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Abstract

This is the first high-resolution seismic study showing how the Chicxulub impact shaped the
eastern slope of the Campeche Bank in the south-eastern Gulf of Mexico. The induced shock
wave fractured Cretaceous strata causing the collapse of the upper slope and shelf over a
length of ca. 200 km. Failed material was either transported downslope or remained in parts
on the accommodation space created by the collapsed. In the Cenozoic, the East Campeche
Plastered Drift developed within the created accommodation space, controlled by the inflowing
surface current from the Caribbean, which forms the Loop Current. The internal reflection
configuration of the drift shows that the closure of the Suwannee Strait in the Late Oligocene
and the closure of the CAS in the Mid to Late Miocene controlled the variability of the southern
Loop Current in time. Since the Loop Current transports heat and moisture from the western
Atlantic warm water pool into the North Atlantic and further to NW Europe by the Gulf Stream,
the drift represents an archive for controlling factors that influenced climate of the northern
hemisphere. This first high-resolution seismic reflection study from the eastern Campeche
Bank expands the understanding of destructive processes that a meteorite impact induces into
the earth system. Furthermore, these data document that the East Campeche Plastered Drift
bears the potential to understand the link between the climate variability of the northern
hemisphere and oceanic processes in the equatorial western Atlantic.

Keywords

Marine reflection seismics, plastered drift, deep base level, paleoceanography, meteorite
impact, pockmarks

1. Introduction

The impact of the Chicxulub meteorite responsible for the Cretaceous-Paleogene (K-Pg)
extinction event occurred 66 Ma ago on the present-day coastline of Mexico on the northern
Yucatén Platform in the southern Gulf of Mexico (GoM; Fig 1) (Alvarez et al. 1980; Hildebrand
et al. 1991; Schulte et al. 2010). The energy introduced into the Earth system by the impact
was partially converted into a shock wave that would be comparable to the consequences of
a magnitude 11-12 earthquake (Day and Maslin 2005). The shock wave reached the Florida
coast within 4 minutes, triggering surface waves with amplitudes of one meter (Poag 2017).
Portions of the carbonate platforms collapsed, carrying an estimated 1.98 x 10° km?® of
sediment into the Gulf Basin (Sanford et al. 2016). The impact crated an elongated, up to 490
m deep basin the stretched from the crater to the northern Campeche shelf break, hence
separating the Yucatan Platform in an eastern and western part (Guzman-Hidalgo et al., 2021).

Overall, the K-Pg boundary deposits (KPBD), comprising melt rock, suevite, and lithic impact
breccia, represent the largest mass wasting sedimentary unit of the Earth (Sanford et al. 2016;
Poag 2017) which triggered tsunamis along the GoM (Kinsland et al., 2021). The northern
Campeche Bank, a cretaceous carbonate platform, is the closest present-day Cretaceous—
Paleogene (K-Pg) boundary outcrop to the Chicxulub impact structure (Paull et al. 2014). The
authors used multibeam data for describing impact related mass wasting due to seismic
shaking produced by the impact. The arcuate steep escarpment face of the northern
Campeche Bank (black arrows in Fig 1) represents the headscarp left behind by extensive
debris flows, which are found in wide areas of the GoM. Hiibscher and Nirnberg (2023)
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proposed that the arcuate escarpment at the eastern Campeche Bank (ECB) represents a
similar headscarp created by Chicxulub impact related mass wasting.
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Fig 1 Bathymetric map of southern Gulf of Mexico with adjacent Yucatan and Florida straits.
The yellow lines mark the seismic profiles, the label indicate the figure numbers. MTC: mass
transport complex. The location of the Chicxulub impact crater is indicated according to Paull
et al. (2014). Concentric rings indicate the impact induced seismic wave.

As summarized by Mullins et al. (1987), ocean currents in the eastern GoM today are
dominated by the Loop Current. This surface current which flows from the Caribbean Sea and
through the Yucatan Strait, streams clockwise into the eastern Gulf and exits into the Atlantic
via the Florida Strait. The surface current then flows northward, where it joins the Antilles
Current northwest of the Bahamas and accounts for about one-third of the total volume of the
Gulf Stream system. Because the Loop Current transports warm tropical water from the
Caribbean to high northern latitudes (Oey 2008 and references therein), its temporal variability
has been an important controlling parameter for Northern Hemisphere climate. Loop Current
variability since the Late Cretaceous has been reconstructed from seismic and
sedimentological data from the western Florida shelf by Gardulski et al. (1991) (Fig 2).
Comparable studies from the conjugate ECB are lacking. This is significant because until the
closure of Suwannee Strait in the late Oligocene to early Miocene, surface flow was northward
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in both the east and west. Subsequently, the Loop Current formed and the flow along the
western Florida shelf was southward, in contrast to the eastern Campeche Bank (ECB).

