
ABSTRACT

High-resolution, multichannel seismic data
collected across the Great Bahama Bank mar-
gin and the adjacent Straits of Florida indi-
cate that the deposition of Neogene–Quater-
nary strata in this transect are controlled by
two sedimentation mechanisms: (1) west-dip-
ping layers of the platform margin, which are
a product of sea-level–controlled, platform-
derived downslope sedimentation; and
(2) east- or north-dipping drift deposits in the
basinal areas, which are deposited by ocean
currents. These two sediment systems are ac-
tive simultaneously and interfinger at the toe-
of-slope. The prograding system consists of
sigmoidal clinoforms that advanced the mar-
gin some 25 km into the Straits of Florida. The
foresets of the clinoforms are approximately
600 m high with variable slope angles that
steepen significantly in the Pleistocene section.
The seismic facies of the prograding clino-
forms on the slope is characterized by domi-
nant, partly chaotic, cut-and-fill geometries
caused by submarine canyons that are ori-
ented downslope. In the basin axis, seismic
geometries and facies document deposition
from and by currents. Most impressive is an
800-m-thick drift deposit at the confluence of
the Santaren Channel and the Straits of
Florida. This “Santaren Drift” is slightly
asymmetric, thinning to the north. The drift
displays a highly coherent seismic facies char-
acterized by a continuous succession of reflec-
tions, indicating very regular sedimentation.

Leg 166 of the Ocean Drilling Program
(ODP) drilled a transect of five deep holes be-
tween 2 and 30 km from the modern platform
margin and retrieved the sediments from both

the slope and basin systems. The Neogene
slope sediments consist of peri-platform oozes
intercalated with turbidites, whereas the basi-
nal drift deposits consist of more homoge-
neous, fine-grained carbonates that were de-
posited without major hiatuses by the Florida
Current starting at approximately 12.4 Ma.
Sea-level fluctuations, which controlled the
carbonate production on Great Bahama Bank
by repeated exposure of the platform top, con-
trolled lithologic alternations and hiatuses in
sedimentation across the transect. Both sedi-
mentary systems are contained in 17 seismic
sequences that were identified in the Neo-
gene–Quaternary section. Seismic sequence
boundaries were identified based on geomet-
ric unconformities beneath the Great Bahama
Bank. All the sequence boundaries could be
traced across the entire transect into the
Straits of Florida. Biostratigraphic age deter-
minations of seismic reflections indicate that
the seismic reflections of sequence boundaries
have chronostratigraphic significance across
both depositional environments.

Keywords: Bahamas, carbonates, currents,
drift deposits, Ocean Drilling Program, seis-
mic stratigraphy.

INTRODUCTION

The Bahamian archipelago is a large carbonate
province that is situated off the southeastern tip of
the North American continent. Geologically, it is
best known as a modern example of isolated car-
bonate platforms and deposition of shallow-wa-
ter carbonates. The archipelago, however, also
separates the Atlantic Ocean from the Gulf of
Mexico. The Florida Current, which is a major
contributor to the Gulf Stream, flows through the
seaways between Florida and the Bahamas
(Fig. 1). In this paper, we illustrate the platform
margin-to-basin architecture of this unique depo-
sitional system, which involves both sea-level

controlled shallow-water production and current-
controlled redeposition in the adjacent seaway.

Carbonate production on the platforms is con-
trolled largely by sea-level conditions. Sediment
production and off-bank transport is highest dur-
ing sea-level highstands when the platform is
flooded (Hine et al., 1981; Schlager, 1981;
Mullins, 1983). During these times, more sedi-
ment is produced than can be accumulated on
the platform top, and a large amount of sediment
is transported off-bank onto the slopes (Hine
et al., 1981; Glaser and Droxler, 1991; Wilber
et al., 1990). Light dependency forces the car-
bonate-secreting organisms to maintain the dep-
ositional systems close to sea level, resulting in a
nearly flat sediment surface across the entire
platform. As a result, falling sea level exposes
the platform and restricts sediment production to
the fringes of the platform. With renewed flood-
ing of the platform, sediment production and off-
bank transport resumes, depositing a “high-
stand” wedge on the leeward slope of the
western Great Bahama Bank (Wilber et al.,
1990). During most of the Neogene, the Great
Bahama Bank was a ramp-like platform that
only evolved into the steep-sided modern plat-
form during the late Pliocene (Eberli and Gins-
burg, 1987, 1989; Eberli et al., 1997b). In a
ramp-like system, a sea-level lowering results in
a basinward shift in facies distribution rather
than in a dramatic halt of carbonate sedimenta-
tion. For example, lower Pliocene sediments of
borehole Clino (Bahamas Drilling Project;
Fig. 1), which were deposited on a distally steep-
ened ramp, have a rather uniform composition,
and differentiation of highstand and lowstand
packages is more difficult (Westphal, 1998).
However, in both cases, the sea-level controlled
sedimentation produced pulses of progradation
in the adjacent seaways (Eberli and Ginsburg,
1989; Wilber et al., 1990). A grid of industry
seismic data collected over the northwestern cor-
ner of Great Bahama Bank revealed for the first
time a complicated, internal architecture of the
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bank, which once consisted of three smaller plat-
forms that became welded together by basinal
infilling and progradational processes (Eberli
and Ginsburg, 1987).

The Bahamian archipelago, together with
Florida and the Greater Antilles, separates the At-
lantic Ocean from the Gulf of Mexico and the
Caribbean. The connection between these oceans
is limited to the seaways between these three
landmasses. As such, the seaways act as a “valve”
for the Florida Current that flows between
Florida and the Bahamas into the North Atlantic,
where it converges with the smaller Antilles Cur-
rent to form the Gulf Stream. The Florida Current

is a strong surface current, producing erosion and
hiatuses on the Miami Terrace and deposition of
thick drift deposits in the deeper portions and in
the lee of the current (Mullins and Neumann,
1979; Mullins et al., 1980; Brunner, 1984a,
1984b). The long-term current strength is primar-
ily controlled by paleotectonic and climatic fac-
tors (Kaneps, 1979; Mullins and Neumann,
1979; Pinet and Popenoe, 1985). Short-term sea-
level falls intensify the currents in the seaways
because of restriction of the channel area
(Richardson et al., 1969).

A large number of seismic data sets and cor-
ing expeditions in the seaways has revealed the

general anatomy of the slopes and basins
(Schlager et al., 1976; Mullins and Neumann,
1979; Schlager and Chermak, 1979; Crevello and
Schlager, 1980; Sheridan et al., 1981; Mullins
et al., 1984, 1987; Ladd and Sheridan, 1987).
Ocean Drilling Program (ODP) Leg 101 drilled
these slopes and documented their platform
progradation, facies, and sedimentation processes
(Austin et al., 1988; Harwood and Towers, 1988;
Schlager et al., 1988).

