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ABSTRACT

Sedimentological and geophysical data show that the sediments at the base
of the West Florida Escarpment are flat-lying hemipelagic carbonate oozes,
derived primarily from the shelf and upper slope, interbedded with massive
siliciclastic Mississippi Fan sediments. Petrographic and scanning electron
microscope (SEM) examination of the hemipelagic sediments indicate that
bioerosion by Cliona sponges or boring clams, mussels, or barnacles is not
presently a significant process on the West Florida Escarpment upslope from
the core sites. However, the presence of angular limestone fragments and
calcareous, glauconitic clasts within the fine-grained abyssal floor sediments
suggests that an erosional process is active on the consolidated sections of
the adjacent slope. The lithologies of the cores and SEM examination of the
foraminifera show that the dark, grayish-brown silty clay is not the
insoluable residue of the hemipelagic calcarenite after the diagenetic
dissolution and removal of carbonate.

INTRODUCTION

The West Florida Escarpment is the steep lower portion of the slope that
separates the shallow shelf carbonate platform from the deep abyssal plain of
the Eastern Gulf of Mexico. The escarpment, which was formed from sediments
associated with vertical reef growth during Cretaceous to Miocene times
(Antoine and others, 1967; Uchupi and Emery, 1968), has been shaped by
erosional processes that are responsible for its present day appearance
(Freeman-Lynde, 1983). The escarpment extends from the Straits of Florida
north to the DeSoto Canyon and ranges in relief from about 2500 m west of the
Florida Keys to nearly 1000 m near the DeSoto Canyon.

During October and November 1983, aboard the USNS LYNCH, the U.S.
Geological Survey collected nine cores from the base and top of the escarpment
(Figs. 1 and 2). The cores were taken to determine (1) the source of the
sediments deposited at the base of the escarpment and (2) the sedimentological
processes affecting this deposition. This report also includes sections of
high-resolution seismic-reflection profiles that were collected aboard the
USNS LYNCH along three transects made across the southwestern Florida outer
shelf and slope and used for citing and morphologic information.

METHODS

The piston cores were collected with an Alpine Geophysical corer fitted
with a 1364~kg core weight (Table 1). Plastic liners having internal
diameters of 89 mm were used within the core barrels. Core sites were
selected and target feature morphology was confirmed by high-resolution
seismic-reflection profile data obtained using a tuned (3.5-kHz) transducer
and a 30-kJ sparker. Navigation was performed using a Northstar 6000 Loran C
receiver (Digital Marine Equipment Corp., Bedford, MA).

The cores were later described and sampled in the laboratory. A split
from each sample was mounted and x-rayed as a randomly oriented powder. The
clay fraction from each sample, separated by centrifuge, was mounted on a
silver filter as an oriented aggregate. Each oriented clay mount was
subjected to four treatments to determine which clay minerals were present:
air-drying, glycolation with ethylene glycol, heating to 400 °C, and heating
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Figure 1. Map showing the location of the study area along the West Florida

Escarpment.
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Figure 2. Map showing the location of core sites and high-resolution
seismic-reflection profiles within the study area.
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to 550 °C. The samples were x-rayed after each treatment. The data from the
oriented and randomly oriented aggregate mounts were combined and
semiquantitative estimates of the minerals present were made by comparing the
sample diffraction peak intensities with the intensities recorded from a
collection of external standards. Relative percentages of the clay minerals
were estimated by a method described by Biscaye (1965). These
semiquantitative estimates are generally considered to be accurate to within
10 percent of their actual values; however, values of components present only
in smaller amounts (<10%) may have considerably greater error. Values
generated by x-ray diffraction are in relative percent of the crystalline
material. A split was taken from each sample and mounted as a smear slide.
These slides were used to check the semiquantitative diffraction results, to
detect amorphous phases or minerals present in trace amounts, and to examine
the biological debris.

A scanning electron microscope was used to check for foraminifera
dissolution and debris suggestive of bioerosion by Cliona sponges. Specimens
of Globigerinoides ruber, which were handpicked from the sediments just above
and below the lithologic boundary in core 4 (fig. 4), were examined for
evidence of dissolution. This species was chosen because it is the most
common foraminifera in the surficial calcarenite and is also present in the
underlying silty clay. Care was taken to select specimens of roughly equal
size and the same species; both rose colored and white forms were examined. A
quantitative energy dispersive =x-ray spectrographic analysis (EDS) was
performed using the SEM to determine the chemical composition of a fragment of
ferromanganese crust found in core 9.