In this study, we use high-resolution reflection seismic data measured during RV METEOR
Expedition M94 (Hubscher et al., 2014) to reconstruct the consequences of the Chicxulub
impact on the upper slope of the ECB, as well as the influence of the changing oceanic current
regime like the Loop Current on the deposited sediments after the impact.
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Fig 2 Conceptual sketch showing the four major depositional systems identified by Gardulski
et al. (1991) in the context of paleo-circulation (a-h) and eustasy (i). Red dot in paleo-cirulation
maps indicate study area of Mullins et al. (1988) and Gardulski et al, (1991). Red rectangle
indicates working area of this study. GT: Gulf Trough; SS: Suwannee Strait.
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2. Setting
2.1 Geology of southeastern GoM

Legacy seismic data and cores collected on Leg 77 of the Deep Sea Drilling Project (DSDP)
provide a broad history of the geology of the southeastern GoM (Schlager et al. 1984). Drill
cores from several knolls in the deep southern GoM, i.e., positive bathymetric features with
little overburden over crystalline basement, reveal that Paleozoic basement is comprised of
rifted continental crust (Buffler et al. 1984). The extent and nature of this transitional crust is
still subject of controversy (Kneller and Johnson 2011; Mickus et al. 2009; Pindell and Kennan
2009; Christeson et al. 2014; Eddy et al. 2014; van Avendonk et al. 2015), as no basement
material has been recovered from deep portions of the basin and it is poorly resolved on the
data used by Schlager et al. (1984).

2.2 Campeche Bank

The Campeche Bank north of the Yucatan Peninsula (also known as Yucatan Shelf or Yucatan
Carbonate Platform) in the GoM is a carbonate bank which evolved until the mid-Cretaceous
(Ordonez, 1936). It is considered as geologically similar to the southern Florida platform
(Antoine and Ewing, 1963; Uchupi and Emery, 1968). As summarized by Guzman-Hidalgo et
al. (2021), the Mesozoic and Cenozoic succession comprises mainly carbonate and evaporite,
as well as minor red bed siliciclastic rocks at the base.

The Campeche Bank is characterized by a gently dipping seafloor, down to 120 m, followed
by a locally 60 km wide terrace down to ca. 400 m, from where it plunges to 3000 m. Two
submarine terraces (30-36 m, 50 — 63 m) occur in the shallow part, with minor reefs growing
at the position of the deeper terrace (Purser 1983).

The lower slope of the northwestern (Site 86), northern (Site 94) and northeastern (Site 96) of
the Campeche Bank has been drilled in the course of DSDP Leg 10 back in 1970 (Fig 2; Worzel
et al. 1973). The results derived from spot coring indicated that the Bank grew as a massive
carbonate platform since Cretaceous times. No evidence for any reef structures or barriers has
been reported. With the exception of Cretaceous dolomite, the recovered sediments were of
deep-water origin (bathyal depths), indicating that the bank has been in the same relative
environment since at least Paleocene or Late Cretaceous. In the context of DSDP Leg 10,
Worzel et al. (1973) interpreted the steep upper slope of the northern Campeche Bank as the
result of upbuilding carbonate sediments. The authors ruled out to see the escarpment as a
fault scarp or as the detrital accumulation seaward of a barrier or reef complex.

The Lower Paleocene chalks drilled on close to our study area at Site 95 in a water depth of
1663 m are fractured. Discontinuities in the section and unconformities observed in the seismic
data were interpreted to result from slumping that occurred throughout the Cenozoic along the
ECB slope (Worzel et al. 1973). As it is typical for a ramp, shallow water sedimentary facies
are arranged into depth dependent belts with red and green algae, molluscs, gastropods and
foraminifers down to 80 m, and finer grained deposits in deeper waters (Logan et al. 1969).

2.3 Chicxulub Impact

The energy input into the Earth system by the Chicxulub at the Cretaceous-Paleogene (K-Pg)
boundary is estimated to be 4.2-12 x 10%° kJoule (Covey et al. 1994; Hildebrand et al. 1998).
As summarized by Sanford et al. (2016) the subsequent magnitude 11 earthquake generated

5
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seismic shaking, ground roll and a mega-tsunami wave train (Kinsland et al., 2021) that
travelled across the gulf within an hour. The resulting debris flows redistributed about 2 x 10°
km? carbonate sediments in the entire GoM, mainly from the Texas shelf and Florida Platform
(Sanford et al. 2016). The redeposited carbonate debris observed in seismic and borehole
data by Sanford et al. (2016) at the Cretaceous-Paleogene boundary has thicknesses on
decimeter and hectometer-scale. Poag (2017) used seismic reflection profiles from the West
Florida Shelf to investigate impact-induced seismic shaking, strata disruption and subsequent
erosion of the Maastrichtian-Campanian depositional sequence.

Paull et al. (2014) discussed catastrophic mass wasting along the northern Campeche Bank
due to seismic shaking triggered by the Chicxulub impact (Fig. 1). The gravity flows contributed
to what Paull et al. (2014) called the “K-Pg Cocktail deposits”, comprising melt rock, suevite,
and lithic impact breccia. The mass failure created a rather flat an up to 50 km wide basal
shear surface ramp, on which the Cocktail deposits were deposited, later covered by Cenozoic
post K-Pg event deposits. Guzman-Hidalgo et al. (2021) showed later, that the flank collapse
at the upper slope of the northern Campeche Bank (Fig 1) occurred at the northern end of the
impact basin that stretches from the shelf break to the crater.

The processes important to this study are thus: (1) Within the first seconds to minutes after
impact, seismic ground roll caused sediment liquefaction and internal fracturing of the upper
Cretaceous deposits (Day and Maslin 2005; Poag, 2017). The northern margin of the
Campeche Bank collapsed. (2) Turbidite flows triggered by tsunamis within the first few hours
after impact are deposited in the GoM and Caribbean (Sanford et al. 2016). (3) Carbonates
suspended in the water and iridium-rich ejecta rocks deposited within the first days to weeks
after impact (Sanford et al.,, 2016). Hibscher and Nurnberg (2023) speculated that the
eastward concave, arcuate rim of the Campeche Bank represents the headwall domain of an
about 150 km broad mass transport complex (MTC), triggered by the Chicxulub impact.

