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ABSTRACT
The single largest-known mass wasting deposit has been identi-

fi ed at the Cretaceous-Paleogene (K-Pg) boundary in the deep-water 
Gulf of Mexico, in 31 industry-drilled wells and on seismic data, cor-
responding to the “MCU” (middle Cretaceous unconformity) hori-
zon. The deposit has an average thickness of 10–20 m on the upper 
slope and 90–200 m on the lower slope and basin fl oor, and is on 
an unconformity that represents 9 m.y. to 85 m.y. The deposit con-
tains the distinctive association of lithic fragments, impact-derived 
material, and reworked microfossils (i.e., the Cretaceous-Tertiary 
boundary “cocktail”) associated with the Chicxulub impact, and is 
predominantly composed of graded pelagic carbonates. These new 
fi ndings substantiate widespread slope failure induced by the Chicxu-
lub impact and provide further evidence of a single impact coincident 
with the K-Pg mass extinction.

INTRODUCTION
The bolide impact that formed the 150-km-diameter Chicxulub cra-

ter on the Yucatan Peninsula (Mexico), the largest known Phanerozoic 
impact crater (PASSC, 2012), has been identifi ed as the triggering mecha-
nism for the Cretaceous-Paleogene (K-Pg) mass extinction (Hildebrand et 
al., 1991; Schulte et al., 2010). Before the signifi cance of the Chicxulub 
crater was recognized, studies of shocked minerals and ejecta layer thick-
ness suggested that the impact site was in the Caribbean–Gulf of Mexico 
(GOM) region (e.g., Hildebrand and Boynton, 1990), initiating investiga-
tions of K-Pg boundary deposits in the area. Typically, K-Pg boundary 
deposits in the region are considerably thicker than those found elsewhere, 
although most are <10 m thick (e.g., Smit et al., 1996) with exceptions 
along carbonate platform margins. Thick (50–300 m) carbonate breccia 
deposits produced by collapse of the northwestern Yucatan platform were 
identifi ed at the K-Pg boundary in southeastern Mexico and the Bay of 
Campeche (Grajales-Nishimura et al., 2000). Carbonate breccias as much 
as 300 m thick, interpreted to have been produced by collapse of the east-
ern Yucatan (Carajícara Formation) and Cuban (Peñalver Formation) plat-
forms (Tada et al., 2003), have also been found at the K-Pg boundary in 
outcrops in Cuba. The Cuba deposits are capped by a massive, graded 
(calcarenite to calcilutite) limestone as much as 450 m thick.

Most K-Pg boundary deposits identifi ed in the deep-water GOM and 
Caribbean are unconformable, cross-bedded sandstones and marls <5 m 
thick described from Deep Sea Drilling Project (DSDP) cores, the only 
material available for a time (Alvarez et al., 1992; Bralower et al., 1998). 
Later industry wells have been drilled into the Cretaceous on the northern 
GOM slope, providing a new data set that can be directly tied to an exten-
sive network of seismic data. Examination of publicly available data from 
these wells identifi ed a massive K-Pg boundary deposit throughout the 
deep-water GOM containing the Cretaceous-Tertiary boundary “cocktail” 
of Bralower et al. (1998, p. 331).

METHODS AND MATERIALS
The primary data utilized in this study are biostratigraphic data and 

petro physical logs released by the U.S. Bureau of Ocean Energy Man-
agement (BOEM; https://www.data.boem.gov/homepg/data_center/paleo
/paleo.asp) and Bureau of Safety and Environmental Enforcement (BSEE; 

https://www.data.bsee.gov/homepg/data_center/other/WebStore/master.
asp) from industry wells drilled in the deep-water (>300 m) northern 
GOM. The biostratigraphic data comprise studies of foraminifera and cal-
careous nannofossils from cutting samples, typically at ~9 m intervals. 
Nine of the industry K-Pg boundary penetrations and samples from DSDP 
Sites 536, 538A, and 540 were examined for calcareous nannofossils by 
one of us (Denne). The biostratigraphic top of the K-Pg boundary deposit 
was placed at the highest sample dominated by Cretaceous species; the 
fi rst evolutionary occurrences (bases) of Danian species are not reliable 
because of possible downhole contamination in cutting samples. Assem-
blages were compared against those described as the Cretaceous-Tertiary 
boundary cocktail by Bralower et al. (1998). The ages of biostratigraphic 
datums are from Ogg et al. (2008).

