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i
ABSTRACT

SUSAN MARGARET CAS BY
GEOLOGIC AND GEOPHYSICAL INVESTIGATION OF A PORTION OF THE UPPER
CONTINENTAL SLOPE, NORTHWEST GULF OF MEXICO

The continental slope in the northwest Gulf of Mexico ranges in
width from 110 kilometers (59 nautical miles) off the Rio Grande to
240 kilometers (130 nautical miles) off Louisiana.

Throughout its

Cenozoic history, this continental margin has increased its limits
through the progradation and aggradation of clastic sediments on a
broadly downwarped and subsiding basement.

Eustatic changes in sea

level in response to Pleistocene climatic fluctuations have provided
for the deposition of these transgressive and regressive deposits.
Rapid Pleistocene sea level changes are responsible for accelerated
deposition and extension of the continental margin.
Eustatic lowering of sea level moved the site of nearshore sedi¬
mentation to the outer edge of the continental shelf.

Shelf outbuilding

occurred as deltas prograded over the shelf-slope break.

Growth faults

cut the sediment column in response to this rapid sedimentation.

Trans¬

gressive seas decreased the sedimentation rate, calling a halt to this
outbuilding sequence.
The continental slope in the northwest gulf is also marked by diapiric uplifts of variable size.

Drilling in the late 1960’s confirmed

the hypothesis that these are salt diapirs.

These intrusions greatly

affect the surrounding sedimentation, especially in the basins, or
synclines, which they create.
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This particular study correlates high resolution seismic profiles
with drill core data in a selected location on the outer continental
shelf and upper continental slope off the Texas Gulf coast.

Textural,

micropaleontologic and paleomagnetic information obtained from these
drill cores combined with sparker data to yield a history of the Late
Pleistocene to Recent in this area.

The analysis of shelf edge

progradation and its relationship to sedimentation and structural
activity on the continental slope yielded additional information with
respect to the Pleistocene to Recent depositional history.
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INTRODUCTION

Purpose of Study

The continental slope in the northwest Gulf of Mexico ranges in
width from 110 kilometers (59 nautical miles) off the Rio Grande to
240 kilometers (130 nautical miles) off Louisiana.

Throughout its

Cenozoic history, this continental margin has increased its limits
through the progradation and aggradation of clastic sediments on a
broadly downwarped and subsiding basement.

Eustatic changes in sea

level in response to Pleistocene climatic fluctuations have provided
for the deposition of these transgressive and regressive deposits.
Rapid Pleistocene sea level changes are responsible for accelerated
deposition and extension of the continental margin.
Eustatic lowering of sea level moved the site of nearshore
sedimentation to the outer edge of the continental shelf.

Shelf out¬

building occurred as deltas prograded over the shelf-slope break.
Growth faults cut the sediment column in response to this rapid sedi¬
mentation.

Transgressive seas decreased the sedimentation rate, calling

a halt to this outbuilding sequence.
The continental slope in the northwest gulf is also marked by
diapiric uplifts of variable size.

Drilling in the late 1960fs

confirmed the hypothesis that these are salt diapirs.

These intrusions

greatly affect the surrounding sedimentation, especially in the basins,
or synclines, which they create.
This particular study correlates high resolution seismic profiles
with drill core data in a selected location on the outer continental
shelf and upper continental slope off the Texas Gulf coast.

Textural,
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micropaleontologic and paleomagnetic information obtained from these
drill cores are combined with sparker data to yield a history of the
Late Pleistocene to Recent in this area.

Shelf edge progradation and

its relationship to sedimentation and structural activity on the con¬
tinental slope are also analyzed.

3

-

Location of Study Area

The study area occupies approximately 2400 kilometers^ (700 nautical
miles^) on the outer continental shelf and upper continental slope off
the Texas Gulf coast (Figure 1),

The limits are defined between longi¬

tude 95°50fW and 96°20fW and latitude 27°18fN and 27°42fN.
range from 120 meters (394 feet) to 870 meters (2854 feet).

Water depths

Figure 1.

Location of study area
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PREVIOUS WORK

Structural Setting

The edge of the continental shelf in the northwest Gulf of Mexico
is generally considered to lie at the 120 meter bathymetric contour.
This line marks the contact between the smooth, gentle gradient of the
continental shelf and the rugged topography of the continental slope.
Upper sections of the slope dip seaward at approximately 1-2°, while
the lower reaches resemble a terrace cut by steep-sided basins and
troughs (Lehner, 1969).
Origin of the continental slope has been postulated in the past to
be a result of regional downfaulting (Weaver, 1950) or subaerial erosion
(Veatch and Smith, 1939).

In a more widely accepted theory, Lewis

(1974) suggested that sediment upbuilding and progradation formed a
sediment embankment of the continental shelf and slope.

Eustatic sea

level fluctuations in the Pleistocene are generally believed to be
responsible for these deposits.

Phases of substantial upbuilding

occurred during transgressive sequences, while outbuilding predominated
during regressive stages.

The net result was a definite basinward

progradation of the shelf-slope break during the cooler periods of the
Pleistocene (Frazier, 1974).
Several authors, however, feel that not enough consideration is
given to other means of changing sea level through time.

Alternate

causes would include regional or local tectonics, isostatic adjustments
to shelf loading or unloading, basinal subsidence or variations in the
amount of clastic material supplied (Rainwater, 1964; Poag, 1973).
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The structure and form of the shelf-slope break and the upper con¬
tinental slope indicate that other processes in addition to shelf pro¬
gradation and aggradation resulting from sea level fluctuations have
been active in the area.

The continental slope in the northwest gulf

has been described by Gealey (1955, p. 204) as having "a varied topo¬
graphy of high relief which does not resemble the topography of the
continental slope of either the Atlantic or Pacific coast . .
She applied the adjective "hummocky" to the irregular local topography.
The origin of these rough surface features was a matter of speculation
until the arrival of continuous seismic reflection profiling.

This

data revealed the presence of intrusive structures (Moore and Curray,
1963) which many felt were linked to the gulf coast salt basin.

Pre¬

viously, the hummocky topography had been attributed to slumping
(Gealey, 1955; Ewing et al., 1962) as well as the aforementioned salt
diapirism (Carsey, 1950; Goedicke, 1955).

Presence of salt was con¬

firmed when salt was penetrated by drilling into ten of these intrusive
structures on the Texas-Louisiana continental slope (Lehner, 1969).
A basinward change in the morphology and associations of these
salt domes has been noted by several authors (Selig and Wermund, 1966;
Murray, 1966; Antoine and Bryant, 1969; Lehner, 1969; Wilhelm and Ewing,
1972; Garrison and Martin, 1973; Woodbury et al., 1973; Amery, 1976).
Salt diapirism on the continental shelf is characterized by slender,
widely-separated piercement domes.

On the upper slope, salt manifests

itself as ridgelike masses with thick spines which penetrate upward
through a kilometer or more of sediment.

The lower slope, on the other

hand, is characterized by broad salt swells and a more gentle topography.
Several authors have suggested that the initial warpings of salt were
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in the form of irregular ridge and anticlinal masses from which spines
later rose, their height a function of the amount of overburden (Ewing
and Antoine, 1966; Murray, 1966; Bryant et al, 1966; Jones et al,, 1967).
An early theory explaining the cause of this salt movement is the
lf

fluid mechanical theory11 proposed by Nettleton (1934).

His hypothesis

states that below 2,000 feet sediment outweighs salt, forcing the salt
to move upward as a diapiric mass, as opposed to the downbuilding of the
surrounding sediment.

In more recent time, Ewing and Antoine (1966)

have postulated that sediment accumulation updip has created horizontal
and vertical pressure gradients, forcing salt to advance basinward as
well as upward into the sediment column.
would decrease basinward.

As a result, diapiric maturity

This finding has led geologists to postulate

that the Gulf of Mexico continental margin is a manifestation of salt
tectonics.
Salt diapirism on the continental slope in the northwest gulf im¬
parts a characteristic topography, structure and sedimentation pattern
onto the area.

Smaller domal structures have collapsed crests with

the only acoustic return within the diapir being hyperbolic point re¬
flections.

Sediment-filled basins separate individual intrusions with

a fair amount of the sediment fill coming from the surrounding struc¬
tural highs.

Most diapirism appears to have been active during sedimen¬

tation, as evidenced by local unconformities, marginal faults and sur¬
face slides.

Also, the mother salt may have been thinner on the north¬

west gulf slope.

A positive feature postulated to be a seaward exten¬

sion of the San Marcos Arch could have prevented thick salt accumula¬
tions (Garrison and Martin, 1973).

Thinner salt combined with moderate

sediment loads would yield the widely-spaced diapirs evident in this
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area.
In addition, a strong subsurface reflector associated with this
diapiric salt has been mapped as caprock or top of salt throughout the
study area.

This reflector is much stronger in diapirs on the conti¬

nental slope in the northwest gulf than on the slope farther east off¬
shore Louisiana.

Better-developed caprock, or differences in the

thickness and continuity of this caprock, may account for the variations
in reflector character (Amery, 1976).
The second important structural component of the slope in this area
is the growth fault.

This feature has also been referred to as a

"depositional fault” and a ”gulf coast type fault”.

Ocamb (1961)

defined growth faults as ”. . . those faults which have a substantial
increase in throw with depth and across which, from the up thrown to the
downthrown block, there is a great thickening of correlative section”.
This increase of throw with depth implies that deposition has been
contemporaneous with faulting.

Growth fault dips are commonly 40-60°

with a decrease in this dip with depth along the fault plane commonly
being observed (Ocamb, 1961; Hardin and Hardin, 1961).

Fault throw is

dip slip only and is generally down-to-the-basin in direction.

Growth

faults outline depositional areas and usually show unbroken regional
development, not an en echelon pattern (Ocamb, 1961).

Rollover and

reverse drag along the fault plane are common characteristics.
Several hypotheses have been proposed to explain growth fault
development.

Differential compaction, slumping at the shelf edge, salt

or shale flowage at depth, basement faulting and movement due to
gravity flow under load are among the more prominent causes proposed
for this type of sediment displacement.
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Subsidence faulting due to gravity flow and not regional down¬
warping was a theory advanced by Bornhauser (1958).

On the other hand,

the subsiding basement theory suggests that basinal subsidence has
occurred through movement along faults originating in the basement, their
effect transmitted through the overlying sediment section.

After the

initial break, thick accumulations of sediment would continue sinking
of the downthrown block.

Shelton (1968) has offered evidence that

lateral variations in sediments at the time of deposition did not trigger
fault movement; movement proceeded independently of the depositional
framework.

He further proposes that faults due to salt or shale flowage

or gravity influence are superimposed on the regional basement fault
patterns and are not fundamental to primary basinal development.
Several authors subscribe to the hypothesis that growth faulting is
linked to salt dome evolution (Quarles, 1953; Ocamb, 1961).