2.4 Tectonics, currents and climate

The interaction between tectonics and oceanography north of the Yucatan Strait has been
described for the western Florida shelf (Mullins et al. 1988; Gardulski et al. 1991; Fig 2). After
the mid-Cretaceous drowning of the Florida platform sediment gravity flows caused prograding
deposition under the additional influence of a northbound contour current (Fig 2a, €). Starting
in the Maastrichtian, pelagic deposition of mainly carbonate ooze continued for about 40 Myrs.
(Fig 2b). Until then, the northbound current exited the GoM through the Suwannee Straight
until early Eocene and through the Gulf Trough to late Oligocene (Fig 2e, f). The transition from
Late Cretaceous-Paleogene aggradation to late Oligocene-middle Miocene progradation was
contemporaneous with the infilling and closure of the Suwannee Strait and Florida Trough
during falling eustatic sea level (Fig 2c, g, i) (Gardulski et al. 1991). In the following deposition
took place under the influence of the southward flow of the emerging Loop Current. It should
be noted that this change in flow direction did not affect the ECB to the west.

The closure of the Central American Seaway (CAS) caused a significant intensification of the
Loop Current vigor (Fig 2d, h), but the timing of this event is debated. Although the Isthmus of
Panama as a land bridge formed around 2.8 Ma (O'Dea et al. 2016), massive interoceanic
seawater exchange between Atlantic and Pacific ceased by 9.2 Ma due to collision related
uplift (Newkirk and Martine, 2009; Osborne et al., 2014).

Subsequently an aggradational ramp developed on the western Florida Shelf above the Mid-
Miocene unconformity (MMU; Mullins et al., 1987; 1988), consisting mostly of calcareous
6
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pelagic sediments with some input from the Mississippi River (Fig 2i). Gardulski et al. (1991)
that the strong, southward directed current blocked off-platform transport, because the Loop
Current reached down to the sea floor, e.g. due to the mid-late Miocene sea level fall (Fig 2i).

Hubscher et al. (2010) used sediment subbottom profiler data from the southeastern GoM
and discussed the influence of the northbound Loop Current and the counter flow on
sediment drift depositions on the ECB and West Florida Shelf. The data resolved a
prominent unconformity at the upper slope up to 20 m below sea floor which was interpreted
as the consequence of a significant flow change sometime during the Pleistocene. Hibscher
and Nurnberg (2023) interpreted additional hydroacoustic and geological data collected
during RV METEOR expedition M94 (Hibscher et al. 2014) and attributed that unconformity
and its correlated conformity to the Mid-Pleistocene Transition (MPT). The data provided
several indications that the Loop Current weakened after the MPT hence contributing to the
further cooling of the Northern hemisphere. Cold-water corals with drift complexes developed
on the upper slope, first described by Hibscher et al. (2010).

3. Material and Methods

During RV METEOR expedition M94 in 2013 we collected high-resolution seismic reflection
data by means of two GI-Guns and a short 16-channel analog streamer with a group interval
of 6.25 m (Hubscher et al. 2014). The volume of each GI-Gun was 45 in® for the generator with
a 105 in® injector volume, both operated in “true GI” mode. The weather conditions were rather
harsh, so noise level was high. The undamped passband of the frequency filter was between
20 and 200 Hz. Further processing steps included predictive deconvolution, spherical
divergence correction, stacking, time-migration, white-noise suppression by the technique
described by Butler (2012) as implemented in Schlumbergers VISTA® processing package
and fx-deconvolution. For more details about the marine seismic method see Hubscher and
Gohl (2014). Additionally, we used vintage seismic profiles GT2-16 and GT3-62 collected in
the course of the Gulf Tectonics projects by the University of Texas Institute for Geophysics
(Buffler 1977; Worzel and Buffler 1978; Dillon et al. 1979). IHS Markit provided the Kingdom®
Geophysics software for data interpretation. The vertical exaggeration which is given for each
seismic figure has been calculated with a constant velocity of 1800 m/s, which is the velocity
that has been estimated by Hiibscher and Nirnberg (2023) for upper strata.

4. Observations

As noted already by Hubscher and Nirnberg (2023), the ECB between 22° and 23,5° north
forms a nearly 200 km long arcuate terrain step, which was interpreted as the headscarp of a
mass transport complex (MTC; Fig 1). The upper slope in water depth between 300 m and 600
m reveals a terrace-like morphology. Between 600 m to 1000 m the isobaths are convex-
shaped downslope.