The purpose of this paper is to document
through high-resolution seismic data how the
sea-level–controlled, prograding-slope carbon-
ates interfinger with current deposits in the more
distal portions of the Straits of Florida to con-
struct the margin and basin architecture. Further-
more, we document that the depositional surfaces
are imaged as seismic reflections and that the
seismic-reflection data provide an accurate pic-
ture of the platform and basin geometries. The in-
fluence of sea level is most pronounced in the
prograding portion of Great Bahama Bank,
where laterally stacked sequences provide a high-
resolution record of Neogene and Quaternary
sea-level fluctuations (Eberli and Ginsburg,
1987, 1989; Eberli et al., 1997a). Current control
is dominant in the basinal portion of a transect,
where a thick sediment drift accumulates. On the
lower slope, drift deposits interfinger with the
prograding slope deposits within the same depo-
sitional sequence. A high-resolution, multichan-
nel seismic-data set acquired in the spring of
1994 reveals the anatomy of this dual system in
great detail. Cores from five drill sites of ODP
Leg 166 within the study area provide the sedi-
mentologic calibration of the seismic data.

METHODS

To image the anatomy of the western margin
of Great Bahama Bank, approximately 1000 km
of multichannel seismic lines were acquired in
June 1994 onboard the R/V Lone Star, operated
by Rice University, Houston, Texas (Figs. 1
and 2). The sections were shot using a 45/105 in3

GI airgun (710 and 1530 cm3) operated at
2200 psi (1.5 MPa) and 2 m water depth. A
600-m-long, 24-channel streamer received the
signals in a water depth of 3–4 m. Navigation of
seismic tracks was obtained through a global po-
sitioning system (GPS). Seismic data were
recorded and stored with the ELICS system and
processed at the seismic laboratory of the Uni-
versity of Miami with the ITA processing pack-
age. The acoustic signal of the GI airgun is char-
acterized by a frequency spectra between 20 and
500 Hz, with a central frequency of approxi-
mately 100–200 Hz. For data processing, a time-
variable highpass filter was applied, ranging from
40–50 Hz in the shallow parts to 20–30 Hz in the
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deeper zones, whereas the lowpass filter was set
throughout to 450–500 Hz. Due to the sharp am-
plitude peak of the GI airgun, which is hardly dis-
turbed by a bubble pulse, the seismic resolution
can reach 5 m, particularly in the low-velocity
drift deposits that show a highly coherent seismic
facies. After common depth point (CDP) stack-
ing (12-fold), migrating, and filtering, an auto-
matic gain control (AGC) was applied for the dis-
play of all sections with a window length of
100 ms. Finally, a Landmark 2D program was
used for interpretation of the processed seismic
sections. Seismic horizons could be traced
throughout the grid to construct isopach maps of
various units.

The displayed seismic lines are all plotted in
an amplitude-coded fashion, so that black repre-
sents the positive and gray the negative polarity
signals. For gray-scale figures, the blue color
tone appears black, and the red appears gray. Be-
cause the first pulse of the airgun signal is a neg-

ative excursion, the sea floor and all layers with a
downward increasing acoustic impedance are
characterized by a red (gray) first reflection. The
reference position of the sea floor and all seismic
horizons is thus defined and picked in the center
of the first negative peak. The burial depth in two-
way time is the measured peak-to-peak distance
between the negative wiggles of sea floor and the
center of the picked subsurface reflection.

The seismic data served as a site survey for
the “Bahamas transect,” ODP Leg 166. In
spring 1996, ODP Leg 166 drilled at five sites
(Sites 1003–1007) along the transect seismic
line 106 at the cross sections of intersecting lines
(Eberli et al., 1997a). Average core recovery was
about 55%. All sites were logged with a full suite
of wireline tools. A checkshot survey using a
120 in3 (1966 cm3) airgun was performed at the
four deepest sites, which proved to be extremely
valuable, because neither the integrated sonic log
nor the shipboard velocity measurements pro-

vided an accurate velocity profile (Eberli et al.,
1997a). The first arrivals of the checkshots sig-
nals allow for a precise two-way traveltime-to-
depth conversion, so that the drilled lithologies
can be correlated with high accuracy to the high-
resolution seismic sections. Figure 3 displays the
subbottom two-way traveltime vs. depth curve
for all investigated sites. Because the seismic sec-
tions were not depth migrated, these curves can
be used to calculate the depth-of-reflection events
seen on the displayed sections.

Standard ODP operations on shipboard core
included sedimentologic, biostratigraphic, paleo-
magnetic, and geochemical analyses (Eberli
et al., 1997a). Ages for nannofossil and plank-
tonic foraminiferal events used during ODP
Leg 166 were based mainly on the geomagnetic
polarity time scale (GPTS) of Berggren et al.
(1995). The ages of epoch boundaries were taken
from the above-mentioned timescale, except for
the Miocene-Pliocene boundary, for which we
used 5.6 Ma. In the core, the Miocene-Pliocene
boundary was recognized as the top of the range
of the calcareous nannofossil Discoaster quin-
queramus(Eberli et al., 1997a).

SEISMIC DATA DESCRIPTION: SEISMIC
FACIES AND GEOMETRIES

The geometry of the seismic reflections indi-
cates two major depositional systems that to-
gether form the slope-to-basin transition west of
the modern platform margin of Great Bahama
Bank (Fig. 4). The first system consists of west-
dipping layers in the platform-proximal areas and
documents downslope deposition on the bank
slope. These sediments interfinger at the toe-of-
slope with the second major system, which con-
sists of horizontal or east-to-northeast–dipping
current deposits that wedge out towards the plat-
form. These two types of deposits, indicating two
sediment transport directions, compose the archi-
tecture of the slope-to-basin transition.

Slope Facies (West-Dipping Layers)

The prograding system on the western slope of
Great Bahama Bank consists of sigmoidal clino-
forms that have advanced the margin some 25 km
into the Straits of Florida (Eberli and Ginsburg,
1987,1989). The west-dipping slope deposits are
characterized by foresets of clinoforms that are
approximately 600 m in height and that steepen
significantly in the Pleistocene section (slope an-
gles up to 9°). The clinoform packages thin bas-
inward and display a variety of seismic facies. On
dip lines, the inclined reflections are variable in
amplitude and continuity. In the middle- and
lower-slope sections, continuity of seismic re-
flections is short, resulting in a nearly chaotic
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seismic facies. At the toe-of-slope and farther
basinward, continuity of the reflections increases
(Fig. 4). The reflection amplitude of the slope
sections also varies. Discontinuous high-ampli-
tude packages are interrupted by a low-ampli-
tude, nearly transparent unit of about 100 ms
equivalent thickness that forms the early Pliocene
slope (Figs. 4 and 5, A and C).

On strike sections, the entire upper and middle
portions of the slope are dissected by channels of
variable size (Fig. 5), which occur at different
stratigraphic levels. Many of the channelized sec-
tions display a persistent cut-and-fill geometry
(Fig. 5) that can be recognized throughout the en-
tire Neogene depositional succession. These nu-
merous canyon-like erosional features result in
truncated and noncoherent seismic reflections.
Several horizons and units exhibit a greater num-
ber of these canyons. In particular, the lower
Pliocene section, which appears seismically al-
most transparent, shows the most spectacular in-
cisions with relief in excess of 100 m (Fig. 5A).
A three-dimensional–perspective plot in two-
way traveltime of the seismic horizon forming
these late Pliocene canyons clearly shows nu-
merous canyons that originate upslope close to
the platform edge (Fig. 6). They are oriented to-
wards the west, suggesting that the erosive cur-
rent forming these canyons was oriented downs-
lope. At the base of slope, however, all of these
canyons feed a slope-parallel depression that was
filled with drift sediments during the late
Pliocene.

