceded the formation of oceanic crust (drifting phase).
Basement structures include Triassic/Jurassic rift grabens
which may serve as important containers for hydrocarbon
source rocks and “kitchens” for their maturation. The half
grabens in Figure 2 may be evidence of the syn-rift phase
and the locations of potential source kitchens.

Figure 8 also shows the very pronounced Florida
Escarpment (Cretaceous shelf edge) where it is exposed at
the seafloor. This trend can be followed in the magnetic
field, and particularly in the gravity data of Figure 8, as the
Cretaceous shelf edge becomes buried beneath younger
sediments to the northwest. The close correlation certainly
suggests some basement involvement for the location of
the platform carbonates. North-south, and northeast-south-
134 Gulf Coast
west trends can also be followed in both the gravity and
magnetic data, suggesting that complex basement fault
geometry occurs beneath the thick sedimentary cover.

Figure 9 shows the horizontal gradient isostatic gravity
anomaly constructed from satellite-derived gravity data.
High-precision gravity data were acquired in conjunction
with the seismic program and used for this study, but are
too revealing to be shown here in map form. However, this
public domain data set (typically used for wavelengths
longer than 16 mi (25 km)) illustrates the strong correla-
tion related to basement features and the carbonate
platform. The high-resolution gravity data allowed us to
quantify the correlation and to construct integrated (seis-
mic, gravity, magnetic) earth models of the shallow salt
plus other sedimentary structures.

An example of the high-resolution gravity data from
the seismic is shown as a strip along a sample seismic line
(Figure 5). Note the high degree of correlation between the
gravity lows (blue) associated with the shallow salt, and
the gravity highs (red) related to the higher density sedi-
ments filling the mini-basins. The strong gravity gradient
and positive anomaly (red) along the high-density carbon-
ate rim of the Florida Escarpment is clearly evident. The
total range of this strip is 6 mGal, with subtle anomalies as
 Association of Geological Societies Transactions, Volume L, 2000



 

 Geologic Overview of the NE Mississippi Fan and Shelf to West Florida Terrace Region, Offshore Gulf of Mexico

      
Figure 9. Map of horizontal gradient isostatic gravity anomaly (public domain) (mGal) – NE Gulf of Mexico.
small as 1/2 mGal and with wavelengths shorter than 1
km. Only the highest resolution gravity data are capable of
providing these subtle signatures for use in detailed inte-
grated modeling and analysis.

Exploration Plays

Numerous proven reserves and recent discoveries
make this Eastern Gulf region an exciting area for future
exploration. Some potential play types have yet to be
tested here. The Minerals Management Service (MMS) is
planning a lease sale (OCS 181) in December 2001 as out-
lined in Figure 1. The Phase 46 survey covers the complete
sale area of 1033 blocks in water depths ranging from 100
to over 10000 feet.

Mesozoic play types include:

• Lower Cretaceous carbonates (James Limestone). A
field analog example is Viosca Knoll (VK) Block 385.

• Salt-related structures in the Upper Jurassic (Norphlet
and Cotton Valley Formations). Field analog examples
include “Mary Ann” (Mobile Block 823) and “Fair-
way” (Block 113 Alabama state waters), both outside
the survey area.
Gulf Coast Association of Geological Societies Transactions, Volum
Tertiary play types include:

• Pinchouts on margins of the Mississippi Fan against
the Cretaceous escarpment (shelf edge). A field analog
example is “Petronius” (VK 786)

• Pinnacle salt/vertical weld related traps. A field analog
example is “Fourier” Mississippi Canyon (MC) Block
522.

• Sub-salt structures (salt canopy province). Field analog
examples are “Mica” (MC 211) and “Crazy Horse”
(MC 778).

• Autochthonous salt swells. A field analog example is
“Coulomb” (MC 657).

• Basin floor fans/channel levees. Field analog examples
are “Mensa” (MC 687) and “Ram Powell” (VK 956).

• Distal stratigraphic traps in stacked deepwater fans,
generally undisturbed by salt tectonics. No field ana-
logs have yet been discovered for this play type within
the survey area.

Conclusions

The integration of large multiple geophysical data sets
(seismic, gravity and magnetics) provides the tools for a
better understanding of how structure and stratigraphy at
the reservoir level fit into a regional geologic framework.
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The Phase 46 survey covers parts of the West Florida
Terrace (Cretaceous shelf) and the eastern margin of the
Mississippi Fan complex. This fan complex is further
divided into three distinctive salt related structural prov-
inces. Autochthonous (in place) salt is typically welded on
the eastern margin of the fan and on the Florida Terrace.
Salt pinnacles, walls, and swells in the central fan are
responsible for exploration targets in overlying fan depos-
its. The canopy, or detached (allochthonous), salt features
in the western part of the survey compose a third important
structuring mechanism in the mid to upper fan. Salt struc-
tures from each of these three sub-provinces provide
multiple play opportunities from distinctive styles of
hydrocarbon entrapment within the fan. Potential Meso-
zoic exploration plays also exist in association with salt
mobilization.

Basement architecture is often the key to constructing
useful geologic models of shallower exploration prospects.
The Phase 46 data have shown some pronounced basement
structuring that has shaped the development of the Florida
Terrace and probably the original Jurassic Louann Salt
distribution.
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