In order to set up a seismo-stratigraphic framework we first chose the M94 profile in Fig 3
which runs approximately along the contour and exhibits all the here defined seismic units.
The term "seismic unit" (or simply "unit") is purely descriptive for intervals with similar internal
reflection configurations bounded by unconformities or conformities atop and at their base. The
identified eight units, labelled bottom up ECB1-8 (ECB: East Campeche Bank), are listed and
characterized in Fig 4. The profile in Fig 3 represents also the tie or anchor profile from which
the stratigraphy is extrapolated to the dip profiles in Figs 5-7. No tie lines are available for the
southern two profiles in Figs 8 and 9 which are quite close to the Yucatan Strait (Fig 1), where
7
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northbound currents from the Caribbean into the Gulf of Mexico are strongest (Sheinbaum et
al. 2002). The lower three units can be identified by jump correlation, the units above are
described in a general way. After establishing the seismo-stratigraphic scheme for the M94
seismic data, the scheme was projected on the vintage seismic data (Fig 10).
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Fig 3 Contour parallel M94 seismic reflection profile. Arrows indicate crossing dip profiles. The
profile location is drawn in the insert map as red line. Seismo-stratigraphic units are labeled
ECB1-9 (East Campeche Bank). MPUC marks the Mid Pleistocene unconformity and
correlated conformity according to Hubscher and Nirnberg (2023). MMU: Mid Miocene
Unconformity.

The lowest unit ECB1, identifiable in the profiles of Figs 3, 6, 9 and 10, exhibits faint subparallel
and parallel reflections. The upper bounding unconformity is irregular and truncated. The
resulting ramps have steps of about 100 ms TWT, corresponding to at least 100 m if a p-wave
velocity of 2 km/s is assumed. The base of ECB1 could not be imaged.

The upper boundary of the overlying unit ECB2 represents an irregular or wavy conformity
where it is not truncated. Internal reflection patches are wavy but discontinuous, other
segments reveal a chaotic pattern. ECB2 comprises a TWT interval of up to 140 ms,
representing 140 m if a seismic velocity of 2 km/s is assumed. Unit ECB2 and the units above
in the MTC terminate upslope against the arcuate headscarp (Figs 5, 6).

Chaotic reflections of low amplitudes with some intercalated high amplitude reflections
characterize unit ECB3, which comprises a TWT interval of up to 60 ms (ca. 60 m). In the
northern profiles this unit fills up depressions in the top of ECB2 (Figs 5, 6). In the center of the
MTC, ECB3 is thickest (Fig 7). ECB terminates downslope against a buttress formed by
ECB1/2 in Figs 7, 9 and 10. In Fig 9, however, ECB3 overran the buttress. In the central part
of the study area and close to the buttress, internal and partly upslope diverging reflections
and thrusts are truncated by the overlying unit (Figs 7, 10). As Fig 8 shows, ECB3 is also
present at the lower slope. No buttress is present here.
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Fig 4 Overview about seismo-stratigraphic scheme. IK: Lower Cretaceous; uK: upper
Cretaceous; Pg: Paleogene; Pa: Paleocene; uOl: upper Oligocene; Mio: Miocene; mMio:
middle Miocene; MMU: Mid-Miocene Unconformity; MPT: Mid-Pleistocene Transition; MPUC:
Mid-Pleistocene Unconformity / Conformity.

ECB4 reveals continuous and subparallel to wavy reflections of high amplitude, which build a
mainly aggrading unit. The maximum TWT interval of up to 200 ms may represent a thickness
of 200 m or less. If 1.8 km/s, which HUbscher and Nirnberg (2023) calculated for the upper
strata, are taken for depth conversion, the 200 ms TWT correspond to 180 m. ECB5 and ECB6
overly ECB4 over wide areas concordantly. However, some areas are truncated or missing
(Figs 3, 5, 6, 10). In the slope parallel profile (Fig 3) over 17 km in length, the upper ca % part
of unit ECB4 are eroded. The side walls of the erosional feature are near vertical. The dip
profile in Fig 6 across this depositional gap shows that unit ECB4 is rather thin if compared to
the profiles to the north and south. In the same profile, unit ECB4 thickens again where the
slope forms an almost horizontal plateau.

The internal reflection configuration of ECB5 is similar to that of ECB4, but reflection
amplitudes are generally lower compared to ECB4, and it reaches its maximum thickness on
the upper slope and in Fig 7, where ECBS5 is prograding. North and south of the profile in Fig
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7, unit ECBS5 is either absent or condensed, which means it is too thin to get resolved by the
seismic data.
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Fig 5 Northernmost M94 seismic reflection profile outside the ECPD (East Campeche
Plastered Drift). Cold-water coral (CWC) and the small drift according to Hiibscher et al. (2010).
The profile location is drawn in the insert map as red line. The black arrow marks the cossing
location of profile in Fig. 3. MTD: Mass transport deposit. For other abbreviations see Fig. 3.

ECB6 is aggrading. Internal reflections are subparallel to wavy. ECBG6 fills the missing ECB4
packages (Fig 3, 5, 6) and comprises up to ca. 200 ms TWT (ca. 180 m) where it fills the
eroded of ECB3 in Fig 3. The upslope termination of ECB6 is truncated in a water depth of ca.
350 m (400 ms TWT). Near-vertical faults, possibly just narrow folds if considering the limited
lateral resolution, are abundant within unit ECB4, some of them correlate downwards with the
top of the underlying unit ECB3 (Fig 5-7), other propagate into units ECB5 or ECB6.

Internal reflections of the prograding clinoforms deposits of ECB7 are continuous and parallel
to divergent. The reflection amplitudes are low to medium. Its thickness may increase (Fig 5)
or decrease (Fig 7) downslope. In Fig 7, the upslope end of ECB?7 is truncated at ca. 350 m
(450-500 ms TWT).