Although the early-late Pliocene boundary
marks the most prominent period of channeling,
many other Neogene horizons are also charac-
terized by canyon-like incisions. These canyons
are occasionally arranged in a complicated
stacking pattern, resulting from lateral migration
through time (Fig. 5B). Other examples (Fig. 5C)
show that these canyons can also remain stable
at one slope position and thus simply stack verti-
cally. Even in sections in which major canyons
are absent, the seismic facies of the slope depos-
its is characterized by frequent smaller-scale in-
cisions, yielding incoherent and irregular seis-
mic-reflection patterns (Fig. 7, A and B). All
these observations document the combined ef-
fect of erosional and depositional processes that
influenced the geometry and facies of these
slope sediments.

Basinal Facies (Horizontal to East-North-
east–Dipping Layers)

Very continuous seismic reflections, dipping
towards the northeast (thus towards the platform
margin), indicate sediments that accumulated in
the basin axis rather than on the slope. In contrast
to the westward-directed downslope transport

that moves sediment from the platform top into
the Straits of Florida–Santaren Channel, the high
lateral consistency, north-northeast–oriented
downlap surfaces, and sand-wave geometries in-
dicate that accumulation of these basinal depos-
its was controlled by currents.

On our seismic data, three types of seismic fa-
cies indicate current deposition and erosion.
(1) Large-scale sediment drifts are characterized
by highly continuous, low-amplitude seismic re-
flections forming an elongated sediment pack-
age in the channel axis up to 1000 m thick. Fig-
ure 4A shows how the drift package wedges out
towards the platform along the central seismic
line 106. Farther south, along lines 104 and 118
(Fig. 4B), the drift deposit becomes even thicker
because, between the two displayed sections
(Fig. 4, A and B), some reflections within the

drift package downlap and terminate towards the
north, indicating a current pattern that flowed
generally northward. (2) In some sections, regu-
larly spaced, north-northeast–prograding, wavy
low-amplitude reflections occur within thin
stratigraphic horizons (Fig. 7C). (3) In a few
cases, the current activity is manifest as ero-
sional features, which are best recognized on the
flanks of the drift mounds, where the continuous
mound reflections are truncated by wide and
shallow depressions that subsequently were
filled with sediment that forms similar continu-
ous reflections.

The transition between slope and drift deposits
can be gradual, as seen in the Miocene sections,
where the slope angle decreases slowly towards
the Straits of Florida and where the slope pack-
age changes into horizontally layered drift

ANSELMETTI ET AL.

832 Geological Society of America Bulletin, June 2000

0

200

400

1000

1200

1400
0 200 400 600 800 1000

D
ep

th
(m

 b
el

ow
 s

ea
flo

or
)

Two-way travel time (ms below seafloor)

1005

1003

1006

1007

Figure 3. Two-way traveltime (TWTT) to depth conversion based on checkshot experiments
conducted at drillsites of Ocean Drilling Program Leg 166, reflecting the distribution of acoustic
velocity along the transect. Checkshot surveys were performed with a 120 in3 airgun (1966 cm3)
at four sites, resulting in a time-depth curve for each site (Eberli et al., 1997a). Note the lateral
variability in downhole velocity distribution.



geometries (Fig. 4). The Pliocene sections, in
contrast, are characterized by more pronounced
interfingering of the two depositional systems.
Packages of lobe-shaped drift deposits partly
downlap and onlap onto lower-slope sediments
along distinct surfaces.

Deep-Water Mounds

The smooth reflection of the sediment-water
interface is interrupted by isolated mounds in the
lower portion of the slope and the basinal depos-
its below water depths of approximately 450 m

(Figs. 4B and 7D). The heights of these mounds
vary and range from values that are barely visible
on the seismic sections—i.e., <5–10 m—to
heights of nearly 50 meters. The widths of the
mounds are also variable and reach a maximum
of a few hundred meters (Fig. 7D has a vertical
exaggeration of 15×). Their internal character is
mostly chaotic to discontinuous. A velocity pull-
up below each of these mounds indicates a rela-
tively high internal velocity.

INTERPRETATION AND CORRELATION
WITH PHYSICAL PROPERTIES

The cores from ODP Sites 1003–1007 pro-
vided the ground truth measurements for the seis-
mic facies and the geometries of the platform-
basin transect along the western Great Bahama
Bank (Fig. 1 and Table 1; Eberli et al., 1997a).
The slope deposits drilled and recovered at these
sites consist of alternations of partly unconsoli-
dated peri-platform oozes with interbedded cal-
careous turbidites. Sedimentation rates on the
slope are highly variable; several hardgrounds
document periods of nondeposition (Eberli et al.,
1997a). This pattern reflects the cyclic sedimen-
tation input as a result of repeated flooding and
exposure of the platform top. The turbidites are
most abundant at Site 1007, where the deposi-
tional environment is closer to the toe-of-slope,
indicating a turbidite bypass at Sites 1003–1005
higher up on the slope. This sedimentation pat-
tern is recorded in the seismic facies and the
geometries of the reflections. Because differen-
tial diagenesis results in strong impedance con-
trast between turbidites and peri-platform oozes
(Eberli, 1988), seismic reflectivity of the slope
deposits is high, resulting in a high-amplitude,
but low-coherent, seismic facies. Figure 8 dis-
plays the sonic log of Site 1003 on the slope. This
log clearly documents the small-scale, thin-bed-
ded alternations of layers with higher and lower
sonic velocities. Only the section between 160
and 230 m below sea floor (mbsf) appears very
homogeneous on the logs (Fig. 8) and shows very
low acoustic properties over the entire interval.
These lower Pliocene carbonates are only semi-
indurated and have an almost transparent seismic
facies (Fig. 5A), which can be recognized in the
entire investigated slope section (see slope sedi-
ments above the Miocene-Pliocene boundary on
Fig. 4). This seismically transparent and largely
unconsolidated interval of the lower Pliocene
slope deposits is obviously prone to incisions by
downslope currents that commonly nucleate sub-
marine canyons (Figs. 5 and 6). The positions of
these canyons on the lower and upper slope, lying
up to several hundred meters below the paleo-
platform margin, clearly indicate that these ero-
sional features are of submarine origin. Although
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channeling is a common phenomenon on the
slope, concentrated deep incisions along several
stratigraphic horizons indicate that some events
were more strongly erosional than others. For ex-
ample, major incisions around the early-late
Pliocene boundary document that this time must
have been one of major downslope erosion
(Figs. 5 and 6). This slope erosion follows an
early Pliocene pulse of very homogenous peri-
platform deposition (Eberli et al., 1997a). Inci-
sion started at approximately 3.6 Ma and contin-
ued up to about 3.1 Ma, and, therefore, slightly
predates the onset of Northern Hemisphere
glaciation (Raymo et al., 1992).