Normal

faults developed on the flanks of salt anticlines in response to the
vertical movement of the salt.

In this way of thinking, both up-to-the-

basin as well as down-to-the-basin contemporaneous faults could form.
Lehner (1969) stated that growth faulting could be a response to salt
flowage at depth away from the prograding clastic wedge.
"Slumping” at the shelf-slope break has also been held accountable
for development of regional contemporaneous faults.

Hardin and Hardin

(1961) subscribed to the idea that the continental shelf in the Gulf of
Mexico is a result of sediment outbuilding.

With subsidence accompany¬

ing this outbuilding, the locus of accentuated dip (shelf~slope break)
moves basinward.

This change in dip exerts a large horizontal component

of force on the sediment and causes blocks of sedimentary material to
slump basinward in a series of growth faults.

Thicker sediment accumu-
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lation on the downthrown block insures continued fault movement from the
added weight.

While near-surface movement has a vertical and horizontal

component, the horizontal takes over at depth where the fault is ab¬
sorbed in underlying shale beds.
One of the more popular hypotheses concerning growth fault origin
involves differential compaction of the sediment section (Carver, 1968;
Bruce, 1973).
facies change.

Fault appearance, therefore, would require a thickness or
Faults would occur perpendicular to this change and on

its updip side, in close spatial and temporal relationship with areas
of rapid sediment accumulation.

Bruce (1973) pointed out that growth

faulting formed during periods of shelf progradation which accompanied
regressive depositional phases.

Consequently, regional contemporaneous

faults are younger in a basinward direction, the least mature faults
found at the present shelf-slope break (Lehner, 1969; Woodbury et al.,
1973).

U
Sedimentation Patterns

The advancing wedge of detrital sediments in the Gulf of Mexico has
largely determined the morphology of the continental margin off Texas
and Louisiana,

Sea level fluctuations have played an important role in

the distribution of these elastics across the shelf and slope.

These

fluctuations shifted the different depositional environments back and
forth across the shelf, with the shoreline standing at the shelf-slope
break during maximum regression.
Deposition of these silicate clastic sediments during the PlioPleistocene was basically a continuation of the sedimentary processes
active since the late Cretaceous%

The shelf edge in the northwest gulf

has prograded as much as 402 kilometers (250 miles) into the gulf basin,
a result of this rapid sedimentation since the end of the Cretaceous
(Woodbury et al., 1973).

An isopach map of Pleistocene sediments

(Figure 2) depicts the thickness of material deposited in the last
3 million years, slightly older than the beginning of Pleistocene time
(Woodbury et al., 1973).

The data indicate rapid sedimentation in the

northern gulf throughout the Pleistocene with accumulations in excess
of 3636 meters (12,000 feet).

The depocenter lay near the present shelf

edge offshore Texas and Louisiana.

In this locality, the shelf edge

has prograded approximately 80 kilometers (50 miles) into the Gulf of
Mexico during the last 3.5 million years (Woodbury et al%, 1973).
Coarse-grained sediments present in the continental shelf’s sedi¬
ment section are believed to result from fluvial and deltaic processes
(Frazier, 1974; Caughey, 1976).

Broad distribution of these sediment

types across the shelf could indicate reworking as transgressive seas

Figure 2,

Generalized isopach map of Pleistocene sediments,
including some sediments of upper Pliocene age. Con¬
tour interval of 2000 feet (from Wbodbury et al., 1973).
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migrated the high energy, nearshore environment updip (Roemer, 1976).
Most published information on continental slope sedimentation has
been made available through reports on petroleum industry drill core
programs (Lehner, 1969; Sangree et al., 1976; Woodbury et al., 1976).
The majority of the cores drilled were taken on or near salt diapirism
or on the shelf-slope break.

The maximum allowable sediment penetration

was set at 305 meters (1000 feet).
These investigations yielded data which suggests that sands assumulated just seaward of the shelf-slope break during periods of lowered
sea level.

Cores taken in prograding foreset beds located at the shelf

edge contained a sequence of interbedded sand and mud (Lehner, 1969).
Caughey (1976) postulated that during low stands of sea level, coarse
sediment was transported through a series of fluvially-dominated delta
lobes.

Down-to-the-basin growth faulting accompanied the rapid deposi¬

tion of these prograding deltaic sands, allowing them to sink into the
underlying slope and prodelta muds and be preserved intact.

Unlike

shelf sands, this coarse detritus was deposited below the shelf break in
a subsiding environment with little chance for reworking and redistribu¬
tion during transgressive stages.
Overloading of the shelf edge by these prograding delta foresets
has been postulated to be the cause of gravity-induced mass movement of
sediments downslope (Lehner, 1969).

The extent and morphology of a

particular submarine slide on the Texas upper continental slope have
been discussed by Lehner (1969) and Woodbury et al, (1976).

This slide

extends approximately thirty miles downslope, with distinct lateral
limits.

Cores recovered from within this slide area contain shallow

water sands and muds of late Wisconsinan age
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The 3-5° angle of the prograding foresets, greater than the 2°
angle of repose of the underlying slope muds, could be attributed to
the higher sand content of those foresets.

As the shear strength of

these beds is exceeded, the outer portion of the clastic wedge moves
downslope as a massive failure (Lehner, 1969).

Mass sediment movement

is found elsewhere across the gulf upper continental slope, though not
usually of the magnitude just described (Garrison et al., 1977).

Sedi¬

ment failure is also found in response to diapiric movement of shale or
salt.
Besides submarine slides, drill core and seismic data indicate that
turbidity currents contribute significantly to basinal fill on the upper
slope.

Piling up of sediments on the shelf edge would lead to instabi¬

lity and frequent slumping could generate this turbid flow (Ewing et al.,
1956).

Turbidite sands were recovered from several upper slope cores,

while sand or silt stringers were common throughout the sections cored
(Lehner, 1969; Woodbury et al., 1976).

Due to the nature of these

drilling programs, very few cores were drilled in bathymetric lows, the
optimum location for turbidite sand recovery.

As a result, it is

unlikely that the turbidite sand potential on the upper slope has been
fully realized.

Woodbury et al. (1976) reported that one of their cores,

drilled in a closed bathymetric low, yielded 15-30 meters (50-100 feet)
of sand section and had bottomed out in this permeable sand.

Turbidite

sand has also been cored on bathymetric prominences, providing an indi¬
cation of the maturity of these salt-induced features (Bouma et al.,
1976).
Woodbury et al. (1976) noted a relationship between fauna and
terrigenous sand in the coarse fraction of the upper slope cores.
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Sediments with a neritic fauna had their coarse fraction dominated by
terrigenous sand.

On the other hand, samples with a slope fauna had a

coarse fraction of predominantly foraminiferal tests.

These displaced

neritic fauna show no affinity for a specific water depth, distance
from shelf edge or geographic position.
Seismic facies analysis discussed by Sangree et al. (1976) allows
the correlation of drill core data with seismic reflection data to
isolate distinct sedimentary facies.

This method provides for the

analysis of depositional processes and the prediction of sediment type
on the basis of seismic data alone.

This analysis is particularly use¬

ful in the interpretation of shelf-edge sedimentation.
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Biostratigraphic Zonation of the Gulf Coast Pleistocene

As the petroleum industry advanced their drilling operations off¬
shore, the use of planktonic microfossils for biostratigraphic zonation
became a common practice.

Pleistocene biostratigraphic units based on

the ranges of planktonic foraminifers, as well as benthonic forams and
nannoplankton, provided a general zonation of the Pleistocene section.
In subsequent attempts to further subdivide the gulf coast Pleis¬
tocene, stratigraphers have analyzed the relationship between planktonic
foraminiferal assemblages and Quaternary climatic fluctuations.

The

correlation of relative numbers of warm-water and cold-water foramini¬
feral species with the glacial and interglacial periods of the Pleisto¬
cene has provided a generalized climatic record for approximately the
last two million years.

The stratigraphic distribution of these

temperature-sensitive species can also provide an accurate means of
correlating glacially-related Pleistocene events (Beard, 1969),
Studies of marine stratigraphic sequences indicate that the Gulf
of Mexico represents an ideal locale to study this relationship in
detail.

Sedimentation rates are higher than in most oceanic areas, yet

planktonic foraminifera abound in the relatively shallow water depths
typical of the gulf (Kennett and Huddlestun, 1972).
Pioneer work on fluctuations in the relative percentages of tem¬
perature-tolerant planktonic foraminifera within the gulf was introduced
by Phieger and Parker (1951).

These authors noted general paleoclimatic

changes on the basis of fluctuations between warm and cold water forami¬
nifera.

Ewing et al, (1958), Beard 0.969), Erlcson and Wollin (1969)

and Kennett and Huddlestun (1972) delineated paleoclimates based pri-
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marily on variations in the abundance of two species which reflect ex¬
treme temperature ranges.

Studies by these authors show the Globorota-

lia menardii group to be indicative of warm water conditions, wMvlfc
Globorotalia inflata represents the most sensitive cold-water form.
The Globorotalia menardii group, consisting of Globorotalia menardii,
Globorotalia tumida and Globorotalia flexuôsa, was treated as a single
unit since biostratigraphic studies showed the three species reacted to
climatic variation in a similar manner (Kennett and Huddlestun, 1972).
The most comprehensive biostratigraphic studies to date of the
deep-sea sections in the gulf coast Pleistocene have been presented by
Beard (1969) and Kennett and Huddlestun (1972).

Although their inves¬

tigations reported essentially the same micropaleontologic and climatic
events, the positioning of these events within a chronologic framework
differed greatly between the authors (Figures 3 and 4),

Beard (1969)

established his paleoclimatic chronology from a combination of two
dating techniques.

Carbon-14 dates of deep-sea sediments spanned the

past 35,000 years, while older pleistocene sections were correlated
with paleomagnetic reversal episodes, dated by the potassium-argon
method.

Kennett and Huddlestun (1972), on the other hand, correlated

their paleoclimatic interpretations with climatic curves established
from Caribbean cores which had been dated by the 231j>a and 230^
methods (Broecker and Ku, 1969; Broecker and Van Donk, 1970),

Further

confirmation for their chronological framework came upon comparison of
their curves with those of Ericson and Wollin (1968),
Published biostratigraphic investigations of continental shelf and
slope sediments in the Gulf of Mexico are very few in number.

Lehner

(1969) provided biostratigraphic zonation of several drill cores in

Figure 3.

Correlation of paleomagnetic and paleoclimatic time
scales for the Pleistocene (from Beard, 1969).
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the northwest gulf, this zonation apparently based on fluctuations in
the percentage of temperature-sensitive planktonic foraminifera.
The most recent analysis of this subject has been published by
Poag and Valentine (1976).

In their report, these authors outlined

eleven biostratigraphic and ten ecostratigraphic units based on the
variations within the foraminiferal species present.

Biostratigraphic

units were delineated by the ranges and associated taxa of calcareous
nannofossils and benthonic and planktonic foraminifera.