10
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Fig 6 M94 seismic reflection profile across the northern end of the ECPD. The profile location
is drawn in the insert map as red line. Red arrows mark reflection terminations. The black arrow
marks the crossing location of profile in Fig. 3. MTD: Mass transport deposit. For other
abbreviations see Fig. 3.
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Fig 7 M94 Seismic reflection profile across the central ECPD. The profile location is drawn in
the insert map as red line. The black arrow marks the crossing location of profile in Fig. 3. Red
arrows mark reflection terminations. For other abbreviations see Fig. 3.
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The appearance of ECB8 varies along slope. In the northernmost profile (Fig 5), the internal
reflections are straight and slightly diverging downslope, and some small depressions are
intercalated. Reflection amplitudes within these depressions are higher than beside of them.
Along this profile, ECB8 thickens from ca. 90 m (100 ms TWT, v=1.8 km/s) to ca. 180 m (200
ms TWT, v=1.8 km/s). In Figs 6 and 10, unit ECB8 represents a ca. 90 m thick (100 ms TWT,
v=1.8 km/s) mounded structure at the upper slope. In Fig 7, unit ECB8 forms sigmoidal
clinoform with offlapping, down stepping reflections. Here, ECB8 reaches its maximum
thickness of ca. 200 m (220 ms TWT, v=1.8 km/s).
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Fig 8 M94 seismic reflection profile across the southern ECPD. ECB1-3 are identified from
jump correlation. MTD: Mass transport deposit. The profile location is drawn in the insert map
as red line. Red arrows mark reflection terminations. For other abbreviations see Fig. 3.

Unit ECB9 is separated from ECB8 by the Mid Pleistocene unconformity and correlated
conformity (MPUC), which has been described with sediment subbottom profiler data in
Hubscher and Nirnberg (2023). The M94 seismic data resolve MPUC and unit ECB9 only in
Figs 5-7. In the northernmost M94 seismic profile, the internal reflections of ECB 9 are parallel.
The transition from the Mid Pleistocene unconformity (MPU) to the correlated conformity
(MPC) occurs at 810 ms TWT, marked by the most basinward toplap of ECB8 against the
MPUC (blowup in Fig. 6). Upper ECB9 clinoforms onlap the MPU from 840 ms TWT and above
in Fig. 7.

Since the profiles in Fig 8 and 9 are not linked to the profiles further north by a tie profile, the
extrapolation of ECB4-8 to these profiles is not possible. However, both profiles reveal the
transition from aggrading to prograding above unit ECB3. The upper slope is truncated in both
instances down to 450 m water depth (600 ms TWT, v=1.5 km/s).
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Fig 9 Southernmost M94 seismic reflection profile south of the ECPD and close to the Yucatan
Strait. ECB1-3 were identified by jump correlation. For other abbreviations see Fig. 3.
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Fig 10 Vintage seismic reflection profile GT3-62 (Buffler 1977) across the central ECPD used
for jump correlation from DSDP Site 95. The black arrow marks the cossing location of profile
in Fig. 3. For other abbreviations see Fig. 3.
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5 Interpretation and Discussion
5.1 Stratigraphic constrains from DSDP Site 95.

To constrain the stratigraphic interpretation of lower units ECB1-3, two steps were taken. First,
we scaled the GT2-16 profile and a section of DSDP Site 95 pre-site data (Worzel et al. 1973)
the same and plotted them against each other (Fig. 11). The quality and vertical resolution of
the two data are different, so few conclusions can be drawn. One important result is that the
Cretaceous-Paleocene boundary can be identified and that ECB1-2 corresponds to Lower
Cretaceous strata and ECB3 to Upper Cretaceous strata. Jump correlation by comparing
unconformities and internal reflection patterns of the profiles in Figs 10, 11 across the Catoche
tongue (Fig 1) allows the temporal placement of units ECB1-3 in the ECB.

A second jump correlation was required to identify ECB1-3 in the southern profiles (Figs 8, 9)
of Fig 7. Because the previously described ECB4-8 seismic units exhibit considerable
variability above 1500 m water depth (2 s TWT), no further correlation is proposed between
the Cenozoic stratigraphy of Site 95 and the seismic data in Fig. 11.