The large mound in the basinal section is inter-
preted as a large drift deposit because the seismic
character and the geometries of this deposit dis-
play all the classic seismic features of drifts (Mc-
Cave and Tucholke, 1986). These features in-
clude the following: (1) sediment thickness
exceeds that of the adjacent sediment cover,
(2) the internal reflections are weak but laterally
very continuous, (3) this sediment package is un-
derlain by undulating reflections that indicate
earlier development of sediment waves, and
(4) the deposit thickens axially and thins laterally.
With its internal, continuous, low-amplitude re-
flections, this mound is similar to hemiconical
bodies at the corners of both Little and Great Ba-
hama Banks that were interpreted as drift depos-
its by Mullins et al. (1980). Because of its posi-
tion at the confluence of the Santaren Channel
and the Straits of Florida, we call this unit the
“Santaren Drift.”

The thin, discontinuous wavy seismic facies
within the drift (Fig. 7C) is interpreted as migrat-
ing sediment waves produced by currents that
were strong enough to cause bedload traction
(Jordan et al., 1964; Mountain and Tucholke,
1989). A variation of this type of deposit was re-
ported by Denny et al. (1994) in the western
Straits of Florida, where small mounds are either
related to variable erosion of surrounding strata
by bottom currents or to levee deposits of ero-
sional channels. Erosion in the axis of the sea-
ways might be caused by eddies and/or by the
Florida Current touching the bottom of the Straits
of Florida during relative sea-level lowstands
(Richardson et al., 1969).

At Site 1006, 717.3 m of the Santaren Drift
were recovered; drilling penetrated through the
upper Miocene–Holocene package of drift de-
posits in the most distal position of the seismic
line 106. The cores consist of alternations of nan-
nofossil oozes and hemipelagic carbonates with a
variable amount of clay minerals. Biostrati-
graphic dating shows that deposition was almost
continuous and, unlike that on the slope, recorded
the paleoenvironmental evolution without major
hiatus. Because drift deposition is mainly an in-

stantaneous redeposition of sediments rather than
a reworking of former strata, the stratigraphic or-
der in the drift sediments is maintained (Eberli
et al., 1997a). Thickening of the packages be-
tween the basinal reflections, which is interpreted
as the onset of the drift deposit, started at approx-
imately 12.4 Ma. This age coincides with the in-
tensification of the loop current in the Gulf of
Mexico and also with the onset of the North At-

lantic deep water (NADW) circulation (Mullins
et al., 1987; Wright and Miller, 1993). This tim-
ing suggests that the Florida Current acted as the
shallow limb of the Atlantic conveyor from that
time to the present.

The prominent, mounded, bathymetric features
on the sediment drifts and atop the lower slope
(Fig. 7D) are interpreted as deep-water coral
reefs. Mullins and Neumann (1979) encountered
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similar features on the hemiconical drift deposit at
the northwest corner of Great Bahama Bank and
called them lithoherms. Submersible diving and
sampling revealed that these mounds are aherma-
typic coral edifices (Mullins and Neumann,
1979). In Site 1007 cores, several fragments of
ahermatypic corals are imbedded in the drift de-
posits (Eberli et al., 1997a). Therefore, we infer
that the mounds imaged in this study area have a
similar composition as those farther north.

The variation in seismic facies described
above is clearly related to the distribution of
physical properties within the various types of
sediments and to their different stages of diagen-

esis (Eberli et al., 1997a); this is also reflected in
the checkshot data from four sites along the tran-
sect (Fig. 3). Overall acoustic velocity is lowest at
Site 1006, which is farthest away from the plat-
form margin. There, a relatively low degree of di-
agenesis has preserved the original low velocity
(Fig. 8). Sites 1003 and 1007 have very similar
velocity distributions, so that the overall interval
velocity is almost identical (Eberli et al., 1997a).
Increased diagenesis in highly indurated layers
such as turbidites results in higher velocities at
these slope sites than in the drift deposits. Inter-
estingly, the most proximal Site 1005 has higher
traveltimes at equal depths and thus lower inter-

val velocities than Sites 1003 and 1007 (Fig. 3).
This lower interval velocity is caused by a much
thicker and unindurated Pleistocene section at
this site (200 m vs. 100 m and 40 m, respec-
tively), which forms an eastward thickening low-
velocity wedge (Fig. 4A).

The more distal drift deposits are characterized
by a seismic facies with a much higher lateral co-
herency in contrast to the low seismic coherence
in the slope environment. Because of more con-
tinuous deposition, reflections in the distal depos-
its can be easily traced through the entire data set.
Contrasted to the sonic log of Site 1003, the log of
Site 1006 shows that the variations in sonic veloc-
ity—and thus acoustic impedance—are much
smaller in the basin than on the slope (Fig. 8). This
low and uniform range of acoustic properties is
caused mainly by the lack of major diagenetic al-
terations in the distal areas. Despite the lack of
high impedance contrasts, the observed seismic
reflectivity is high and regular (Fig. 7C). High lat-
eral continuity compensates for lack of imped-
ance contrast, in particular when an AGC is ap-
plied (Anselmetti et al., 1997).

SEISMIC SEQUENCE STRATIGRAPHY

The acquired seismic sections image the car-
bonate slope and its adjacent basin west of the
Neogene platform margin. In distal locations, not
all depositional sequences are separated by geo-
metric unconformities, but by their respective con-
formities. The partly conformable character of se-
quence boundaries would result in an incomplete
number of seismic sequences in this portion of the
transect. Therefore, geometric information is
needed from farther up the slope, at and beyond
the modern platform margin, where the record of
geometric unconformities caused presumably by
sea-level variations is much more distinct and
complete (Sarg, 1988). The cross-bank seismic
line (Western Geophysical line) contains this in-
formation (Fig. 9) and was used to perform a se-
quence stratigraphic analysis of the subsurface of
Great Bahama Bank by mapping erosional trunca-
tions and onlap geometries (Eberli and Ginsburg,
1987, 1989). In addition, the two sites of the Ba-
hamas Drilling Project (Unda and Clino) were
both positioned on the Western line, allowing for a
calibration of the seismic sequences with litho-
logic and biostratigraphic data (Eberli et al.,
1997b). Seismic line 106, on which ODP Sites
1003–1007 are positioned, retraced the basinal
portion of the Western line and extended the line
farther basinward (Fig. 1). The recognized seismic
sequences could be traced from the Western line to
line 106 and partition the partly conformable sedi-
mentary succession imaged beneath the Straits of
Florida into seismic sequences (Figs. 9 and 10).
The seismic correlation between the platform se-
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Santaren Channel–Straits of Florida is a result of a thick wedge of drift deposits that were trans-
ported and redeposited by ocean currents.



quences and the slope sequences had to pass un-
derneath the topographically sharp modern plat-
form margin, where numerous diffractions and
multiple reflections partly obscure the seismic im-
age. In addition, the Western line was recorded
with a lower frequency signal that was used in the
high-resolution ODP site survey. Most difficulties
occurred for tracing the uppermost Miocene to
lowermost Pliocene reflections, where the steep
first multiple of the uppermost slope prevented the
tracing of the seismic sequence boundaries G, F,
and E underneath the modern platform margin.
The estimated continuations of these reflections
were double checked with the age information
from the most proximal drill site 1005 on the up-
per slope. Despite these difficulties, the sequence

boundaries can be correlated across the entire tran-
sect. In fact, the sequence boundaries on the West-
ern line fit well with distinct seismic horizons seen
on line 106, so that, together, these two seismic
sections provide a complete seismic stratigraphic
record of the platform-to-basin transition of Great
Bahama Bank from the base of the Neogene to the
present.