In contrast,

the alternation down core of assemblages of warm, deep water foramini¬
fera versus cool, shallow water foraminifera permits the recognition of
distinct ecostratigraphic units.

The combination of these two zonation

schemes facilitates detailed correlations across the Gulf of Mexico
basin and divides its Pleistocene section into seven regressive-trans¬
gressive couplets (Figure 5),

The paleoclimatic scheme developed by

these authors agrees closely with that presented by Kennett and Huddlestun (1972) for the past 175,000 years.
Exact placement of the Plio-Pleistocene boundary has long been a
topic of discussion.

Estimates of the duration of Pleistocene time

have ranged from 300,000 to 2.8 million years.

Ericson and Wollin

(1968) based their date of 2 million years BP on changes in species of
planktonic foraminifera (e,g., first abundant occurrence of Globorôtalia
truncatulinôides) and the extinction of Discoasteridae.

In a similar

vein, Poag and Valentine (1976) recognized the boundary by several im¬
portant biostratigraphic events, as defined by Berggren and Van Couvering (1974) and Briskin and Berggren (1975), that occur within the
Olduvai normal paleomagnetic event (1.61 - 1.79 million years BP).
Beard (1969), on the other hand, provides an alternate Plio-Pleistocene

Figure 5,

Calibration of zones, paleobathymetry and paleoteni"
perature in the Texàs-Louisiana basin with paleoclimatic, paleomagnetic and radiometric time scales of
other investigators (from Poag and Valentine, 1976).
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date based on the onset of severe climatic deterioration which is coin-i
cident with the extinction of Globôqüàdrinà àltispjra.

Correlation with

the paleomagnetic time scale places this boundary at 2.8 million years
BP.
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Paleomagnetic Chronology

Continental glaciation during Pleistocene time yielded a sedimen¬
tary sequence deposited in the gulf in response to eustatic changes
caused by the growth and later melting of the ice sheets.

This glacial

waxing and waning produced a discontinuous sedimentary record at best.
The erosive power of the advancing ice sheet destroyed the deposits of
earlier glaciations, while stream and wind erosion took their toll dur¬
ing the interglacial periods.

As a result, continental sediments were

deemed "unfit" for paleomagnetic interpretations, and marine sediment
sequences were sought as an alternative approach.

The fairly continu¬

ous deposition of terrigenous and biogenic material in the marine
environment, although accompanied by variable sedimentation rates,
provided a better mechanism to study Pleistocene paleomagnetic chrono¬
logy (Ericson and Wollin, 1968).
The geomagnetic time scale is well defined for the past 5 million
years, as evidenced by the compilations of a sub-commission of the
International Commission on Stratigraphy (1973) (Figure 6).

Periods of

reversed and normal polarity are labeled "epoch" and "event", the
assigned term dependent on the duration of each interval.

Epochs are

periods dominated by a single polarity lasting about one million years,
while events are periods of one polarity lasting 0.01 to 0.1 million
years.
The time scale indicates that the earth's field has kept its pre¬
sent or normal polarity for the last 690,000 years.
been designated the Brunhes normal epoch.

This time span has

Within the Brunhes, one

short (1,000 year) period of reversed polarity known as the Laschamp
event occurred at approximately 30,000 years BP.

For 1.74 million

Figure 6.

Geomagnetic time scale (after Cox, 1969)
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years prior to the Brunhes normal, an interval of reversed polarity
named the Matuyama reversed epoch dominated the time scale.

The Matu-

yama contains three short periods of normal polarity at about 900,000,
1.6 million and 1.9 million years BP, labeled the Jaramillo, Gilsa*
and Olduvai events, respectively.
The well-defined Pleistocene paleomagnetic chronology can be applied
to stratigraphic correlations and age dating problems in a variety of
sediment types.

This form of stratigraphic classification, labeled

fl

magnetostratigraphyn, is defined as

,f

that element of stratigraphy which

is concerned with the organization of strata into units based on the
polarity of their remanent magnetism11 (Carter et al., 1973).

Signifi¬

cant studies in magnetostratigraphy and related age dating have been
conducted by many authors, including Opdyke et al.
Opdyke (1967), Phillips et al.

(1966), Hays and

(1968) and Watkins et al.

(1973).

Mag-

netostratigraphic work in the Pleistocene in particular has been ad¬
vanced by Glass et al.

(1967), Ericson and Wollin (1968), Kennett and

Huddlestun (1972) and Clark and Kennett (1973).
One application of this work involved correlation of paleomagnetic
age dating interpretations with data based on the climatically-controlled foraminiferal variations discussed previously.

In this vein,

Ericson and Wollin (1968), Beard (1969), Kennett and Huddlestun (1972)
and Poag and Valentine (1976) have generated Pleistocene time scales
and associated climatic curves which they then correlated with the
Pleistocene glacial stages.

Faunal data, age boundaries and the re¬

sulting Pleistocene interpretations do vary between authors.
Significant differences occur with respect to placement of the
Plio-Pleistocene boundary in a paleomagnetic chronological framework.
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Ericson and Wollin (1968) and Poag and Valentine (1976) place this
boundary in or near the Olduvai normal event, while Beard (1969),
with a date of 2.8 million years BP, sets the onset of Pleistocent time
near the Kaena reversed event of the Gauss normal epoch.
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MATERIALS AND METHODS

Seismic Data

High resolution seismic coverage of the area was provided by the
United States Geological Survey, Office of Marine Geology, Corpus Christi, Texas, through their Upper Continental Slope Project.

Two phases

of seismic data collection were involved in this program.

Collection

of high resolution seismic information was completed by the Western
Geophysical Corporation of America in 1975 aboard the M/V WESTERN BEACON.
These 1000 joule sparker lines were shot on an 8.1 x 8.1 kilometer
(5x5 statute mile) grid in water depths ranging from 120 to 870 meters
(395 to 2854 feet).

Additional seismic information was collected by the

United States Geological Survey in the spring of 1976 aboard the R/V
H. J. W. FAY.

This minisparker data covered only a selected area within

the Western Geophysical seismic grid.

A track chart outlining seismic

coverage of the study area is given in Figure 7.

The sparker profiles

provided subbottom information to a depth of 240 meters (800 feet) with
an optimum resolution of sediment units down to 4.5 meters (15 feet) in
thickness.

Component specifications for both sparker systems are pre¬

sented in Table I.
Navigation for both phases of data collection was provided by a
system which integrated LORAN-C and satellite fixes, providing an
accuracy of + 61 meters (200 feet).

In the process of shooting each

seismic line, navigational fix marks (shotpoints) were noted every
305 meters (1000 feet) during the Western Geophysical program and every
200 meters (656 feet) on the U.S.G.S. lines.

All navigational data were

Figure 7,

Track chart listing the seismic coverage oyer the study
area.
Lines 21, 23-26 and 33-'37 were shot by Western
Geophysical Corporation o£ America in 1975.
Lines
1-10 were shot by the United States Geological Survey
in 1976.
(see enclosure)
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Table I.

Components of the High Resolution Sparker Systems
Western Survey

U.S•G.S, Survey

acoustic source

EG&G sparker

Del Norte Model 561 sparker

sparker output

1000 joules

700 joules

source depth

3.0 meters

3.0 meters

hydrostreamer

20 WG 1018 phones

EG&G Model 262j

hydrostreamer
depth

3.0 meters

3.0 meters

recorder

EPC Model 4100

EPC Model 4100

amplifier

Krohn-Hite
(fixed gain)

Del Norte Model 502A
(fixed gain)

filters

90-300 cycles/second
or 400-800 cycles/
second

60-1000 cycles/second
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stored on magnetic tape in order that post-plot maps of the seismic
coverage could subsequently be produced.

These post-plots provided the

base or reference maps upon which area geology could later be defined,
A direct correlation between shotpoints noted on the seismic lines and
those outlined on the post-plot charts permitted the positioning of
observed geologic features onto a reference grid of the study area.

Seismic Interpretation

The initial effort in seismic interpretation involved the construc¬
tion of a bathymetric chart of the study area.

To convert two-way

travel time to actual distance, the velocity of sound in water was
assumed to 1500 meters/second (4920 feet/second).

Bathymetric contours

were drawn every 15 meters (49 feet).
Further analysis of seismic data included the preparation of a map
outlining major geologic features. Structural deformation of the sedi¬
ment column in this area has resulted from several different, mappable
mechanisms.

Diapiric activity, presumably salt, is responsible for the

more complex local bathymetry.

Positions of those uplifts which could

be seen to affect the upper 0.3 second of sediment were noted.

Presence

of a strong subsurface reflector associated with this diapirism and
assumed to be either caprock or top of salt was also outlined.

The ad-

justment faulting which develops above and around the observed diapirs
was, in most cases, difficult to trace confidently.

Seismic line

spacing was too large to accurately identify most fault patterns.

Shelf-

edge growth faults posed a similar problem, although the more prominent
of these ’’contemporaneous faults” were able to be identified on adjacent
seismic lines.
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The study area is bounded on the east by a submarine slide, previ¬
ously described by Lehner (1969).

Selected areas of limited downslope

movement are also found associated with diapiric activity.
Several subbottom reflectors were traced throughout the study area
to assist in the interpretation of the structural and sedimentary histo¬
ry.

The three reflectors chosen, labeled A, B and C, were able to be

traced throughout the area, only occasionally losing continuity over
diapiric uplifts.

Reflector C was sometimes difficult to distinguish

as the seismic line approached the continental shelf.
In order to correlate this seismic data with information gleaned
from the drill cores, the two-way travel time scale on the seismic re¬
cords must be converted to actual depths in meters.

To accomplish this,

a value for velocity of sound in the substratum must be assigned.

A

velocity of 1760 meters/second (5773 feet/second) was assumed for the
first one hundred meters of sediment (Sidner, 1977).

Beyond one hun¬

dred meters, depths were calculated using the equation from Lehner
(1969),
V = 5500 + 0.5 Z
where V is velocity of sound in the given medium and Z is the depth in
meters below the sediment surface.
The method of seismic facies analysis employed by Sangree et al.
(1976) was applied where possible.

This type of analysis isolated indi¬

vidual seismic units based on reflector character and overall morphology.
These defined units are then correlated with sedimentary facies outlined
through drill core sedimentological data.

In combining seismic and sed¬

iment information, depositional processes can be inferred.
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Drill Cores

The two drill cores used in this study were recovered by the Shell
Oil Company in 1967 aboard the M/V EUREKA as part of their drill coreseismic program on the continental slope in the Gulf of Mexico.

They

are now in the possession of the United States Geological Survey, Office
of Marine Geology, Corpus Christ!, Texas.
Exact placement of these drill cores within the study area for cor¬
relation with high resolution seismic profiles required the controlling
factor of water depth in conjunction with the navigational coordinates.
The latitude and longitude figures provided by the Shell Oil Company
were accurate only to the nearest minute.