5.2 The Campeche Carbonate Platform and the Chicxulub impact

Unit ECBL1 represents the acoustic basement and is imaged best in Fig 10. According to DSDP
Site 95 this unit comprises shallow carbonates of the Campeche Bank. The chaotic and
discontinuous reflection characteristics of ECB2 corresponds with the Selma-Pine Key
depositional sequence on the west Florida Shelf (Randazzo 1997), which seismic signature
Poag (2017) interpreted as the direct consequence of seismic shaking and ground roll by the
nearby Chicxulub impact. Poag (2017) coined the term “shaken and stirred” for this unit. In
fact, Worzel et al. (1973) already noted that the Lower Paleocene chalks drilled at Site 95 in a
water depth of 1663 m are fractured with many of the fractures annealed.
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The amphitheater like headscarp on the ECB and its similarity to the headscarp at the northern
Campeche Bank (Figs 1, 5, 6, 7) corroborates the interpretation that also the ECB was
structurally overprinted by the impact. When adopting the conceptual model by Paull et al.
(2014; their Fig 5), then it was the seismic wave from the impact that resulted in the collapse
of the ECB ca. 200 km along the platform rim. According to Paull et al. (2014), parts of the
failed material was transported into the basin by gravity flows. Some part of this mass transport
deposits (MTD) remained on the decollement. The abbreviation MTC (mass transport
complex) in Fig 1 refers to the combined MTD deposits on the upper slope within the created
accommodation spacem and the exported MTD of the lower slope. Unit ECB3 reveals several
characteristics of an MTD (e.qg., Bull et al., 2009; and references therein). ECB3 is thickest in
the center of the collapsed ECB (Figs 7 and 10), the reflection pattern is mainly chaotic and it
accumulates upslope of the buttresses in the toe domain as in Figs 7 and 9. In the toe domain
and in the center of the MTD, ECB reveals internal thrusts (Fig 7). We consequently attribute
unit ECB3 to this mass transport deposits, which Paull et al. (2014) called the K-Pg Cocktail.
According to the terminology by Martinez et al. (2005), the MTD is frontally emergent in Figs 8
and 9 where the MTD runs over the buttress, but it is frontally confined in Fig 10. Fig 8 shows
that ECB3 accumulated on the terraces at the lower slope. Hence, ECB3 resembles the
characteristics of the remobilized strata at the northern Campeche Bank.

The presence of the “shaken and stirred” unit ECB2 and the K-Pg Cocktail unit ECB3 along in
the northern- and southernmost profiles (Figs 5, 9) and therefore along 240 km along the ECB
rim implies that these deposits are not exclusively present where a major flank collapse
occurred.

5.3 Post K-Pg Stratigraphy and Paleoceanography

Except for the northern most profile (Fig 5), the sediment deposits along the ECB and above
unit ECB3 form a lenticular, convex sediment body, which is built by aggrading strata in the
lower and basin ward prograding strata in the upper part. According to classification schemes
for drifts units ECB4-9 form a typical plastered drift (e.g., Faugéres and Stow, 2008; Rebesco
et al., 2014; and references therein) as already concluded for the mid Pleistocene deposits by
Hubscher and Nirnberg (2023). The infill of the accommodation space that was created by the
Chicxulub impact and the resulting mass wasting can be considered as an infilling drift,
however, since this infilling drift has a continuous transition to the plastered drift to the north
and the south, we refer to this drift as the Eastern Campeche Plastered Drift (ECPD).

In order to further constrain the stratigraphic ages of ECB4-9, we compare the reflection
characteristics of individual units with those of the depositional systems on the western Florida
Shelf, where stratigraphic ages were constrained by biostratigraphic markers and volcanic ash
dating (Fig 2; Gardulski et al. 1991).

As summarized in Fig 2b, Maastrichtian to Late Oligocene deposits are aggradational on the
West Florida Shelf and so is unit ECB4. Since a significant difference between the current
strength between ECB and Florida is difficult to assume, we relate ECB 4 to the post K-Pg to
Late Oligocene deposits. Aggradational deposition is an evidence for sedimentation in
accommodation space below the deep base level. The term deep base level was coined by
Hubscher et al. (2016) and describes the vertical boundary between erosion and sedimentation
in subaqueous, particularly deep-water environment. The deep base level can be controlled
by, e.g., bottom and contour currents (Hibscher et al. 2016; 2019), surface currents or internal
waves (Qayyum et al. 2017; Hubscher and Nirnberg 2023).
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When the Loop Current developed after the closure of the Suwannee Strait (Fig 2f) and flow
strength increased due to the narrowing of the CAS, prograding clinoforms developed on the
West Florida Shelf until the Middle Miocene. The surface (Loop) current increase as well as
the Late Oligocene eustatic sea level fall (Fig 2i) caused therewith a relative deep base level
fall that prevented sedimentation above, hence, progradation. This concept does not exclude
enhanced off-bank transport by enhanced carbonate production. At the West Florida Shelf the
prograding clinoforms downlapped on the topset of the Late Oligocene aggradational deposits
on the West Florida Shelf (Fig 2c). At the ECB, the unconformity that marks the transition from
aggradation to progradation separates units ECB4 and ECB5 (Fig 7). Unit ECB6 conformably
overlies ECB5, so we attribute ECB5 and ECB6 to the same time interval from late Oligocene
to Middle-Late Miocene during similar oceanic conditions and constant deep base level depth.

In the Middle to Late Miocene, progradational deposition transitioned back to aggradation on
the West Florida Shelf (Fig 2d). Gardulski et al. (1991) attributed this transition to a significant
intensification of the Loop Current when the west-bound current into the Pacific was deflected
by the shallowing of the CAS (Fig 2h). According to these authors, the increased southward
flow hampered significant off-bank transport from the Florida Shelf. The unconformity between
prograding (bottom) and aggrading strata was called the Mid-Miocene Unconformity (MMU)
(Gardulski et al. 1991).

The transition from progradation to aggradation is not observed on the ECB. Unit ECB7 marks
a general downslope shift of deposition (Fig 6), a decrease of aggradtion and increase in
progradation, and internal reflection terminate as a downlap against its basal boundary (Figs
7, 10). Since an increase in Loop Current vigor should shift the deep base level fall further
down, causing, e.g., hon-deposition or truncation in water depth which were previously below
the deep base leve, we associate the base of unit ECB7 with the MMU.