The study used natural gamma ray (GR), resistivity (RES), bulk den-
sity (RHOB), thermal neutron porosity (NPHI), and compressional sonic 
(DTC) petrophysical logs. Sample descriptions were used to verify the 
lithology when available. The layer containing the biostratigraphically 
defi ned K-Pg boundary has a distinctive petrophysical signature, character-
ized by low GR and an elevated RES relative to the bounding lithology. The 
RHOB and NPHI logs indicate a low-porosity carbonate material. These 
characteristics were used to determine the position of the K-Pg boundary 
deposit in wells for which biostratigraphic data have not been released.

The compressional velocity of the deposit is signifi cantly higher 
than the surrounding shales, producing a large impedance contrast. This 
unambiguous tie to a seismic signature allows for mapping on proprietary 
seismic lines in the northern GOM and publicly available seismic lines 
from the University of Texas Institute for Geophysics (www.ig.utexas.edu
/sdc/) in the southern and eastern GOM to ascertain the extent and vari-
ability of the deposit. Poor imaging beneath salt sheets and stratigraphic 
disruptions caused by salt tectonism precluded detailed regional mapping 
of the deposit.

RESULTS
Thirty-three (33) industry wells with publicly available petrophysical 

data have penetrated Cretaceous sediments in the deep-water (>300 m) 
northern GOM (Fig. 1; Table DR1 in the GSA Data Repository1); 31 of 
these wells penetrated a distinctive limestone deposit at the K-Pg bound-
ary. In wells with detailed biostratigraphic data, microfossils observed 
within the K-Pg boundary deposit are a chaotic mixture of species pri-
marily from the early Maastrichtian and late Campanian (ca. 68–78 Ma); 
rare specimens of older forms range in age from Coniacian to pre-Aptian 
(ca. 86 to older than 122 Ma). Species that evolved during the late Maas-
trichtian are present in the deposit, including calcareous nannofossils Mic-
ula murus, M. prinsii, and Lithraphidites quadratus. As M. prinsii evolved 
~400 k.y. before the end of the Cretaceous (Ogg et al., 2008), its presence 
indicates that the deposit is no older than 65.9 Ma. These late Maastrich-
tian species did not coexist with the early Maastrichtian and Campanian 

1GSA Data Repository item 2013275, Table DR1 (33 industry Cretaceous 
penetrations, K-Pg deposit thicknesses, and the amount of missing section for 
each well) and Table DR2 (area and thickness estimates used to determine the 
volume of the K-Pg deposit), is available online at www.geosociety.org/pubs
/ft2013.htm, or on request from editing@geosociety.org or Documents Secretary, 
GSA, P.O. Box 9140, Boulder, CO 80301, USA.
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species, indicating post-depositional mixing. That no typical succession of 
age-diagnostic biostratigraphic events, such as extinctions, evolutionary 
fi rst occurrences, or assemblage changes, is discernible within the deposit 
is further evidence that it contains a mixture of redeposited fossils. This 
microfossil assemblage is identical to the Cretaceous-Tertiary boundary 
cocktail described and interpreted by Bralower et al. (1998) to be a result 
of the Chicxulub impact, implying that the K-Pg boundary deposit dis-
cussed here is also associated with the impact. Foraminiferal assemblages 
are dominated by Maastrichtian and Campanian planktonic forms, with 
rare deep-water benthic foraminifera.