If placement according to

these coordinates did not agree with the recorded water depth, reasonable
adjustments were made to coordinate core location with bathymetry.
Core 67-115A is located on the flank of a diapiric uplift in 415
meters (1361 feet) of water.

To the west, Core 67-113 was drilled at

449 meters (1472 feet) water depth in a structurally uplifted sediment
section associated with the same diapiric mass.

Both holes were con¬

tinuously cored, penetrating sediment depths of 283 meters to 305 meters,
with percentage recovery ranging from 88 percent to 92 percent (Table
II).

The cores are 5 centimeters (2 inches) in diameter and were re¬

trieved with a 4.6 meter (15 foot) wireline core barrel.
are presently being stored in 90 centimeter sections.

Core sections

The extremely dry

state, small core dismeter and extensive previous sampling have led to
breakage during transport and final storing of these cores.
Sediment sampling of each core was conducted for textural, micropaleontologic and paleomagnetic analyses.

Approximately 100 grams of
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Table II.

Drill Core Data (from information provided by the Shell
Oil Company)

Core
Water
Sediment
Hole Location Depth
Penetration
Lat(N) Long (W) (m) (m)

67-113
67-115A

27028»
27O29»

Recovery
(m) %

95°54‘

449

283

248

88

95°50’

415

305

280

92
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sample were taken at a sampling interval which varied from 1.5 meters
(5 feet) to 4.6 meters (15 feet).

The sampling interval departed from

the standard 3.05 meters (10 feet) whenever the core section was in¬
complete.
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Sample Preparation

Sedimentological Analysis

Each drill core was accompanied by a brief core description com¬
piled by Shell Oil Company which summarized gross lithologic variations.
The present dry state of the cored sediment made any further visual ana¬
lysis virtually impossible.

Sidner (1977) attempted X-radiography on

several different cores from Shell Oil Company1s EUREKA drilling program,
but met with little success.

He attributed the poor results to sediment

disturbance resulting from the coring procedure and subsequent handling
of cored material.
To further analyze the sedimentologic aspects of the drill core
sediments, textural analysis was completed using a Coulter Counter
(Shideler, 1977).

This instrument is presently in use at the United

States Geological Survey, Office of Marine Geology, Corpus Christi,
Texas.
A representative work subsample of an average 30 grams was obtained
from each original core sample, labeled and placed in a one quart Mason
jar.

Air drying in the laboratory was unnecessary, the core samples

already being in a dry state.

Each subsample was then boiled in 30 per¬

cent hydrogen peroxide (H2O2) to oxidize any organic matter present.
The jarfs contents were dried under heat lamps until only slightly damp.
To remove any soluble salts present, each jar was then filled with 800
ml of distilled water, stirred, and the suspension allowed to settle
undisturbed for at least sixty hours.

At that time, the clear superna¬

tant fluid was siphoned off and the subsample air-dried.

After the
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subsample was dried and its weight recorded, 500 ml of a 5 gram/liter
calgon solution were added.
at least 24 hours.

The suspension was allowed to settle for

If flocculation occurred, the supernatant fluid was

decanted and the jar refilled with 500 ml of the calgon solution.
In preparation for Coulter Counter analysis, each subsample was
finally wet-sieved.

The slurry was poured through a set of *-1.0 0 (#10)

and 4.0 0 (#230) sieves; any mud lumps were disaggregated with very
gentle pressure.

Calgon solution was used to wash the residue through

the sieves, and added to bring the filtrate back to a constant volume
of 800 ml.

The gravel fraction retained on the -1.0 0 sieve was washed

with distilled water, oven-dried, cooled and weighed.

The same proce¬

dure was followed with the sand fraction retained on the 4.0 0 sieve.
In addition, the sand and gravel fractions were analyzed microscopically
to determine the percentage of biogenic or bioclastic material versus
terrigenous elastics.

If .4 percent or more of the sand fraction was

terrigenous and the sand weight was greater than .5 gram, this sample
was run on the Rapid Sediment Analyzer to determine phi(0) breakdown
in the sand size range.

The mud suspension was set aside for subsequent

Coulter Counter analysis.

Paleomagnetic Analysis

Most sediments exhibit a detectable permanent magnetization which
can be achieved in the sedimentary material in one of two ways.

In the

first, magnetic particles are deposited with clastic material and be^
come aligned with the current magnetic field.

This type has come to be

known as depositional remanent magnetization (DRM).

In the second case,
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post-depositional chemical changes involving iron minerals introduce an
additional magnetization.
Laboratory tests have indicated a phenomenon named "inclination
error", which is a tendency in sedimentary material for the acquired
magnetization to be slightly less than the earth's field at that time.
This could be explained if one examines the clast's magnetization direc¬
tion and alignment.

Smaller particles have their magnetization aligned

parallel to their long axis, yet gravity forces them to settle out into
a horizontal position.
Studies have also indicated that sedimentary material of smaller
particle size displays a more stable DKM.

The dominant magnetic mineral

in such fine-grained material has been found to be magnetite.
Sediment samples from the Shell Oil Company core holes are predomi¬
nantly fine-grained and would be expected to have a permanent magneti¬
zation direction.

However, there is evidence of "contamination" from

post-depositional chemical changes in the sample iron content.

Decaying

biogenic material yields sulfides, in particular, the iron sulfide
pyrite (FeS2).

With depth in the core, percolating brine solutions,

resulting from nearby diapiric salt, oxidize the sulfides to sulfates,
with one end product being natrojarosite (Na2Feg(0H)^2(S0^)^), a sodium
iron sulfate (Holmes, pers. comm., 1977).

Precautions were taken to

avoid these diagenetic minerals when subsamples were taken.
Another obstacle in paleomagnetic work on sediments is the chance
that the section will be disturbed and the magnetization acquired at the
time of deposition will be lost.

Seismic lines over each core hole

were analyzed for any resolvable faults, slides, slumps or other evi¬
dence of movement.

Core 67-113 is surrounded by faults related to
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nearby diapiric activity, while 67-115A is positioned in a "clean"
sedimentary section.

It should be noted that small scale movements

beyond the limits of resolution of the sparker source may be present,
though not obvious on the seismic record.
Small scale sediment disturbances can also be biologic in origin.
Burrowing organisms can rework a sediment section and leave a magnetic
age greater than or equal to the actual age of the sediment.

Every

effort was made to avoid visible burrows when the paleomagnetic subsample was taken.
Paléontologie work completed by Shell Oil Company on these drill
cores has indicated a rather substantial Quaternary section in both
67-113 and 67-115A.

The major normal and reversed periods would be

expected to manifest themselves in the magnetic subsamples taken.
However, the sampling interval may be insufficient to accurately dis¬
tinguish each of the four events, if they are repersented in the sedi¬
ment section at all.
Since the magnetic moments of sedimentary material are usually very
weak, the drill core subsamples needed to be run on a highly sensitive
magnetometer.

A cryogenic magnetometer (Carnes et al., 1972) was in

use at the University of Texas Marine Science Institute, Geophysics
Laboratory, located in Galveston, Texas, and was selected for use in
this study.
A representative subsample was obtained from each original core
sample for paleomagnetic analysis.

For the cryogenic magnetometer, a

cylindrical sample 2 centimeters in diameter and at least 2.5 centimeters
in length was required.

The dry state of the sediment cores required

the careful use of a drill press to obtain the necessary subsample
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shape and size.

This sample shrinkage could have resulted in direction

scatter in the measurements which were to follow.
The first step involved measuring the natural remanent magnetiza¬
tion (NKM) of each subsample, which in the case of sedimentary material
is actually the DRM.

Following recording of the NRM, the subsample

was tested for stability of this value by subjecting it to a process
of demagnetization.

These demagnetization tests are of great importance,

for they remove the unstable magnetic components and permit a clear
view of the stable NRM.

The two tests used in this study are alterna¬

ting field demagnetization and thermal demagnetization.
The alternating field demagnetization process involves subjecting
the subsample to alternating magnetic fields of variable strength.

In

this study, all subsamples were subjected to an alternating field of
150 oersteds.

As controls, several subsamples were exposed to step-

alternating field demagnetization to a maximum of 200 oersteds.

Second¬

ary viscous components were satisfactorily removed as a result of this
alternating field demagnetization.
The other test, thermal demagnetization, is accomplished by heating
the subsamples to increasing temperatures and permitting them to cool
in a space free of any magnetic fields.

This process has proven effect

tive in eliminating fields still stable under alternating field demag¬
netization, but fields obviously secondary in nature.

Although not

employed on all the drill core subsamples, stepi~thermal demagnetization
was used on several members of the sediment collection to a maximum of

680°.
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Micropaleontologic Analysis

The brief core description provided by Shell Oil Company included
a summary of the general micropaleontologic work conducted on their
upper slope cores.

Their sample examinations showed that both core

67-113 and 67-115A contained a Pliocene to Recent sediment section.
Faunal data for core 67-115A were provided by Sidner (pers, comm.,
1977).

In his biostratigraphic investigation of core 67-115A, Sidner

followed the zonation pattern of Poag and Valentine (1976),

Globorota-

lia cultrata (Globorotalia menardii) group was used to indicate warm
water intervals (interglacial episodes), while TurbOrotalia inflata
(Globorotalia inflata) was selected as the most sensitive indicator of
cold water or glacial episodes.

GlôbCfotàlià crâssàfôrmis was used to

indicate marginally-cool water, as this species is most abundant during
moderately cool intervals and generally absent during times of extreme
cold (Kennett and Huddlestun, 1972).

The position of the coccolith

Pseudoemiliania lacunosa, providing an age date of 440,000 years BP,
was noted in the cored section.

The upward extent of Globorotalia

flexuosa, which marks the end of the penultimate interglacial (Sangamon)
at 90,000 years BP, was also recorded.
The location of core 67~113 on the edge of a deep depression
prompted the feeling that the results of any chronologic work attempted
on this core would be somewhat suspect.
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OBSERVATIONS

Bathymetric Configuration of the Upper Slope

The single, unifying characteristic of continental slopes worldwide
is their topographic attitude.

Classified as a distinct physiographic

unit, the slope is composed of various submarine landforms with a topo¬
graphy ranging from rugged to smooth.

The upper limit of the continen¬

tal slope is considered to be the break in slope coincident with the
edge of the continental shelf.

The bathymetric interpretation of the

study area (Figure 8) places this change at the 150 meter (492 foot)
bathymetric contour for most of this portion of the upper slope.

The

gentle gradient of the continental shelf, approximately 0.4°, steepens
at the shelf-slope break to an overall average of 1°.
Specifically, in the western section of the area mapped, this
steepened gradient averages 0.75° and continues seaward uninterrupted
by isolated highs or lows.

Sections of the upper slope in this western

area exhibit two observable basinward increases in slope attitude.

The

first break in slope at 150 meters (492 feet) increases the gradient
slightly to approximately 0.5°.