Since units ECB6 and ECB7 are truncated above ca. 380 m (0.5 s TWT) it cannot be
reconstructed whether this units were previously aggradational further upslope. In the seismic
profile in Fig 7, the offlapping, prograding clinoforms of unit ECB8 resemble the forced
regression systems tract like clinoform that was previously imaged in 4 kHz parametric
sediment echosounder data by Hilbscher and Nirnberg (2023).

In the northern study area, ECB7 is an upward convex drift deposit (Figs 6, 10). In the central
drift deposition unit ECB7 forms a prograding and sigmoidal clinoform fading out downslope at
1.15 s TWT, which corresponds to ca. 860 m present day water depth (Fig 7). The deep base
level concept explains the different deposition pattern of ECB6 and ECB7. The increasing Loop
Current strength pushed the deep base level down to ca. 520 m, causing erosional truncation
of ECB6 and ECB7 as well as the offlapping clinoforms in Fig 7. The falling deep base level
further explains the progradation and truncation of the upper strata close to the Yucatan Strait
(Figs 8 and 9). Since these seismic units are thinner in Fig 5, 6 and 10 and, hence, located in
deeper water depths, deposition was not affected by the deep base level above.

The sigmoidal prograding unit ECB9 in Fig 6 (see blowup) ECB9 overlies the toplapping ECB8
strata, and in Fig 7 the ECB9 strata are onlapping. Both features document a deep base level
rise. This transgressive systems tracts like unit overlies the MPUC and developed during the
MPT, implying a weakening of the Loop Current since then (see Hibscher and Niurnberg 2023
for discussion).

The here proposed interaction between plate tectonics, oceanic currents and plastered drift
deposition is based on a rather coarse grid of seismic profiles, constrained by jump correlation
between the seismic data from this study and vintage data from the West Florida Shelf where
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the seismo-stratigraphy was constrained by core data. The lack of in situ age constrains for
the ECB does not allow more detailed conclusions, but the derived explanations are consistent
with finding on the conjugate shelf.

5.4 Faults, slumps and pockmarks

Several faults connect to the truncated incisions into the seafloor in Fig 7, which implies that
warping of the strata below is caused by lateral velocity variation or scattering effects, so called
velocity pull-ups or push-downs (e.g., Frahm et al., 2021).

Most of the numerous near vertical faults within units ECB4-6 do not propagate to the seafloor.
A plate tectonic origin of those faults is unlikely, which are not connected with deep-rooted
faults. As summarized by Cartwright (2011), those layer-bound faults of a hon-tectonic origin
have been observed in 2D-seismic data already in the 1980s (e.g., Buckley and Grant 1985)
and were interpreted as dewatering structures. By using 3D-seismic Cartwright (2004a, b)
showed later that this are polygonal faults, a characteristic that we cannot test with the seismic
lines of this study. Explaining the layer-bound faults purely by dewatering does not explain all
observations. For example, the faults occur more frequently in the upper and lower parts of the
ECPD (Figs 5, 7). Further, Fig 10 shows a scarp at the seafloor, below which a listric fault
extends down into ECB3. Within unit ECB3, divergent reflections and overthrusts are then
seen in the hangingwall domain, which suggest downslope movement. These observations
suggest that the shear strength at the base of unit ECB4 or within ECB3 is so low that minor
downslope creep of unit ECB4, in Fig 7 also within ECB3 occurs, possibly simply triggered by
gravitational forces. If this interpretation holds, the location of dewatering faults in the upslope
domain of the creep would be facilitated by small-scale extension and by compression in the
toe domain. Creep like submarine land sliding in carbonate ooze dominated drift deposits and
along low-angle slopes has recently been shown by Lidmann et al. (2021). The drift deposits
in the Maldives carbonate platform as discussed by these authors show similar wavy reflection
characteristics, which they attributed to ascending fluids, hence reducing the sediment shear
strength. Also, this explanation is in line with the observations here.

The presence of several mass failures in our study, most pronounced in Fig 3 and the
according cross profile in Fig 6, further corroborated the interpretation of reduced shear
strength within unit ECB4. Worzel et al. (1973) concluded already from the interpretation of
DSDP Leg 10 pre-site survey seismic data that slumping occurred throughout the Cenozoic
along the ECB.

The small down warped reflections of high reflection amplitude within unit ECB8 in the
northernmost profile (Fig 5) are typical for buried gas escape structures, so called pockmarks
(Hovland and Judd 1988). Multibeam data that were collected along that profile show
pockmarks also on the seafloor (Hibscher and Nurnberg, 2023). Analysis of satellite synthetic
aperture radar mapping showed oils and gas seepage on the sea surface at the southern ECB
(Kennicut 2017), so it is very likely that active hydrocarbons escape started at the ECB during
deposition of units ECB8-9 and the Pleistocene, respectively. Pockmarks on carbonate
plattforms has been previously observed, e.g., at the Maldives (Betzler et al., 2011). We can
just speculate that the source rock is part of the Oxfordian (Upper Jurassic) hydrocarbon
system, which according to Hood et al. (2002) is the southernmost source rock in the Gulf of
Mexico. The organic matter deposited during Oceanic Anoxic Events (Schlanger and Jenkyns
1976) may offer be considered as potential sources. The escape of fluids on the sea floor
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needs further attention, since expelling hydrocarbons may influence water chemistry as well
as flora and fauna habitats (Judd and Hovland 2009; Idczak et al. 2020).