The deposit is 10–67 m thick on the upper slope and ancient struc-
tural highs (Fig. 2A), where it is typically a lime mudstone (calcilutite) 
composed predominantly of pelagic carbonate particles, with the excep-
tion of the AT 336 #1 well, where it is a cross-bedded lime wackestone 
containing shallow-water fossils (Dohmen, 2002). Although thicker, these 
deposits are similar in composition to K-Pg boundary layers described 
from bathyal outcrops in northeastern Mexico (Smit et al., 1996) and 
DSDP sites from the southeastern GOM (Alvarez et al., 1992; Bralower 
et al., 1998).

The deposit on the GOM lower slope is as much as 200 m thick 
(Figs. 2A and 3), and was penetrated by 17 wells; 5 of these wells pen-
etrated the deposit on top of salt sheets that have moved basinward. These 
salt carapace deposits are thinner than other lower slope deposits because 
the salt sheets were structurally high at the time of deposition. On the 
lower slope the deposit is a single massive graded bed composed of 
pelagic carbonate particles, comparable to the massive limestones found 
at the K-Pg boundary on Cuba (Tada et al., 2003). The deposit correlates 
to a laterally continuous couplet of parallel, high-amplitude refl ections 
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Figure 2. A: Map of thickness (m) of Cretaceous-Paleo-
gene boundary deposit penetrated by 33 industry wells. B: 
Amount of time missing (m.y.) underneath deposit in wells 
with released biostratigraphic data that penetrated in situ 
Cretaceous section. Base map is from Blakey (2011).
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found throughout the lower slope and basin fl oor of the GOM (Fig. 4). The 
upper refl ection corresponds to the seismic horizon mapped as the MCU, 
or middle Cretaceous unconformity (e.g., Faust, 1990). Smit and Alvarez 
(1991) speculated that the MCU horizon is the K-Pg boundary; this was 
confi rmed by Dohmen (2002). The lower refl ection truncates underlying 
refl ections in the vicinity of preexisting structures; this is indicative of 
erosion. On regional seismic lines, the deposit is 100–200 m thick on the 

lower slope and basin fl oor, thins on structural highs and salt, and thickens 
to >1000 m in salt-related minibasins.

An unconformity occurs underneath the K-Pg boundary deposit at 
all locations that drilled into underlying in situ section, representing an 
age gap ranging from 9 m.y. to 85 m.y. (Fig. 2B; Table DR1 in the Data 
Repository), corroborating the erosion seen in seismic data. The young-
est sediments beneath the deposit are Campanian calcareous shales con-
taining a Globotruncanella havanensis Zone (ca. 74 Ma) foraminiferal 
assemblage in the MC 379 #1 well and a CC22 Zone (ca. 76 Ma) calcare-
ous nannofossil assemblage in the AC 557 #1 and KC 596 #1 wells. The 
oldest sediments are Jurassic shales (ca. 150 Ma) underneath the deposit 
in the AT 337 #1 well. The largest hiatuses were found beneath thin or 
missing K-Pg boundary deposits on the upper slope and structural highs, 
particularly in the northeastern portion of the study area, probably due to 
a condensed Upper Cretaceous section.

A typical sequence of biostratigraphic events was found in the 
rocks below the K-Pg boundary in those wells that drilled through the 
basal unconformity. The AC 557 #1 well penetrated the most complete 
Cretaceous section on the lower slope, where 480 m of middle Campan-
ian–Hauterivian (ca. 132 Ma) calcareous shales are interbedded with thin-
bedded limestones and sandstones (Fig. 3). Comparison of the rocks pene-
trated by the AC 557 #1 indicates that the K-Pg boundary deposit is unique; 
no other interval in the well exhibits a similar petrophysical response.