LITHOLOGY AND MINERALOGY

The 1lithologic descriptions of the cores collected for this study are
shown in Figures 3, 4, 5, and 6. All cores from below the escarpment (cores 1-
6 and core 9) penetrated a soupy light gray to grayish-brown calcareous sand-
silt-clay to sandy-silt surficial layer. This layer, which varies from 4 cm
thick in core 6 to 32 cm thick in core 5, is usually massive but does contain
some silt- and sand-rich lenses and thin, faint layers of the underlying dark,
grayish-brown silty clay. Carbonates, mainly low-magnesium calcite and
aragonite, make up a major portion of the surficial layer. Minor amounts of
high-magnesium calcite and dolomite were also found throughout cores 7 and 8
from above the escarpment and within the surficial calcareocus layer in the
cores taken at the base of the escarpment. The sand-sized fraction of this
surficial sediment is composed mainly of foraminifera tests and coccolith
debris with minor amounts of limestone fragments as well as pteropod,
ostracod, and mollusk shell hash. The fine fraction contains a clay mineral
assemblage of smectite, illite, and kaolinite together with trace amounts of
chlorite and mixed-layer illite-smectite (Table 2) . Quartz and feldspar
occur mainly in the silt fraction. Much of the carbonate in the fine fraction
is composed of coccolith debris. The bulk of this material is very similar to
the sediment encountered throughout the two cores from the upper slope above
the escarpment and to sediments described earlier as the West Florida Mud
Facies (Doyle, 1983). This similarity suggests that the surficial layer is
composed of sediment swept off the edge of the West Florida Platform by slumps
and storm~induced current action. The boundary at the base of this layer is
abrupt and probably represents an erosional unconformity.
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. SAND dark grayish-brown (IOYR 4/2),silty clayey,
foraminifera ooze,some shell fragments.

CLAY dark brown (75YR 4/2), silty, slight
banding, sticky.

Figure

SAND

SILT

CLAY
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CLAY dark brown (7.5YR 4/2),silty, some
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i US , eXpansi ked at 154 ond
173 cm, sticky ,massive.

3. Lithologic sections, core descriptions, and sample locations
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foraminifera ooze, soupy. * sand composed mastly of forominifera,soupy,
SILT olive gray (5YR 4/2),sandy, clayey, 10~ some darker silty clay banding.
* slightly micaceaus,some orange rust spots,
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cores 3 and 4.

4. Lithologic sections, core descriptions, and sample locations in
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<] % ™ - grayish-brown (IOYR 5/2),

~SILT-CLAY brown (IOYR 5/3),
foraminifera ooze and limestone fragments,
soupy, massive.

CLAY dark grayish-brown, silty

§|_L‘1 dark brown (IOYR 3/3),compacted bond,
glauconitlic.

SAND-SILT-CLAY brown (IOYR 5/3),
forominifero ooze and limestone fragments, in
thin layers.

dork gray (5YR 4/1),silty, rusty
2.5YR 4/2), at 53-55¢cm, sticky.

SILT dark groy (5YR 4/1), clayey, sandy,
slightly micaceous,soupy.

SAND grayish-brown (2.5YR 5/2),silty,clayey,
some forominifero, echinoderm spines, ond
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SILT groy, light brown ond rust brown, clasts,
sandy , slightly micaceous.

CLAY dork groy (5YR 4/2), silty contains
some shell frogments,stiffer thon the above
brownish clay. Lighter gray layer (IOYR 5/2),
at 280-282cm.

sand is mainly composed of foraminifera,
soupy.

CLAY dark grayish-brown (IOYR 4/2), silty,
trace of very fine quartz sand, some
scattered black reduced spots, darker layer
(IOYR 4/1) at 135¢m, trace of mica,sticky,
some expansion crocks,massive.
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5. Lithologic sections, core

descriptions, and sample locations
within cores 5 and 6.
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SAND-SILT-CLAY light brownish-gray
(2.5YR 6/2),foraminifera ooze and limestone
fragments, soupy, whole core is bioturbated.