Seventeen such Neogene seismic sequences
are defined across the entire transect (Figs. 9 and
10, and Table 1). They are labeled with italicized,
lower-case letters a to q, and the equivalent basal
seismic sequence boundaries are named with non-
italicized, capital lettersA to Q (for example, M is
the seismic sequence boundary at the base of seis-
mic sequence m). Seismic sequence r is a pre-

Neogene sequence above prominent reflection R.
Comparison of the seismic sequence bound-

aries with the signature in cores and logs indicates
that most sequence boundaries coincide, within
seismic resolution of about 10 m, with a facies
change indicative of a sea-level change (Eberli
et al., 1997a). Figure 11 compares line 106 with
the interpreted seismic sequence boundaries and
the sonic log at the deepest Site 1007. Log data
has the advantage that it is more complete than re-
covered core data at a higher resolution than the
seismic data. In particular, the sonic log is a pow-
erful tool to see the presumed effects of relative
sea-level variations because the acoustic proper-
ties record very sensitively the changes in deposi-
tional lithology and diagenetic alterations, both of
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which are strongly influenced by sea-level
changes (Anselmetti and Eberli, 1993). Like at
the other sites, most of the seismic sequence
boundaries at Site 1007 have a distinct signature
in the logs, which can be either a sharp peak or a
change in log character. Most of the Miocene se-
quences are characterized by an upward-increas-
ing velocity towards the seismic sequence bound-

ary and a sharp decrease above the boundary
(Fig. 11). The Pliocene seismic sequence bound-
aries, in contrast, show low and uniform velocity
values in the upper part of the sequence and a
rapid increase of velocity values above the bound-
ary. Despite the fact that few seismic sequence
boundaries do not coincide with major petrophys-
ical changes that would indicate lithologic and/or

diagenetic changes (marked on Fig. 11), the good
match between seismic sequences and facies
changes justifies the use of the seismic sequences
as a means to partition the sedimentary record into
sea-level–controlled sequences. The 17 seismic
sequences detected in the Neogene–Quaternary
succession have an average duration of 1–1.5 m.y.
(Eberli et al., 1997a). These durations suggest that
the seismic sequences along the Bahamas transect
record third-order sea-level changes for the Neo-
gene (Vail et al., 1977a).

The following sections describe the seismic
signatures of the individual sequences along
line 106 together with the seismic characteristics
of their unconformities.

Pre-Neogene Sequences

The boundary between Oligocene and Mio-
cene deposits was drilled at ODP Site 1007 at a
depth of 1210 mbsf (Eberli et al., 1997a), identi-
fied as seismic horizon Q. Most of the pre-Neo-
gene section appears on the seismic profiles be-
low the first sea-floor multiple reflection, so that
the primary signal is partly obscured. Several pri-
mary high-amplitude, low-frequency reflections,
however, can be clearly distinguished within the
pre-Neogene strata. These reflections can be seen
most prominently on east-west–oriented dip sec-
tions, on which they have a different angle than
the multiple reflections. On north-south–oriented
strike sections, they are parallel to the multiple
and thus difficult to discern. Seismic horizon R is
the strongest reflection within the pre-Neogene
strata and can be traced across the entire seismic
grid (Fig. 10). Because neither the sites of the Ba-
hamas Drilling Project on the platform nor the
Leg 166 sites in the Straits of Florida penetrated
down to this horizon, age assignment of R re-
mains speculative. However, a jump-correlation
from the Great Isaac-I well on northern Great Ba-
hama Bank to the Western line and then to
line 106 suggests that this reflection is the middle
Cretaceous unconformity (Eberli and Ginsburg,
1989). The drilling results of ODP Leg 166 re-
vealed, however, that the sediment package be-
tween R and the base of the Neogene (seismic se-
quence boundary Q) is only approximately 200 m
thick. Thus, it seems more likely that R is younger
than the middle Cretaceous unconformity. Re-
gardless of its age, the seismic signature of R,
which is a high-amplitude and low-frequency
couplet of reflections, suggests a significant
change in acoustic properties across the horizon.

Miocene Sequences

The Miocene succession is present in 11 seis-
mic sequences, named q–g (Fig. 10). Sediments
spanning the Oligocene-Miocene boundary were
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drilled and dated biostratigraphically at Site 1007
so that this boundary was identified seismically
and traced across the entire transect. On the seis-
mic data at Site 1007, a prominent reflection ap-
pears at 1190 mbsf (Table 1), which is 20 m above
the biostratigraphic marker that indicates the base
of the Miocene. Shipboard measurements of
physical properties indicate that this reflection is
caused by a sharp increase in velocity at
1190 mbsf (Fig. 11). Thus, the seismic sequence
boundary Q marks a horizon 20 m above the bio-
stratigraphic base of the Miocene. Nevertheless,
we name Q the seismic base of the Miocene, rec-
ognizing, however, that the Oligocene-Miocene
boundary is just below this reflection.

The early and the late Miocene each consist of
three seismic sequences (q–pand I–g, respec-
tively), whereas five sequences (o–k) can be iden-
tified in the middle Miocene. The age of seismic
sequence boundary O correlates with the early-
late Miocene boundary, and seismic sequence
boundary I marks the middle-late Miocene
boundary. Most seismic sequences of the early
and middle Miocene show a gradual lateral tran-
sition from a slope part, characterized by irregu-
lar reflection geometries, to more seismically
continuous deposits in the platform-distal areas.
The slope sections are generally thicker than the
basinal sections, indicating that deposition during

this time is concentrated on the slope. All the
Miocene sequences are characterized by rather
subtle downlapping reflections oriented towards
the west, which are caused by prograding base-
of-slope sediments. These downlap surfaces gen-
erally coincide with the seismic sequence bound-
ary, but, due to the high resolution, additional
downlap surfaces can be detected within the se-
quences. The slope part of the sequences shows
abundant small-scale erosional surfaces due to
the active downslope sediment transport.