DISCUSSION

Deposit Volume
Norris et al. (2000) suggested that the mass wasting deposits identi-

fi ed at the K-Pg boundary in the western North Atlantic represent the most 
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Figure 4. Seismic line (location in Fig. 1) from deep-water Gulf of 
Mexico Green Canyon area demonstrating seismic character of 
Cretaceous-Paleogene (K-Pg) boundary deposit, with truncation of 
underlying refl ections, thinning on structural highs, and onlap of 
overlying Paleocene refl ections. Upper K-Pg boundary refl ection 
corresponds to horizon known as middle Cretaceous unconformity. 
Scales are in kilometers. 
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widespread deposit on Earth, covering an area of 3.9 × 106 km2. With the 
addition of the GOM and proto-Caribbean, a new estimate for the extent 
of this K-Pg boundary deposit is ~11.4 × 106 km2 (Table DR2). Using 
published thicknesses and results from this study, ~58–259 × 103 km3 of 
sediment are estimated to have been redistributed by the Chicxulub impact 
(Table DR2), 43–116 × 103 km3 of which came from the GOM slope and 
basin fl oor. This is an order of magnitude larger than the estimate of >10 
× 103 km3 for the Ayabacas Formation of Peru, which was previously 
thought to be the largest known event deposit (Callot et al., 2008).

Evidence for a Single Impact
A contrasting hypothesis to the link between the Chicxulub impact 

and the K-Pg mass extinctions proposed that the Chicxulub impact pre-
dates the K-Pg boundary by 300 k.y. (Keller et al., 2004), and that there 
were multiple impacts, including an impact larger than Chicxulub, at the 
K-Pg boundary (Keller, 2005). A second smaller crater, 24 km in diameter, 
has been identifi ed in Ukraine, but this impact is unlikely to have caused 
signifi cant devastation (Jolley et al., 2010). Keller et al. (2003, p. 365) 
stated that the single impact scenario “suffers from a lack of evidence 
of large-scale slumping” produced by Chicxulub; however, the well and 
seismic data presented here provide evidence of unprecedented large-
scale slumping caused by Chicxulub, refuting this argument for multiple 
impacts. Conversely, if there had been a bolide impact bigger than Chicxu-
lub at the K-Pg boundary, as posited by Keller (2005), the evidence that 
originally pointed to the GOM–Caribbean region as the impact site (e.g., 
Hildebrand and Boynton, 1990) should have pointed toward this proposed 
impact and not Chicxulub. This purported impact would also be expected 
to have produced an immense deposit for which there is currently no evi-
dence. Therefore, the existence of a separate impact larger than Chicxulub 
at the K-Pg boundary is doubtful.

CONCLUSIONS
The well and seismic evidence presented here supports the con-

clusions of the majority of previous research that a large bolide hit the 
Yucatan Peninsula at the time of the K-Pg boundary (Schulte et al., 
2010). This impact produced seismic shocks that caused the collapse 
of proximal carbonate platforms (Grajales-Nishimura et al., 2000; Tada 
et al., 2003) and unstable shelf margins into the deep-water GOM and 
proto-Caribbean as mass transport complexes. Unconsolidated Maas-
trichtian and late Campanian sediments on the slope and basin fl oor 
were destabilized and suspended into the water column by the seismic 
shock, possibly augmented by hydrate dissociation, turbidity currents, 
and tsunamis, removing almost all of the Upper Cretaceous sediments 
at many upper slope locations. These sediments settled throughout 
the basin as massive graded marls or limestones containing the mixed 
Maastrichtian and Campanian microfossil assemblage, known as the 
Cretaceous-Tertiary boundary cocktail (Bralower et al., 1998). In the 
GOM, the resulting deposit ranges in thickness from tens of meters on 
the upper slope to hundreds of meters on the lower slope and basin fl oor, 
with the top of the deposit correlating to the seismic horizon originally 
mapped as the MCU. The overall deposit in the GOM, Caribbean, and 
the North Atlantic is the largest known submarine event deposit, and is 
an order of magnitude larger than any other known deposit. This new 
evidence does not preclude the possibility of other causal factors for the 
K-Pg mass extinction, but it does place doubt on assertions that there 
were multiple impacts, while providing crucial evidence of the impact’s 
destructive effects on the GOM region.
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