The bathymetric chart shows another in¬

crease in slope to approximately 1° near the 240 meter (787 foot) con¬
tour.
The eastern half of the study area is marked by a more irregular
topography seaward of the 330 meter (1082 foot) contour line.

In addi¬

tion, the slope gradient basinward of the shelf-slope break increases to
an average 1.5°.

The isolated high observed on the high resolution

sparker lines in this area suggests local diapirism.

The more complex

Figure 8.

Bathymetric chart covering the entire study area.
tour interval is 15 meters, (sea enclosure)

Con^
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configuration of contour lines surrounding this uplift is outlined in
greater detail in Figure 9.

Two prominent depressions having a maxi¬

mum relief of 75 meters (246 feet) appear to be associated with this
topographic high.
salt flowage.

These "reentrants" could also owe their existence to

Furthermore, this isolated high could be connected with

the topographic ridge extending into the southeastern section of the
study area.

This association would prodice a singular, elongate uplift

trending northwest-southeast, rimmed on either side by reentrants into
the upper slope.

The average gradient across this ridge is 0.5°, while

the nearby valleys have a steeper slope of 1.3°.

Figure 9

Bathymetry surrounding Shell Oil Company core holes
67-113 and 67-115A,
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Diapiric Features and Related Sediment Deformation

A comparison of the bathymetric chart (Figure 8) with a map of the
predominant structural elements in the study area (Figure 10) reveals a
close association between irregular bathymetry and local diapiric acti¬
vity,

The smooth topography of the western section is free of any

seismically-observable intrusions, while the isolated high, depressions
and ridge to the east are the expression of sediment deformation related
to this diapirism.
Presence of salt beneath the isolated domal structure in the center
of the study area was confirmed by Lehner (1969) .

The Shell Oil Company

drill core 67-114A (Figure 9) found salt at 142 meters (467 feet) below
sea bottom (Lehner, 1969),

The data presented by Wbodbury et alf (1973)

labeled the study area as the westward extension of a zone of large,
isolated salt diapirs which continue eastward across the Louisiana
shelf.

Along this same vein, McGookey (1975) noted that, in the north¬

west gulf, salt deposition was not ubiquitous.

In his analysis, the

study area marks the boundary between little or no salt deposition and
a thin salt layer (Figure 11), or the approximate edge of the Jurassic
salt basin.

The relative paucity of salt leads to a structural style

near this continental shelf edge that is dominated by shale tectonics
(McGookey, 1975).

The mechanics of this shale movement and the causal

sediment loading are summarized by Bruce (1973).

As a result, although

the prominent dome in the study area is known to be saltninduced, the
surrounding mapped zones of diapiric activity could be related to
wither salt or shale flowage.
A north-south high resolution sparker profile over this central

Figure XQ.

Map outlining the predominant structural and deposi¬
tions! elements over the study area,
(see enclosure)

Figure 11.

Distribution of salt deposits within the Gulf of
Mexico basin (from McGookey, 1975)
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salt dome is shown in Figure 12.

The crest of this irregular intrusion

rises to a water depth of approximately 310 meters (1017 feet) with the
steepest seaward flank having a basinward dip of 3.5“.

Numerous small

tensional (normal) faults displace the deformed sediment above the
salt, but the grid of seismic coverage for this area does not facilitate
mapping their lateral extent.
Another characteristic of this domal structure is an area marked
by little or no acoustic return.

Generally, a distinct boundary sepa¬

rates this area of poor return from the surrounding well-bedded sedi¬
ment sequences (Figure 12),

This loss of acoustic character and the

associated observable hyperbolic point reflections are indicative of
either salt itself or an intensely deformed and faulted sediment column
overlying the intrusive material.
A prominent subbottom reflector is associated with this dome and
assumed to be either caprock or the top of salt (Figures 13 and 14).
The term "caprock" is generally applied to the residue or accumulation
derived from solution of the upper portion of the flowing salt (Hurray,
1966).

In this case, Shell Oil Company core hole 67-114A drilled

through 35 meters (117 feet) of caprock, predominantly anhydrite, which
was overlain by 106 meters (350 feet) of Pliocene and Pleistocene deep¬
water shale.

The lateral limits of mappable caprock associated with

this central dome are presented in Figure 10.
The irregular surface of this prominent reflector is observed in
connection with only one other zone of diapiric activity mapped within
the study area.

The ridge extending to the southeast from this central

dome is also the result of diapirism and displays a zone of intense
subbottom reflection (Figure 15).

Other than the obvious bathymetric

Figure 12.

High resolution sparker profile (Line 36) over the
central salt dome showing the location of Shell Oil
Company drill core 67-115A and marking reflectors A,
B and C.
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Figure 13.

High resolution sparker profile Chine XVA-4) over
the central domal uplift, noting reflectors A, B and
C and the surface of the intrusive material (salt).
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Figure 14.

High resolution sparker profile (Line XVA-2) over the
central domal uplift, noting reflectors A, B and C
and the surface of the intrusive material (salt).
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High resolution sparker profile of Line 37 over the
northwest-southeast-trending ridge extending from
the central domal uplift.
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trusive material is noted.
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evidence, the supposition that the central dome and the northwestsoutheast trending ridge result from the same salt intrusion can be
supported by the presence of this prominent reflection.

Reflector

intensity is variable over this zone of diapirism, but is nonetheless
present.

The two other locales of diapiric activity mapped are devoid

of this distinct reflector.

Since these other two uplifts do not dis¬

rupt the surface topography to any real extent, the associated diapirism
is assumed to be deep-seated.

The apparent absence of this reflector

could then result from the depth limits of resolution of the seismic
system.

Whether these uplifted sediment sections owe their existence

to salt or shale flowage, however, is still subject to debate.
Reflector-bounded sedimentary units thin down the flanks of the
central dome, at times with dramatic results (Figure 16).

These same

packages of sediment thin or sometimes disappear across the crest of
this intrusive feature (Figures 13, 14 and 17).

This marked thinning

in all seismically-observable bedding places the onset of diapirism
prior to deposition of these sedimentary units.

However, the rough

topography associated with this central dome, combined with an abundance
of surface sediment faulting, suggests that salt flowage has been dynam¬
ic since its onset.

The onlapping sediment fill visible between S.P.

100 and S.P. 110 on Line XVA-5 (Figure 16) is a probable line of evi^
dence for this continued movement.

The seismic configuration of these

sedimentary layers suggests a pulsating sense of salt emplacement, the
latest prominent pulse in this section of the dome occurring prior to
deposition of reflector C.

Onlap fill in connection with this central

dome is observable only on Line 37 (Figure 16), and the possibility
exists that this reflection pattern is merely a result of the angle of

Figure 16.

High resolution sparker profile (Line XVA-5) over the
northeast flank of the central domal uplift, noting
reflectors A, B and C.
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Figure 17.

High resolution sparker profile (Line XVA-3) over the
central domal uplift showing the location of Shell
Oil Company drill core 67-113 and noting reflectors
A, B and C.
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seismic line crossing.

Whether this salt has a continual or pulsating

mobility is, therefore, not immediately resolvable.
Two striking structural features associated with this central
intrusion are the two "depressions'* on either side of the dome's central
uplifted sediment block (Figure 9).

The more prominent chasm, located

on the dome's western edge, has a maximum relief of 90 meters (295 feet)
A high resolution sparker line run perpendicular to the north-south
trend of this depression shows reflector continuity at a subbottom
depth of .75 second (Figure 13, S.P. 107).

An amorphous wedge of negli¬

gible seismic return is present within the chasm but located above the
realm of continuous reflectors.

This section of poor return could re¬

present real features, seismic diffractions, or a combination of both.
A northeast-southwest sparker profile across the deepest portion of the
trough is shown in Figure 17 (S.P. 109).
Possible explanations for the origin of this feature come to mind,
each with its own set of discrepancies.

The U-shape of the trough it¬

self, its downslope trend and truncation of the beds on the walls of
the depression could coincide with an erosional origin.

A glimpse of

the bathymetric chart, however, shows this trough to be an extremely
localized feature.

If currents travelling downslope have created this

depression, one would expect the bathymetric contours seaward of the
shelf-slope break to reflect this current activity (Figure 9).

The

abrupt basinward termination of this trough provides no possible downslope outlet for the eroding currents.

Furthermore, the width (1 kilo¬

meter or 1.6 miles) and relief of this feature would demand a current
velocity of extreme magnitude to act as the erosive agent.
A structural origin for this particular depression presents a
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second possible explanation.

Rather than strictly vertical movement of

salt, the intrusive material could have flowed with an added horizontal
component.

The salt would, therefore, flow outward at some angle to

the vertical, causing a "wedge-shaped" separation in the overlying sedi¬
ment block as the sediment section was pulled apart.

Collapse of the

surrounding sediment into this depression could account for all or
part of its amorphous "fill".

Continuity of reflector character at

depth would be preserved since the degree of opening of this feature
would decrease with depth to a minimum.
There are several drawbacks, however, to this hypothesis.

The

width of this depression is approximately 1 kilometer (1.6 miles), a
significant amount of separation.

Whether or not this amount of lateral

displacement could be achieved through this structural explanation is
questionable.

Also, the present geometry of the trough, as observed on

the bathymetric chart and seismic profiles, shows a significant depres¬
sion with a minimum amount of sediment fill.

To accomplish this, the

trough either had to form in fairly recent time, or is continually
being flushed along its axis to prevent any significant deposition.
Considering the two preceding explanations, formation of this
depression by structural means appears more feasible than a history of
submarine erosion.

A combination of the two hypotheses, structural

deformation and erosion, could also provide the necessary solution.
On the western edge of the cetnral dome’s crest is a minor depres¬
sion, similar to the first, but showing a maximum relief of only 15
meters (49 feet) (Figure 9).

This feature again displays truncation of

sediment beds along its inner walls.

Its location near the crest pf

the dome and configuration, as observed at S.P. 114 on Line XVA-5,
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S.P, 143 on Line XVA-3 and S.P. 256 on Line 24 (Figures 16, 17 and 18,
respectively) suggest it is a result of differential movement of sedi¬
ment blocks in response to salt flowage.
Besides the diapirism of the central dome and its associated ridge,
two other sections of diapiric activity are mapped within the study area
(Figure 10).

To the southwest, a slightly arched sediment section can

be seen on the sparker records.

An east-west sparker profile over this

intrusion shows multiple faulting, presumable associated with the dia¬
piric activity.

These faults cut through reflectors B and C, but do

not affect reflector A or its overlying section, indicating that the
diapirism predates reflector A (Figure 19).

The configuration of the

bathymetric contours associated with this intrusion attests to a fairly
uniform gradient seaward from the shelf-slope break.

This lack of

obvious surface disruption implies deep-seated diapirism.
Another mildly-affected sediment section is located in the western
portion of the study area.