Middle Miocene sequencekand late Miocene
sequences i–g are the first sequences in which
the basinal sections become thicker than the
slope sections (Fig. 10). This reversal is caused
by the growing dominance of drift deposits. The
youngest Miocene seismic sequence (g) shows,
in addition to the thickening, several distinct
downlapping reflections towards the northeast
that result from progradation of the drift depos-
its. Unlike the older Miocene sequences, in
which sedimentation is nearly equal between
slope and basin, sequence g forms the base of a
sediment wedge the reflections of which termi-
nate onto lower-slope sediments, indicating in-
complete or reduced sedimentation on the slope.
Sequence g, in fact, thins significantly eastward
towards the modern platform margin. This ob-
served seismic thinning correlates well with the

fact that, even farther to the east, drill hole Clino
penetrated a horizon that represents a long hiatus
spanning the Miocene-Pliocene boundary, indi-
cating that the time-equivalent strata composing
sequence g are missing higher up on the slope
(Eberli et al., 1997b).

Pliocene Sequences

Unlike the Miocene section, the Pliocene sec-
tion, which consists of three seismic sequences
(f–d), shows a more distinct seismic separation
between slope and basinal sediments (Fig. 10).
The transition between the two depositional sys-
tems is characterized by unconformities associ-
ated with reflection terminations and not simply
by a gradual transition. For example, the slope
part of sequence f is an incised and seismically
transparent unit. In contrast, this interval is char-
acterized in the basin by a thick and very coher-
ent succession of drift deposits (Figs. 4 and 10).
The reflections of these drift deposits wedge out
at the base-of-slope with downlaps towards the
transparent slope unit. Biostratigraphic dating at
Site 1007 showed that the top of f is marked by a
hiatus spanning the early-late Pliocene bound-
ary, indicating erosion or bypass sedimentation
at that time (Eberli et al., 1997a). Farther up the
slope at Sites 1003–1005, sequence f becomes
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thicker and more complete in stratigraphic
terms, documenting more continuous sedimen-
tation on the middle and upper slope (Fig. 10).
Because of its transparent seismic facies and in-
cised nature (Figs. 4, 5, and 10), no precise geo-
metric unconformities and correlations can be
recognized within the slope part. At the toe-of-
slope, erosion of the top of sequence f creates a
north-south–oriented channel (Fig. 6), which
was likely partly created by bottom-current ero-
sion parallel to the slope. This erosion can be
recognized by the truncation of reflections of the
youngest drift deposits, yielding an erosional un-
conformity at seismic sequence boundary E that
results in a channel-like morphology (Fig. 6).
This erosion caused part of the observed hiatus
at Site 1007. The overlying sequence e infills this
depression and inverts the relief with deposits
that form a mound-like geometry with downlap
in both platformward and basinward directions
(Fig. 10). In addition to infilling the slope-paral-
lel channel, sequence e also infills all incised
canyons that were eroded on the slope into un-
derlying sequence f. Being mainly restricted to
these former depressions, sequence e thins out
towards Site 1007, increasing the observed hia-
tus spanning the early-late Pliocene boundary at
Site 1007. The good match between seismic se-
quence boundaries and biostratigraphic data is
indicated by the merging of seismic sequence
boundaries E and D at Site 1007 (Fig. 11).

During deposition of the youngest Pliocene se-
quence (d), the depocenter moved eastward to-
wards the base-of-slope, approximately to the po-
sition of Site 1007. The sediments ofd gently

TABLE 1. DEPTHS AND AGES OF SEISMIC SEQUENCE BOUNDARIES

SSB Age of boundary Composite Maximum Site 1006 Site 1007 Site 1003 Site 1004 Site 1005
age* age offset† TWTT Depth TWTT Depth TWTT Depth TWTT Depth TWTT Depth
(Ma) (Ma) (ms) (mbsf) (ms) (mbsf) (ms) (mbsf) (ms) (mbsf) (ms) (mbsf)

A Pleistocene–Holocene (?) 0.1 0.07 N.D. N.D. N.D. N.D. 10 8 20 15 25 20
B 0.6 0.5 N.D. N.D. N.D. N.D. 30 25 70 65 100 90
C Pliocene–Pleistocene 1.7 0.2 100 90 40 35 110 100 160 150 200 185
D 3.1 0.6 160 145 220 210 150 145 200 185 240 225
E Early–late Pliocene 3.6 0.2 190 170 220 210 180 175 220 205 270 255
F Miocene–Pliocene 5.4 0.6 410 380 310 310 315 315 400 400
G 8.7 0.1 530 505 350 365 340 350 430 430
H 9.4 0.4 550 530 390 420 380 400 475 485
I Middle–late Miocene 10.7 0.7 585 570 440 490 475 520 520 550
K 12.2 0.2 660 660 520 600 570 670
L 12.7 0.2 675 675 570 670 610 740
M 15.1 0.0 660 810 725 915
N 15.9 0.3 720 900 790 1025
O Early–middle Miocene 18.3 0.2 760 960 840 1105
P 19.4 0.2 800 1020 880 1165
P2 23.2 0.7 860 1115 900 1190
Q Oligocene–Miocene 23.7 N.A. 910 1190
R ? 1080 1460§

0.32#

Notes: SSB—seismic sequence boundary. Depth of SSB is given in milliseconds (ms) of two-way traveltime (TWTT) and in meters below seafloor (mbsf). Depth in meters
was obtained through time-to-depth conversion (Fig. 3) from checkshot survey at four sites. N.D.—seismically not detectable. N.A.—not available (could not be determined).

*The composite age is the averaged biostratigraphic age of the SSB across the entire transect (see Eberli et al., 1997a).
†See Figure 10. The maximum age offset is the maximum difference in age of one SSB between all sites where the SSB was drilled and dated.
§Estimated (not drilled).
#Average ∆t.
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thin out towards the west, as well as towards the
slope. Reflections within seismic sequenced
merge together upslope of Site 1007 and show
terminations at the base of the sequence, forming
an onlap surface between Sites 1007 and 1003
along seismic sequence boundary D (Fig. 10).
Biostratigraphic data, however, suggest that this
onlap is rather an effect of the layers thinning be-
low the limits of seismic resolution, because sed-
imentation at Sites 1003–1005 on the late
Pliocene slope is strongly condensed but nearly
continuous (Eberli et al., 1997a). The observed
onlap surface at the base of d would thus be a
pseudo-unconformity, as shown in other exam-
ples of seismically modeled carbonate slopes
(Stafleu and Sonnenfeld, 1994; Stafleu et al.,
1994; Anselmetti et al., 1997).

Pleistocene–Holocene Sequences

The Quaternary succession consists of three
seismic sequences (c–a); all contain thick units at
the platform margin (Fig. 9). This is a result of a re-
gression of the base-of-slope that produces steep-
ening of the slope angle. Sequencesaand bcannot
be resolved in the distal parts of the Straits of
Florida, because their vertical extent is below that
of seismic resolution; in addition, they are partly
masked by some shallow ghosts of the seismic sig-
nal in the uppermost few meters of the seafloor
sediments. A slight increase in thickness of se-
quence cat the basin floor, however, indicates that
drift sediments were still being deposited by the
Florida Current during the Quaternary.