SILT light brownish-gray (2.5YR 6/2),sandy,
clayey, sand composed moinly of foraminifera,
grodes gradually into coarser sediments above
and below.

SAND-SILT -CLAY light groy (25YR 7/2),
foraminifera ooze and limestone fragments,
soupy.

SAND light groy (25YR 7/2),silty, sand
composed mainly of limestone fragments.

Figure

cores 7, 8, and 9.

0

SAND-SILT-CLAY light gray (2.5YR 7/2),
sample composed mainly of foraminifera and
limestone frogments, whole core is bioturbated.

SILT light gray (25YR 7/2), sondy, sand
composed mainly of foraminifera.

CORE 9©
w
W
og*“r)n LiTHoLoov | & DESCRIPTION
<t
w

*

SAND-SILT- CLAY grayish-brown
{IOYR 5/2), sand is composed mainly of
foraminifera and limestone fragments,
ferromanganese crust fragments at 5cm.

CLAY dark grayish-brown (I0YR 4/2),
silty, scattered black reduced spots, sticky,
massive.

6. Lithologic sections, core descriptions, and sample locations in
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The sticky, plastic, dark, grayish-brown silty clay that underlies the
foraminiferal ooze 1is very cohesive, which probably prevented deeper
penetration by the coring device. This sediment contains a clay mineral
assemblage dominated by smectite, illite/mica, kaolinite, and chlorite with
minor amounts of mixed-layer illite-smectite. These data correlate well with
the clay mineralogy for Mississippi Fan sediments reported by Huang and
Goodell (1970), and indicate a Mississippi River source for these sediments.
All of the cores taken at the base of the escarpment are within previously
reported estimates of the outer boundary of Mississippi Fan deposits (Worzel
and Bryant, 1973). Slightly higher concentrations of chlorite are reported in
these samples because silt-sized chlorite flakes, which were observed in the
smear slides, are included in the diffraction data. The silty clays contain
much less calcite and aragonite but more dolomite than the overlying
foraminifera-rich sediments. Minor amounts of pyrite and dark-stained
concentrations of hydrotriolite were detected in the dark grayish brown silty
clay. Traces of quartz, feldspar, and heavy minerals were observed in
virtually all of the smear slides as coarse silt and very-fine, sand-sized
detrital grains.

Although several thin (<2 cm) sandy or silty layers were encountered in
the dark grayish-brown silty clay, only one thick turbidite was penetrated by
the cores. This turbidite, which was found between 72 and 109 cm of core 5,
graded upward from silty sand to clayey silt but contained no internal bed
forms. The sediment that composes this turbidite is similar in appearance and
composition to, but more compacted than, the surficial foraminifera ooze. At
the base of the turbidite, core 5 penetrated a dark, yellowish-brown,
compacted, clayey silt clast (105-109 cm). The clast is friable, about 2 to 3
cm thick, and composed largely of partially oxidized glauconite, it probably
came from the face of the escarpment and represents deposition during the
higher flow regimes of the turbidity current. Other clasts of semiconsolidated
silt occur in core 5 (34-37 and 195-214 cm) but are not associated with the
deposition of sandy, unconsolidated calcareous sediments. Any finer sediments
involved in the events that emplaced the clasts found between 34 to 37 cm and
195 to 214 cm may have been differentially winnowed away and deposited
elsewhere by currents in the water column during transit to the bottom. The
large size of the clasts and their semiconsolidated nature eliminate the
possibility of long-distance transport and indicate that these clasts also
came from the face of the escarpment.

FORAMINIFERA DISSOLUTION

The specimens of Globigerinoides ruber collected from near the
calcarenite/silty clay boundary showed no evidence of solution effects (Fig.
7). The quality of preservation was good and many individual specimens from
both above and below the boundary still possess spines. However, the quality
of preservation decreases slowly with depth in the core starting at about 10
cm below the calcarenite/silty clay boundary, where SEM micrographs reveal
moderate dissolution by exfoliation and pitting of the external test surfaces
on some of the specimens (Fig. 8).

GEOCHEMISTRY

The quantitative EDS microprobe analysis of a ferromanganese crust is
presented in Table 3. This crust, which partially coated a fragment of

12

