Just seaward of the slope break, the upward

motion of this intrusion results in a significant amount of faulting.
These normal and reversed faults cut reflectors A, B and C but do not
affect the sediment surface (Figure 20).

Thickening and thinning of

the unit above reflector A in response to this faulting suggests dia¬
piric movement occurred after deposition of A, but that sedimentation
above reflector A essentially smoothed over the irregular, faulted sur¬
face.

Several of these faults can be traced across the domed structure

and fault trends established.

Again, disruption of the bathymetric

contours is at a minimum, so deep-seated diapirism is assumed to be the
cause.
Zones of low amplitude "wavy bedding" have been mapped in two

Figure 18.

High resolution sparker profile (Line 24) off the
eastern flank of the central domal uplift, noting
reflectors A, B and C.

SHOT

POINTS

56

ID
ro
d

in
d

in
in
d

(03S)

in *
<0

d

in
hd

in
00
d

3WI1 13AVH1 AVM-OM1

m
o>
d

in
q

Figure 19.

High resolution
slightly arched
movement in the
Reflectors A, B

sparker profile Chine 21) showing the
sediment section related to diapiric
southwest section of the study area.
and C are marked.
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Figure 20.

High resolution sparker profile (Line XVA-1) showing
the uplifted and faulted sediment column related to
deep-seated diapirism in the western section of the
study area. Reflectors A, B and C are marked.
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locations within the study area (Figure 10).

One zone of minor sediment

disruption occurs in the synclinal basin separating the two intrusions
in the southern section of the study area (Figure 21).

The disturbed

bedding is located on the western valley wall and appears to owe its
existence to the diapiric activity to the west.

The heightened slope

created by this diapiric uplift results in a stronger gravitational pull
downslope.

The sedimentary units have made minor adjustments to com¬

pensate for this greater downslope force.
The second zone of downslope movement occurs in the area between
the central salt dome and the massive submarine slide to the east.
Sediment disruption is more pronounced below reflector C, with bedding
disturbance evident coming off the salt intrusion’s eastern flank and
"grading" into the chaotic reflectors of slide material (Figure 22).
This section of downslope movement could result from the steepened
slope of the diapiric uplift to the west, the increased gradient of
the prograding shelf edge to the north, or a combination of the two.

Figure 21.

High resolution sparker profile (Line 21) showing
downslope movement in the synclinal basin between the
two diapiric uplifts in the southern portion of the
study area. Reflectors A, B and C are delineated.
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Figure 22.

High resolution sparker line (Line 37) showing an
area of sediment movement between the central salt
dome and the submarine slide area to the east.
Reflectors A, B and C are marked.

SHOT POINTS

S

147 150 160 170 180 190 200 210 220

N

61

62
Biostratigraphic Zonation and Reflector Correlation

Biostratigraphic analysis of Shell Oil Company core hole 67-115A,
drilled in a seismically-well-defined sediment section, provided the
more complete zonation scheme within the study area for the gulf coast
Pleistocene (Figure 23A).

Major climatic fluctuations, delineated by

variations in temperature-sensitive planktonic foraminifera, were cor¬
related with several prominent reflectors.

Seismic resolution and age

dating permitted correlation only within the upper Pleistocene section.
The paleoclimatic zonations of Kennett and Huddlestun (1972) and Poag
and Valentine (1976) were used in this analysis (Figures 4 and 5,
respectively).
At a depth below the sediment surface of 93 meters (306 feet), re¬
flector C marks the top of a sequence of prograding foreset beds.

A

basal reflector for this sediment package defined near the shelf-slope
break is beyond the limits of seismic resolution in that area.

Re¬

flector C coincides closely with the upper limit of a zone of Turborotalia inflata which extends through 47 meters (155 feet) of cored sec¬
tion, from 90 meters (294 feet) to 137 meters (451 feet) below mudline.
Abundant T. inflata with a virtual absence of Globorotalia cultrata
ranges through 27 meters (90 feet) of this zone from 95 meters (311
feet) to 122 meters (401 feet) below mudline.

Variable amounts of

Globorotalia crassaformis are visible throughout the entire T. inflata
zone, their numbers increasing as reflector C is approached.
The presence of these climatic indicators and their associations
within this cored interval suggest a significant cooling period within
the Gulf of Mexico resulting in a major low stand of sea level.

The

Figure 23.

Conroarison of paleoclimatic data for Shell Oil Com-1
pany core hole 67-115A. A. Data compiled by Sidner
(pers. comm., 1977). Note the440,000 year age date
indicated by the presence of Pseudoémiliània làcunosa
and the location of reflectors A, B and C,
B.
Data
compiled by Lehner (1969).
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upward Increase of the marginally-cool species G. crassaformis implies
a very slight and gradual warming trend coincident with and above re¬
flector C.

Presence of the coccolith PseudOemiliania lacunosa, at a

position approximately 9 meters (30 feet) down section from reflector
C, places an age date of 440,000 years BP within these regressive depo¬
sits.

The paleoclimatic scheme suggested by Poag and Valentine (1976)

then sets these shelf-margin foresets within the early Illinoian glacia¬
tion (zone U) which culminated at 380,000 years BP.
Reflector B is positioned 48 meters (156 feet) below mudline or
approximately 46 meters (150 feet) stratigraphically above reflector C.
The unit bounded by these two reflectors is characterized biostratigraphically by a basal abundance of G. crassaformis, which grades up¬
ward into a limited presence of G. cultrata, these two species covering
approximately 30 meters (100 feet) of section.

T. inflata becomes

dominant again above this marginally-cool to warm sequence, the upper
limit of this cold-water species being defined by reflector B.
G. cultrata is present in minor amounts throughout most of the 21 meter
(70 foot) T. inflata range zone, possible suggesting a less intense
glacial period than zone U of the early Illinoian, which showed an ab¬
sence of G. cultrata.
The planktonic foraminifera present in the unit between reflectors
B and C correlate well with Poag and Valentine’s (1976) analysis of the
remainder of Illinoian time.

The middle Illinoian (zone V), beginning

with a marginally-cool form, shows a gradual warming trend as the
G. cultrata position is approached.

The upper limit of this warm-water

species within the Illinoian, marked at 71 meters (234 feet) beneath
the sediment surface, had been dated at 260,000 years BP.

The period
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of cold to moderately cold water (zone W) apparent stratigraphlcally
above this warm culminates at a datum dated at 130,000 years BP,

Re¬

flector B, located 50 meters (164 feet) below mudline, coincides with
the level of this datum.

The age date of 130,000 years BP, therefore,

marks reflector B as the boundary between the end of Illinoian time
and onset of the Sangamon interglacial.
The youngest mappable reflector within the study area, reflector A,
corresponds to the last abundant occurrence of Globorotalia flexuosa, a
warm-water planktonic foraminifer.

This boundary has been defined as

the end of the penultimate interglacial and has been dated at 90,000
years BP (Kennett and Huddlestun, 1972).

Therefore, the unit bounded

by reflectors A and B, consisting of section from 32 meters (104 feet)
to 50 meters (164 feet) below mudline, represents sediment deposition
during the 40,000 year time span of the Sangamon interglacial.
Biostratigraphically, this 18 meter (60 foot) division (zone X) is
characterized by consistent appearance of G. cultfàta with sporadic
G. crassaformis, suggesting generally warm water conditions.

The sedi¬

ment section between 36 meters (119 feet) and 44 meters (144 feet) below
mudline, marked by a dramatic increase in T. inflata, could correspond
to the X4 subzone of Kennett and Huddlestun (1972).
While 90,000 years BP marked the end of the Sangamon interglacial,
it also signaled the onset of the Wisconsinan glacial stage,

The cored

sediment section above reflector A, therefore, represents both Wiscon¬
sinan and Holocene sedimentation.

The basal 3 meters CIO feet) of this

unit consists predominantly of G. cfàssàfdrmis and represents the inter¬
glacial-glacial transition zone.

The 30 meters (.85 feet) of section

above this marginally-cool range is dominated by abundant T. inflata.
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Designated zone Y by Kennett and Huddlestun (1972), this interval is
characterized seismically by a prograding foreset sequence, additional
evidence of the regressive stage of Wisconsinan deposition.

Poag and

Valentine (1976) date the upper limit of T. inflata within the Wiscon¬
sinan at 30,000 years BP.
Capping this T. inflata division is a 2,3 meter (7.5 foot) section
characterized by the presence of G. erSssàformis.

This planktonic

foraminifer again indicates the transition from glacial to interglacial
time within the upper Wisconsinan.

An age date of 13,000 years BP has

been assigned to the upper range of this marginally-cool form (Poag
and Valentine, 1976).
The uppermost .8 meter (2.5 feet) of section within core 67-115A
is defined by the occurrence of G. cultrata, implying continual warming
of the gulf waters.

Deposited in the last 13,000 years, this Holocene

section depicts the material deposited since the last major transgres¬
sion began.
Analyses of fluctuations in the abundance of temperature-sensitive
planktonic foraminifera were also conducted by Lehner (1969) for drill
core 67-115A (Figure 23B).

Lehner's account appears to be a more

generalized rendition of the Pleistocene climatic variations.

Neverthe¬

less, major discrepancies between the two studies are readily apparent.
The Quaternary interval covered in this investigation recorded
four cold-warm cycles, while the same time range applied to Lehner's
work shows four warm events with four intervening cold periods.

Place¬

ment of these glacial-interglacial couplets within a chronologic frame¬
work causes most of the conflicts.

The mid-Wisconsinan warm described

by Lehner for core 67-115A does not exist in the paleoclimatic scheme
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developed in this study.

His pre-Wisconsinan climatic variations for

the section studied do not correspond even in a gross sense with the
observations of Sidner (pers. comm., 1977).
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Seismic Facies

Changing sedimentation patterns, as exemplified in the seismic
facies observed on high resolution sparker lines, are most pronounced
in the area of the continental shelf-continental slope transition zone.
Here rapid sedimentation has resulted in basinward progradation and
aggradation of the continental margin.
Seismic facies analyses conducted by Sangree et al. (1976) isolated
various sedimentary facies types and attempted to define the transporta¬
tion-deposition processes responsible for each one.

Through integration

of seismic observations with drill core data, the authors sought to
compile a complete geologic interpretation for each facies type.
The oblique-progradational seismic facies, representing sediment
outbuilding into deeper water from an upper shallow to subaerial surface,
is evident in two separate locations within the study area.

This facies

type characteristically develops on the outer margin of the continental
shelf and can be correlated with shelf-edge deltaic sedimentation.

In

dip profile, three distinct reflection zones are observed (Figure 24A).
The upper and middle zones form on the continental shelf and in the
area of the shelf-slope break, while the lower unit thins basinward
from the thickest part of the facies.

The deltaic interpretation for

this facies type suggests a fairly rapid sediment accumulation accom¬
panied by a stillstand or very slow rise in sea level.
This oblique-progradational facies appears in the extreme northeast
part of the study area in the sediment section above reflector A,

The

level of reflector A corresponds to onset of the last glacial period
(Wisconsinan glacial) which began approximately 90,000 years BP.