In addition to a geometry that is characterized
by erosive downslope channels, all three se-
quences show distinct downlapping surfaces that
resulted from the basinward termination of steep
beds of slope sediments. They form a sharp edge
today, as shown in previous seismic investiga-
tions (Wilber et al., 1990). For seismic sequence
boundary C, these slope sediments terminate ap-
proximately at the position of Site 1007. The
front of these downlapping slope wedges back-
steps throughout the Quaternary to its present po-
sition, between Sites 1003 and 1004 (Fig. 10).
The uppermost sequencea, is likely a product of
the last sea-level highstand of the Holocene,
though no precise biostratigraphic dating was
possible for seismic sequence boundaryA (Eberli
et al., 1997a).

Chronostratigraphic Significance of Seismic
Reflections

One of the basic assumptions of seismic se-
quence stratigraphy is that seismic reflections—
and in particular seismic sequence boundaries—
do not crosscut time lines and therefore have
chronostratigraphic significance (Vail et al.,

ANSELMETTI ET AL.

840 Geological Society of America Bulletin, June 2000

P
l.

P
lio

ce
ne

M
io

ce
ne

200

400

800

1000

F

E

K

I

H

M

N

O

Q

P

L

G

D

C

P2

O
lig

.

Age Vp
(km/s)

1 2 3 4 5 6Site 1007

1.0

1.5

Line 106a

T
W

T
T

 (
m

s)

SSB

*

*

*

*

*

*

*
multiple

NESW

mbsf
1200

600

Figure 11. Match between seismic section, seismic sequence boundaries (SSB), and petro-
physically and lithologically significant markers recognized in the sonic log of Site 1007 (modi-
fied after Eberli et al., 1997a). Most SSBs coincide in the log with distinct changes in acoustic sig-
nature (marked by solid circles at right side). In the Miocene section, the SSBs generally display
a gradual upward increase of velocity within the sequence and an abrupt upward decrease
across the boundary. Pliocene SSBs F–D are characterized acoustically by low, constant veloc-
ity values below and by a rapid velocity increase above the boundary. Some SSBs do not neces-
sarily coincide with major changes in physical or lithologic properties (marked by open circles).
In addition, some major peaks in the sonic log signature do not match, within seismic resolution,
with a SSB. This might indicate higher-order cyclicity in the sedimentation pattern (marked
by *). The top and bottom 100 m of the sonic log (gray curve) were reconstructed using Ocean
Drilling Program shipboard core-velocity measurements, because no sonic log was available.



1977b). Several studies of seismic modeling,
however, have shown that under certain circum-
stances, this precondition might sometimes be vi-
olated (Tipper, 1993; Stafleu and Sonnenfeld,
1994; Stafleu et al., 1994). However, not many ex-
tensive data sets exist that can date high-resolution
seismic reflection events using data from continu-
ously cored drill holes. The high-resolution seis-
mic line 106, together with the five continuously
cored drill holes and the precise time-to-depth
conversions from four checkshot surveys (Fig. 3),
now provide a unique opportunity to date seismic
reflections and to correlate their biostratigraphic
ages across the entire transect. Therefore, com-
parison of the seismic interpretation with biostra-
tigraphic core data represents a test of the seismic
sequence-stratigraphic concept for the investi-
gated carbonate-platform–margin setting. The
ages of the drilled cores of ODP Leg 166 were de-
termined by the Scientific Shipboard Party (Eberli
et al., 1997a) using calcareous nannofossils and
planktonic foraminifers. By establishing a two-
way traveltime-to-depth conversion from the ac-
curate checkshot surveys (Fig. 3), it became pos-
sible to assign ages to each seismic sequence
boundary at all sites where they were drilled. Fig-
ure 10 displays these ages and shows the variation
in age across the transect. In fact, the average dif-
ference in resulting ages of all seismic sequence
boundaries at each site (Table 1) amounts to
0.32 m.y. (Eberli et al., 1997a) and thus lies within
the combined range of seismic and biostrati-
graphic resolution. It is remarkable that all Neo-
gene seismic horizons are also chronostrati-
graphic boundaries from the middle of the
Santaren Channel up to the Great Bahama Bank,
reaffirming the hypothesis that seismic reflections
and their associated seismic sequence boundaries
represent time lines. Consequently, even the drift
deposit maintains its biostratigraphic integrity, de-
spite the fact that the sediment was reworked by
contour-following ocean currents after the mater-
ial was transported downslope. The seismic se-
quence boundaries correlate across the deposi-
tional facies transitions without changing their
chronostratigraphic identity.

EVOLUTION OF THE PLATFORM-TO-
BASIN TRANSITION THROUGH TIME

The densely spaced grid of two-dimensional
seismic sections allows for a general three-di-
mensional analysis of the platform margin archi-
tecture (Fig. 2). All major time boundaries could
be located on the seismic sections using biostrati-
graphic and checkshot data from ODP Leg 166
sites. Because the seismic sequence boundaries
are in fact chronostratigraphically significant
horizons, it was possible to correlate the age
markers across the entire seismic grid. Interpola-

tion between seismic sections, done by the seis-
mic interpretation software, resulted in a detailed
three-dimensional image of the sediment bodies
of all major epochs. The isopach maps of the
lower, middle, and upper Miocene, the lower and
upper Pliocene, and the Pleistocene–Holocene
packages are shown in Figure 12. They document
the depositional evolution of this platform-to-
basin transition through time.

Figure 12 (A–C) shows the thicknesses of the
sediments for each of the three Miocene ages. The
thickness is given in milliseconds of two-way-
traveltime, which is converted to approximate
thicknesses in meters by using the displayed cor-
relation, assuming an average velocity of
2600 m/s. The isopachs are all oriented north-
south, parallel to the platform margin. Widely
spaced isopachs document a rather uniform thick-
ness of lower Miocene sediments (Fig. 12A).
During this time, the platform margin was farther
east of the current margin, so that no direct topo-
graphic effect of the platform slope is recorded. In
contrast to this more uniform sediment distribu-
tion, the isopach map of the middle Miocene
(Fig. 12B) shows an increase towards the east as a
result of the westward progradation of the plat-
form margin (Eberli and Ginsburg, 1989). This
simple eastward thickening and wedge-like sedi-
ment distribution became more complicated in
the late Miocene (Fig. 12C). In the paleo–Straits
of Florida, a second depocenter became active,
suggesting the onset of drift deposition after
12.4 Ma. The slope and the Straits depocenters are
separated by an area of reduced deposition, lo-
cated at the toe-of-slope (Fig. 6).

The deposition of drift deposits in the Straits of
Florida became more pronounced during the early
Pliocene (Fig. 12D), when the bulk of the sedi-
ment was shed into the basin and redistributed by
ocean currents. The thick package of lower
Pliocene drift deposits thins out quickly towards
the east, while sedimentation on the slope became
irregular, presumably due to the intense erosion
processes creating the submarine canyons on the
slope (Figs. 5, 6, and 12D). During the late Plio-
cene, the depocenter of the drift deposits shifted
approximately 10 km eastward (Fig. 12E), com-
pletely infilling the depression created between
the upper Miocene–lower Pliocene drifts and
time-equivalent slope deposits. Infilling of this de-
pression at the toe-of-slope (Fig. 6) resulted in an
inversion of topography, so that, by the end of the
Pliocene, the former channel formed a ridge-like
topography (Fig. 10). Slope sedimentation was
strongly condensed during the entire late Plio-
cene, when most of the sediments that were shed
from the platform top bypassed the slope and ac-
cumulated farther out in the basin.