6. Conclusions

We present the first detailed seismic reflection seismic study of the deep-sea record of the
Chicxulub impact at the K-Pg boundary and the oceanic current controlled depositional
evolution of a plastered drift on the ECB. The seismic wave induced by the Chicxulub impact
caused the collapse of the ECB over a length of ca. 200 km, hence creating accommodation
space for the ECPD. The internal structure of Upper Cretaceous strata was disintegrated. The
failed material was partly transported downslope. Another part remained on the decollement
and formed in dependency of the presence and height of a buttress a frontally confined or
frontally emergent mass transport deposit. The observation of these processes, that were
previously observed at the northern Campeche Bank only, documents the devasting energy
that a meteorite impact induces into the earth system.

The closure of the Suwannee Strait in the Late Oligocene and the shallowing and later on the
closure of the CAS in the Mid to Late Miocene controlled the Loop Current variability in space
and time, which in turn controlled the deep base level and therewith the transition from
aggradational to progradational deposition of the ECPD. The deep base level concept proved
to be a useful tool for explaining depositional pattern on continental slope.

Since the Loop Current transports heat from the western Atlantic warm water pool into the
North Atlantic, from where heat and moisture is forwarded to NW Europe by the Gulf Stream,
the ECPD represents an archive for the paleoenvironment of the northern hemisphere. The
disclosure of this East Campeche Bank archive needs future attention by interdisciplinary earth
system researchers.
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Figure captions

Fig 1 Bathymetric map of southern Gulf of Mexico with adjacent Yucatan and Florida straits.
The yellow lines mark the seismic profiles, the label indicate the figure numbers. MTC: mass
transport complex. The location of the Chicxulub impact crater is indicated according to Paull
et al. (2014). Concentric rings indicate the impact induced seismic wave.

Fig 2 Conceptual sketch showing the four major depositional systems identified by Gardulski
et al. (1991) in the context of paleo-circulation (a-h) and eustasy (i). Red dot in paleo-cirulation
maps indicate study area of Mullins et al. (1988) and Gardulski et al, (1991). Red rectangle
indicates working area of this study. GT: Gulf Trough; SS: Suwannee Strait.

Fig 3 Contour parallel M94 seismic reflection profile. Arrows indicate crossing dip profiles. The
profile location is drawn in the insert map as red line. Seismo-stratigraphic units are labeled
ECB1-9 (East Campeche Bank). MPUC marks the Mid Pleistocene unconformity and
correlated conformity according to Hibscher and Nirnberg (2023). MMU: Mid Miocene
Unconformity. A clean version of the seismic profile is shown in Fig S1.

Fig 4 Overview about seismo-stratigraphic scheme. IK: Lower Cretaceous; uK: upper
Cretaceous; Pg: Paleogene; Pa: Paleocene; uOl: upper Oligocene; Mio: Miocene; mMio:
middle Miocene; MMU: Mid-Miocene Unconformity; MPT: Mid-Pleistocene Transition; MPUC:
Mid-Pleistocene Unconformity / Conformity.

Fig 5 Northernmost M94 seismic reflection profile outside the ECPD (East Campeche
Plastered Drift). Cold-water coral (CWC) and the small drift according to Hiibscher et al. (2010).
The profile location is drawn in the insert map as red line. The black arrow marks the cossing
location of profile in Fig. 3. MTD: Mass transport deposit. For other abbreviations see Fig. 3. A
clean version of the seismic profile is shown in Fig S2.

Fig 6 M94 seismic reflection profile across the northern end of the ECPD. The profile location
is drawn in the insert map as red line. Red arrows mark reflection terminations. The black arrow
marks the cossing location of profile in Fig. 3. MTD: Mass transport deposit. For other
abbreviations see Fig. 3. A clean version of the seismic profile is shown in Fig S3.

Fig 7 M94 Seismic reflection profile across the central ECPD. The profile location is drawn in
the insert map as red line. The black arrow marks the cossing location of profile in Fig. 3. Red
arrows mark reflection terminations. For other abbreviations see Fig. 3. A clean version of the
seismic profile is shown in Fig S4.

Fig 8 M94 seismic reflection profile across the southern ECPD. ECB1-3 are identified from
jump correlation. MTD: Mass transport deposit. The profile location is drawn in the insert map
as red line. Red arrows mark reflection terminations. For other abbreviations see Fig. 3. A
clean version of the seismic profile is shown in Fig S5.
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Fig 9 Southernmost M94 seismic reflection profile south of the ECPD and close to the Yucatan
Strait. ECB1-3 were identified by jump correlation. For other abbreviations see Fig. 3. A clean
version of the seismic profile is shown in Fig S6.

Fig 10 Vintage seismic reflection profile GT3 62 (Buffler 1977) across the central ECPD used
for jump correlation from DSDP Site 95. The black arrow marks the cossing location of profile
in Fig. 3. For other abbreviations see Fig. 3. A clean version of the seismic profile is shown in
Fig S7.

Fig 11 Left: Vintage seismic reflection profile GT2 16 (Buffler 1977) crossing DSDP Site 95.
Right: Scan of pre-site survey data for DSDP Site 95 (Worzel et al. 1973). TD: Total Depth; IK:
Lower Cretaceous; uK: Upper Cretaceous; Pa: Paleocene, E: Eocene; Ol: Oligocene; PP:
Pliocene-Pleistocene.
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