These

Figure 24.

A. Oblique-'progradational faciès B. Sigmoid^-ter"
race facies (from Sangree èt al., 1976).
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sediments, therefore, were deposited in response to the major lowering
of sea level during Wisconsinan time (13,000 to 90,000 years BP).

The

only high resolution sparker line in the study area displaying a dip
profile of this facies (Figure 25) provides a clear picture of this
shelf margin deltaic sedimentation.

The defined lower and middle zones

are readily apparent, but the seismic coverage does not extend far
enough north to adequately display sediments of the upper zone.
The seismic reflectors of this oblique-progradational unit are
associated with a distinct basinward bulge in the bathymetric contours
of this northeastern area.

The gradient of the sea floor undergoes

a sharp increase at the 120 meter bathymetric contour, this increased
gradient apparently related to the prograding deltaic sediments.

The

stratigraphic position of this facies and the proximity to the shelfslope break suggest that these foreset beds, which have been referred
to as the ancestral Colorado Delta (Curray, 1960), were deposited during
the last glacial period.
Lehner (1969) has suggested that these Wisconsinan foresets were
responsible for the instigation of the major submarine slide mapped
along the eastern boundary of the study area (Figure 10).

Marked by

a reentrant in the bathymetric contours, this slide probably originated
in response to the instability created as prograding foresets reached
the shelf edge.
With respect to this deltaic unit, the second distinct obliqueprogradational facies is located down section stratigraphically and
is the foreset sequence mapped below reflector C.

While no definite

age date can be assigned to reflector C, correlation between known
paleoclimatic curves and the date provided by the presence of Pseudo-

Figure 25.

High resolution sparker profile (Line 37) showing the
oblique-progradational facies type above reflector A.
Reflectors 6 and C are also marked.
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emillania lacunosa suggest a date of approximately 400,000 years BP for
reflector C.

According to the paleoclimatic scheme developed by Poag

and Valentine (1976), this section of prograding foreset beds would then
be the regressive deposits laid down during the low sea level stand of
early Illinoian time.

Again, the lower and middle zones are evident,

but limited seismic coverage and poor resolution of deep reflectors in
the area of the shelf-slope break prevent acknowledgement of the upper
zone (Figure 26).
Location of the shelf-slope transitions for these two separate
deltaic sequences suggests that sea level lowering during early Illinoian time must have exceeded that of the glacial Wisconsinan period.
An examination of seismic reflection patterns on Line 37 (Figure 25)
shows the paleoshelf break of the early Illinoian glacial lies approximately 1525 meters (5000 feet) seaward of the present shelf-slope break.
Overlying the oblique-progradational facies of early Illinoian age
is a unit similar in character to the sigmoid terrace facies defined by
Sangree et al. (1976).

Often associated with obliquei-progradational

complexes, this facies type is also most commonly found at the continen¬
tal shelf margin.

Three distinct zones are again identified, though in

this facies type, thick deposits are found in upper, middle and lower
zones (Figure 24B).

The thickness of the sediment units within the

sigmoid-terrace seismic facies, along with the high degree of reflector
continuity, suggests either a slowly rising sea level or a subsiding
sediment section.
The unit displaying the characteristics of a sigmoid-terrace seis¬
mic facies is the sediment section bounded by reflectors B and C.

The

level of reflector B corresponds to the onset of the penultimate inter-

Figure 26.

High resolution sparker profile Cline 36) showing the
oblique-progradational seismic facies beneath re>flector C. Reflectors A and B are also marked.
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glacial set at 130,000 years BP.

Consequently, this section represents

deposition over a roughly 270,000 year time span.

This age date corre-

sponds to the middle and late Illinoian, a time of marginally cool
waters continuing as a prelude to the warm waters of the Sangamon inter¬
glacial.

These temperatures, slightly warmer than those during which

the regressive, early Illinoian foreset sequence was deposited, could
suggest a slow sea level rise and subsequent development of a sigmoidterrace facies pattern.
The major submarine slide mentioned earlier in connection with the
Wisconsinan oblique-progradational complex has a reflection pattern
similar to the mounded-chaotic seismic facies defined by Sangree et al.
(1976),

The contorted and highly disturbed sediments characteristic of

this facies suggest massive downslope sediment failure under gravita¬
tional influence (Figure 27).

Shelf-edge material moved downslope long

after emplacement of the diapirs mapped, these intrusions apparently
controlling the western limit of this submarine slide.
Basinward of the shelf-slope break, in the deeper water of the
gulf, all progradational units merge to become parallel-bedded sediment
sequences.

This concordant layering will extend unchanged for miles

unless disrupted by local dispirism or distorted by gravity-induced
sediment movement.

Figure 27.

High resolution sparker profile Chine 24) showing the
western margin of the massive submarine slide. Re¬
flectors A» B and C are delineated.
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Sediment Texture

The lithologic descriptions provided by Shell Oil Company for
cores 67-113 and 67-115A designated clay to be the predominant sediment
type.

Although these observations summarized only gross lithology, in¬

termittent sand stringers and silty laminae were identified, as well as
presence of foraminifera, burrows and color variations.
Detailed textural analyses conducted on these drill cores for this
study revealed a monotonously uniform sediment section of silty clay
(silt/clay ratio greater than 0.1 but less than 1,0).

Only a handful of

subsamples, mostly within core 67-115A, came close enough to being
labeled a pure "clay".

The coarse fraction for both cores was dominated

by biogenic material, predominantly planktonic foraminifera, with varia¬
ble amounts of benthonic foraminifera and shell fragments.

Terrigenous

sand was a minor constituent, its occurrence being very localized within
each core.

Post-depositional chemical changes were responsible for

preserved burrow infillings and replacement of biogenic material.
Vertical variations throughout the cored intervals of the silt/clay
ratio and the mean derived from the method of moments are presented in
Figure 28.

The silt/clay ratio fluctuates mainly between 0,17 and 0.76

over the length of core 67-113 and from 0.12 to 0.78 within core 67115A.

An isolated peak of 1.2 occurs at 215 meters (706 feet) sediment

depth in core 67-113 and corresponds to the only clayey silt sample
observed.
The fluctuations in values of the mean within both cores show minor
differences over a limited range of particle diameter with no apparent
trends.

The numerical values for core 67-113 range from 8.44 to 9.23 0,
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all within the clay-size fraction.

All figures for core 67-115A lie

between 8.11 and 9.31 0, again pointing toward an average grain size
in the clay range.
One interesting observation of the textural results concerns the
presence of terrigenous sand within an isolated interval in both drill
cores.

Quartz sand predominates within core 67-113 in the roughly 9.5

meter (31 foot) interval between 230.5 meters (756 feet) and 240 meters
(787 feet) below mudline.

The basal sediments within this interval,

composed of both biogenic and terrigenous material, appear transitional,
while the upper limit shows no gradational phase resolvable within the
sampling interval.

Replacement of biogenic material is held at a mini¬

mum over most of this cored section, the foraminiferal "hosts" being
very few in number.

Core 67-115A displays another very localized accu¬

mulation of terrigenous sand-sized material.

The quartz sands predomi¬

nate in the 9 meter (29 foot) zone between 280 meters (918 feet) and
289 meters (947 feet) below the sediment surface.

The interval again

displays a gradational base with a more abrupt upward termination.
The similar thicknesses, general form and position within the cores
of these two terrigenous zones imply that they represent the same depo¬
sit ional layer.

This interval in core 67-115A corresponds to a cluster

of strong reflectors on the associated seismic line.

The limits of

seismic resolution for this study, however, do not permit reflection at
this great a depth in the sediment section to be traced laterally with
any degree of confidence.

Thinning of these reflectors along the flank

of the central salt dome does suggest that they were deposited following
initiation of salt movement.

The localized nature of this deposit

C

in

a vertical sense) implies limited time of terrigenous supply, possibly

Figure 28.

Silt/clay ratio and mean derived from the method of
moments with depth in core for drill cores 67-113
and 67-115A.
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associated with a major lowering of sea level,
Post-depositional chemical changes have been responsible for pre¬
servation of numerous burrows within both cores.

The larger burrow

infillings within core 67-115A have been analyzed by Holmes (pers.
comm., 1977).

Geochemical and X-ray diffraction studies have found

these remanents of burrowing organisms to be composed of jarosite
(K2Peg(OH)12(204)4), natrojarosite (Na2fe6(0H)i2(804)4), bassanite
(2CaSO^*H20), anhydrite (CaSO^) and sulfur.

Holmes has suggested that

decaying organic material within these tubes provided a casing of
reduced material.

Percolating brine solutions associated with salt

diapirism oxidized the remaining metals to yield the conglomeration of
minerals mentioned above.
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Paleomagnetic Chronology

Data derived from paleomagnetic analyses of drill core subsamples
yielded very disappointing results.

The original intent behind this

phase of data collection was an attempt to establish a paleomagnetic
record of normal and reversed episodes within the Pleistocene section
for the Shell Oil Company drill cores*

Correlation of this information

with the paleomagnetic time scale developed by Cox (1969) would provide
a series of age dates throughout the Quaternary section.

A complete

interpretation of Pleistocene glacial history in this part of the Gulf
of Mexico would then depend on the association of biostratigraphic and
climatic information collected from cores ôl^llS and 67-115A with these
age dates.
The variation between normal and reversed polarity down each cored
section is presented in Figure 29.

Natural remanent magnetization (NRM)

along with alternating field demagnetization are shown to very with
sediment depth in a very disorderly manner.

Most recorded reversals,

with a few exceptions, are "single point" reversals.

Since these al¬

ternations are not corroborated by a "step^like" move from normal to
reversed polarity, or vice versa, in adjacent subsamples, their validity
is suspect.
Several possible explanations for the widely scattered paleomag¬
netic results come to mind.

The ten-foot sampling interval may have

been too large to pinpoint the four events present in Pleistocene time.
This does not justify, however, the lack of evidence for the major
change in polarity from the older Matuyama reversed epoch to the younger
Brunhes normal epoch.

One or more likely a combination of the following
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Items could explain the dubious results.
1. Sample shrinkage due to dessication could have contributed to
direction scatter (Clark and Kennett, 1973).

2. Examination of the gross lithology for each core hole, as well
as the coarse fraction of each core subsample, revealed the
presence of burrows of variable size and shape.

The handiwork

of burrowing organisms can have a pronounced effect on the
paleomagnetic signature of a given sample, leaving a magnetic
age greater than or equal to the actual sediment age.

In addi¬

tion, one of the end products of post-depositional chemical
change within these burrows is natrojarosite, a sodium iron
sulfate (Holmes, pers. comm., 1977),

Precautions were taken

during the sampling procedure to avoid the larger, visible
burrows, but the probability of obtaining a completely "clean"
sample was relatively low.