The Pleistocene and Holocene sections show a
very narrow but thick wedge of slope deposits close

to the platform margin (Fig. 12F). Drift deposition,
which was dominant in the Pliocene, was reduced.
A slight westward thickening of sediments in the
distal areas was still occurring, however, indicating
ongoing deposition by recent currents.

The overall slope angle increases through time
over the entire Miocene to Holocene section,
from a gentle slope at the base of the Neogene
(2°–4°) to the steep modern value formed by the
Pleistocene–Holocene wedge of upper slope sed-
iments (6°–9°). In addition, the uppermost por-
tion of the modern margin is a near-vertical cliff
of ~60 m relief (Wilber et al., 1990). Because of
this steepening, the toe-of-slope moved progres-
sively farther to the east while the platform mar-
gin continued to prograde westward. Conse-
quently, the whole slope area became narrower
and, despite the oversteepening of the margin,
yielded a widening of the basin floor during
much of the Neogene.

SUMMARY AND CONCLUSIONS

The results of the seismic survey of the plat-
form-to-basin transition of Great Bahama Bank
show that two major depositional processes con-
trolled the sediment distribution west of the mod-
ern platform margin. Downslope currents trans-
ported the sediment that was produced on the
platform top onto the slope and into the basin,
partly through a series of submarine canyons. Sed-
iments that were not deposited on the slope but
shed into the basin were redistributed by ocean
currents—for example, by the Florida Current—
yielding thick packages of drifts in the distal areas.

Both of these processes were directly linked
to sea-level variations, because shallow-water
carbonates are generally not produced during
sea-level lowstands. In fact, drilling results of
ODP Leg 166 indicate that, while lowstand dep-
osition on the slope is strongly reduced or
halted, basinal sections still received some drift
deposits that are characterized by a more clay-
rich, low-carbonate composition (Eberli et al.,
1997a). Consequently, the interfingering of the
two systems provides an edifice that records the
sea-level signal across the entire platform mar-
gin. The record of sea-level changes in the drift
deposits is mostly given by sediment composi-
tion and thickness. Sedimentary load carried by
the Florida Current was derived largely from the
adjacent platforms; this load was greatly re-
duced during sea-level lowstands. Furthermore,
lowering of sea level likely restricted the current
to a narrower strait, causing a faster flow and
possibly enhanced sea-floor erosion (Richardson
et al., 1969). We postulate that both the ob-
served unconformities on the slope and also
those seen in the basinal drift packages were
sea-level controlled.

MARGIN ARCHITECTURE CONTROLLED BY SEA-LEVEL FLUCTUATIONS AND OCEAN CURRENTS

Geological Society of America Bulletin, June 2000 841



842 Geological Society of America Bulletin, June 2000

A) Early Miocene
    Thickness
    (sequence boundaries Q-O)

G
 R

 E
 A

 T
   

   
B

 A
 H

 A
 M

 A
   

   
 B

 A
 N

 K

B) Middle Miocene
    Thickness
    (sequence boundaries O-I)

G
 R

 E
 A

 T
   

   
B

 A
 H

 A
 M

 A
   

   
 B

 A
 N

 K

C) Late Miocene
    Thickness
    (sequence boundaries I-F)

G
 R

 E
 A

 T
   

   
B

 A
 H

 A
 M

 A
   

   
 B

 A
 N

 K

E) Late Pliocene
    Thickness
    (sequence boundaries E-C)

G
 R

 E
 A

 T
   

   
B

 A
 H

 A
 M

 A
   

   
 B

 A
 N

 K

D) Early Pliocene
    Thickness
    (sequence boundaries F-E)

G
 R

 E
 A

 T
   

   
B

 A
 H

 A
 M

 A
   

   
 B

 A
 N

 K

F) Pleistocene - Holocene
   Thickness (sequence
    boundary C-seafloor)

G
 R

 E
 A

 T
   

   
B

 A
 H

 A
 M

 A
   

   
 B

 A
 N

 K

Thickness
in ms two-

way time

0

40

80

120

160

200

240

280

320

360

400

440

480

Approximate
Thickness in m
(v=2600 m/s)

0

52

104

156

208

260

312

364

416

468

520

572

624

10 km

ODP Leg 166 
Drill Sites

79°30' 79°10'79°50'

24°50'

24°30'

24°10'

79°30' 79°10'79°50'

24°50'

24°30'

24°10'
24°50'

24°30'

24°10'

200

20
0

20
0

20
0

40
0

20
0

200

20
0

20
0

20
0

20
0



The chronostratigraphic integrity of the in-
terfingering geometry is confirmed by the syn-
chronism of seismic reflections and associated
seismic sequence boundaries across the entire
transect, as determined by biostratigraphic dating
at all ODP Leg 166 sites. The ages of the same re-
flections vary from basin to platform within seis-
mic or biostratigraphic resolution, thus confirm-
ing one of the major assumptions of seismic
sequence stratigraphy. The seismic sequence
analysis, yielding 17 Neogene to Quaternary se-
quences, provides the means to partition the
whole platform margin-to-basin system into sea-
level controlled sequences.

The average duration of 1–1.5 m.y. for the
sequences suggests that the chosen high-reso-
lution seismic surveying method has the poten-
tial to detect third-order sea-level changes
from the base of the Neogene to the Quater-
nary. In addition to reconstructing the sea-level
history, the drift deposits also provide informa-
tion about the history and evolution of Florida
Current. The seismically recognized onset of
drift deposition in the middle Miocene, which
persists to the present, might record the onset
of the modern conveyor-type circulation in the
Atlantic.
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Figure 12. Isopach maps (in milliseconds of
two-way traveltime) of six depositional periods
documenting the shift of depocenters through
time. Shaded patterns denote by intervals two-
way traveltime (m/s) and approximate thick-
ness (m) for (A) early Miocene, (B) middle
Miocene, (C) late Miocene, (D) early Pliocene,
(E) late Pliocene, and (F) Pleistocene–Holo-
cene. Sedimentation rates during the Mio-
cene (A–C) were more uniform overall than
during the younger stages (D–F). The middle
Miocene (B), however, displays higher sedi-
mentation rates on the slope closer to the plat-
form. The early Pliocene map (D) indicates a
sharp increase in sedimentation in the western
zones, where a thick wedge of drift sediments
is deposited. The eastern limit of the wedge
ends rather abruptly, resulting in close-spaced
isopachs. During the late Pliocene (E), the de-
pocenter of the drift deposits shifts eastward
and infills the topographic depression created
by the early Pliocene drifts. In the Pleist-
ocene (F), the depocenter moves further east-
ward to the upper slope of the platform. The
platform margin continuously steepens and
more sediment is kept at a margin-proximal
position, while less sediment is transported
basinward.
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