3. Iron was also present in most subsamples as a replacement de¬
posit of the biogenic material present.

The amount of replace¬

ment within each subsample did vary, with the coarse fraction
of a few subsamples being composed of over 90% of this iron
compound.

4. The high resolution seismic lines used in this study provided
resolution of sediment units down to 4.5 meters (15 feet) in
thickness.

Since the Shell Oil Company drill cores are located

near a major salt dome and the sediment sections cored are
affected by this intrusion, it is possible that small-scale

Figure 29.

Variation of natural remanent magnetization (NKM) and
alternating field demagnetization at 150 oersteds with
depth in core for drill cores 67~113 and 67-115A.
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sediment movements beyond the resolution of this seismic sys¬
tem have taken place.

This displaced sediment could yield

altered paleomagnetic results.

The limited accessibility of the cryogenic magnetometer for use in
this study did not permit further demagnetization of the core subsamples.
Increased alternating field demagnetization could possibly provide a
clearer picture of paleomagnetic normal and reversed trends within the
cored sediment.
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DISCUSSION

Late Pleistocene History of Shelf-Edge Outbuilding

The oldest dated mappable horizon, traceable over a significant
portion of the study area, is reflector C.

Continuity of this horizon

is lost only over the central salt intrusion and as this reflector con¬
tinues under the continental shelf.

Stratigraphically, this datum marks

the upper boundary of an oblique-progradational seismic facies and has
been dated at 380,000 years BP.

These prograding foreset beds, there¬

fore, represent sedimentation during the regressive stage (zone U) of
the early Illinoian glacial.

The location of the paleoshelf break asso¬

ciated with this sea level lowering, basinward of the present shelfslope break, reflects the coldest seismically-observable interval within
the study area.
This seismic facies type is overlain by a sigmoid-terrace facies
indicative of slowly rising sea level or a subsiding section.

Capped

by reflector B, which has been assigned a date of 130,000 years BP,
this unit represents deposition over a 250,000 year time span.

Seismic

reflector continuity and a thick sediment section overall suggest pro¬
gradation as well as aggradation of the clastic material.

Included

within this unit is a middle Illinoian warm-water interval (zone V)
covering 120,000 years overlain by a marginally-cool to cold period
(zone W), covering 130,000 years.
moderate in temperature range.

Both of these stages were apparently

Seismic facies patterns show no major

inundation of the shelf with a subsequent regression.

The less intense

warm followed by a cold period which lowered sea level a modest amount
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could explain the development of this sigmoid-terrace facies pattern.
While reflector B represents the end of Illinoian, it also signals
onset of the Sangamon interglacial.

Sedimentation above reflector B,

continuing up section stratigraphically to the level of reflector A,
spans a period of 40,000 years.

This upper horizon has been assigned a

date of 90,000 years BP, since it marks the last abundant occurrence of
Globorotalia flexuosa.

Seismic character of this unit shows strong la¬

teral reflector continuity with some upbuilding and outbuilding in re¬
sponse to a slow rise in sea level.

Sedimentation during the "cold

spell" of middle Sangamon time is not seismically-observable and prob¬
ably represents a very short pulse of lowered temperatures.
The sediment section above reflector A designates deposition over
the range of Wisconsinan and Holocene time covering the last 90,000
years.

The oblique-progradational seismic facies directly above hori¬

zon A indicates regressive sedimentation during the Wisconsinan glacial
episode.

Climatic information from core 67-115A supports this phase

of lowered sea level as suggested by the sedimentation pattern.

This

section of prograding foreset beds is capped by a transitional zone
leading into the present warm (interglacial).

The transitional, mar-

ginally-cool sequence covers a time span of 17,000 years, from 13,000
years to 30,000 years BP.

The very small amount of Holocene sedimenta¬

tion spanning the last 13,000 years is not observable within the limits
of seismic resolution, and represents the greatly reduced rate of sedi¬
ment accumulation on the shelf margin during the latest transgression.
The failure of this most recent rise in sea level to develop a sigmoidterrace pattern probably attests to the rapidity of the transgression.
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Structural Activity in Relation to Shelf-Edge Progradation

Deformation of the sediment column associated with diapiric uplifts
is a major type of structural activity observable on the seismic records.
Presumably, emplacement of the intrusive mass and subsequent disruption
of the overlying sediment is the result of nearby sediment loading.

It

is, therefore, possible that rapid sedimentation and subsidence that
occurs in the shelf margin transition zone during episodes of shelfedge progradation could produce diapiric movements beneath the conti¬
nental slope.
Seismic profiles of the uplifts visible within the study area in¬
dicate that upward movement of these masses predates any of the reflec¬
tors observable on these records.

The data used in this study, however,

does not allow the positive identification of a symbiotic relationship
between periods of shelf-edge subsidence and times of diapiric mobility.
Various stages of subsidence could possibly relate to the apparent
pulsating mode of emplacement associated with the central domal uplift
of salt.

Upper Continental Slope Stability in Relation to Shelf-Edge Outbuilding

The chaotic seismic facies present near the surface of the sediment
column along the eastern edge of the study area represents a submarine
slide that originated in the shelf-slope transition zone during the
most recent progradational phase.

This slide originated in an area

where outbuilding of shelf-margin deltaic complexes, deposited during
the last 90,000 years, proceeded beyond the shelf-slope break.

This

rapid deposition of relatively sand-rich deltaic deposits on the upper
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continental slope is responsible for the sediment instability which led
to massive submarine failure (Lehner, 1969).
Any sediment instability associated with the earlier phase of
shelf-edge progradation is not clearly defined on the seismic records.
Seismic penetration does not allow definition of a chaotic facies seaward of the paleoshelf break.
Sediment instability produced by diapiric uplifts could also possibly be related to late Pleistocene progradation of the shelf margin.
The validity of this relationship depends on the degree to which the
subsidence induced by rapid sedimentation affected the underlying salt
or shale mass.

The type of sediment movement associated with diapiric

uplifts within the study area involves slower, creep-like movement of
large volumes of sediment.

Seismic Character of Upper Continental Slope Sediments

Subbottom reflectors defined by high resolution seismic profiling
represent impedance contrasts within the sediment section, the degree of
this impedance change controlling the amplitude of the reflecting horizon.

Efforts to relate variations in impedance to changes in sediment

properties have thus far been largely unsuccessful.

The dilemma is

particularly visible in fine-grained sections where variations in the
physical properties of the sediments are quite subtle, as is the case in
this study.
The majority of late Pleistocene sediments analyzed in this invest
tigation are silty clays with minor amounts of pure clay.
analyses show only minor variations in texture.

Grain size

Despite this monotonous
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tendency, the intervals generally produce prominent reflecting horizons
which display good lateral continuity.

This is especially true basin-

ward of the shelf-slope break where, in areas unaffected by diapirism
or massive sediment movements, individual horizons continue uninterrup¬
ted for miles.

Reflectors A, B and C are continuous over almost the

entire study area, disappearing only over the central salt uplift.
Continuity of these distinct horizons poses the question as to what
is responsible for their lateral monotony.

Sedimentation patterns of

some type must occur on a large enough scale to produce such a wide¬
spread change in sediment physical properties.

A possible solution

might lie in the rate of change of sediment deposition and accumulation
associated with a fluctuation in sea level.

However, more information

on various physical parameters of the associated sediment is necessary
for a definitive statement on this subject.
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CONCLUSIONS

1. Integration of high resolution seismic data from the upper continen¬
tal slope in the northwest Gulf of Mexico with paleoclimatic fluc¬
tuations in two drill cores allow a reconstruction to be made of
late Pleistocene glacial history.

Including the Holocene, this

history consists of four warm episodes with four associated cold
periods.

Two reference levels provide age dates which make possible

a correlation between the paleoclimatic sequence and dated oxygen
isotope curves.

The procedure yields a chronologic framework for

assigning age dates to paleoclimatic, sedimentary and seismic events.

2. Isolation of distinct seismic facies types near the margin of the
continental shelf point toward two major phases of shelf-edge out¬
building within the study area.

The first phase, which began ap¬

proximately 380,000 years BP, is marked by an oblique-progradational
seismic facies, characteristic of prograding shelf-margin deltas,
and an overlying sigmoid-terrace seismic facies indicative of con¬
tinued progradation and aggradation during a slowly rising sea
level.

The second phase of outbuilding began 90,000 years BP and is

associated with another oblique-progradational seismic facies.

Poor

development of a sigmoid-terrace facies pattern above these foreset
beds attests to a rapid rise in sea level coincident with the most
recent transgression.

3. Comparison of paleoclimatic curves and seismic facies patterns
shows that each of the phases of shelf-edge outbuilding are associ-
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ated with cold intervals of the late Pleistocene,

The fact that

only two phases of shelf margin progradation are evident seismically
within the study area suggests that there is not a one-to-one rela¬
tionship between cold climatic episodes and shelf margin prograda¬
tion.

Some periods of climatic cooling might possibly not have

produced a significant enough sea level regression to allow develop¬
ment of regressive sedimentation.

On the other hand, lack of an

adjacent fluvial source could result in the type of sedimentation
associated with some cooler episodes on the continental shelf and
slope.

4. The modern shelf-slope break reflects the basinward extent of sedi¬
ment outbuilding in the northeastern part of the study area, and is
associated with a basinward bulge in the bathymetric contours.
Only in the extreme eastern section of this area did this phase of
progradation extend beyond the paleoshelf break.

The earlier phase

of shelf-edge outbuilding, observable on the seismic profiles, shows
a corresponding break in sea floor gradient which is coincident with
that paleoshelf break.

5. The largest sediment accumulation within the study area is associa¬
ted with this shelf margin deltaic sedimentation.

Although these

sediments are assumed to display a higher percentage of sand than
their downslope equivalents, cores analyzed in this study did not
penetrate this sediment section.

6.

Silty clays and clays deposited during both warm and col
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of the Pleistocene represent the majority of the sediment section
within the area.

Coarse fractions are predominantly planktonic

foraminifera, with some benthonics.

Terrigenous sand, shell frag¬

ments and post-depositional replacement remanents of biogenic ma¬
terial and burrows are present.

7. Diapiric uplifts seaward of the shelf-slope break within the area
appear to have had their initial movement prior to any of the seismically-observable reflectors’ deposition.

This structural activity

could have occurred in response to subsidence of the adjacent shelf
margin.

8. A chaotic seismic facies along the eastern boundary of the study
area is indicative of a massive submarine slide extending off the
shelf break.

This slide is assumed to have originated where out¬

building of the shelf margin by prograding deltaic sequences created
unstable conditions as sediment accumulation extended beyond the
paleoshelf break.

Diapiric activity can also lead to sediment in¬

stability, as evidenced by the creep-like movements associated with
two intrusions within the area.

9. Continuity of reflecting horizons over long distances appears to be
related to the major decreases or increases in sediment accumulation
in response to sea level fluctuations.

