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Abstract–Seismic data across the offshore half of the Chicxulub impact crater reveal a 145 km-
diameter post-impact basin to be a thickening of Tertiary sediment, which thickens by ~0.7 sec from
the basin margin to the basin center. The basin existed long after the impact and was gradually infilled
to its current flat surface. A suite of seismic horizons within the impact basin have been picked on four
reflection lines across the crater. They reveal that the western and northwestern parts of the impact
basin were filled first. Subsequently, there was a dramatic change in the depositional environment,
indicated by an unconformable surface that can be mapped across the entire basin. A prograding shelf
sequence downlaps onto this unconformity in the eastern basin. The seismic stratigraphic relationships
suggest a marine regression, with sedimentation becoming gradually more passive as sediments fill the
eastern part of the impact basin. The central and northeastern parts of the basin are filled last. 

The onshore hole Yaxcopoil-1 (Yax-1), which was drilled on the flanks of the southern basin, has
been projected onto the offshore seismic data to the west of the crater center. Using dates obtained
from this onshore well and regional data, approximate ages have been placed on the most significant
horizons in the offshore seismic data. Our preliminary interpretation is that the western and
northwestern basins were almost entirely filled by 40 Ma and that the marine regression observed in
the eastern basin is early Miocene in age. Offshore seismic stratigraphic analyses and onshore data
within Yax-1 suggest that the early Paleocene is highly attenuated across the impact basin. The
Mesozoic section appears to be ~1 km thicker offshore than onshore. We calculate that, given this
offshore thickening, the volume of Mesozoic rocks that have been excavated, melted, or vaporized
during impact is around 15% larger than expected from calculations that assume the offshore
thickness is equal to that onshore. This has significant consequences for any environmental
calculations. The current offset between the K-T boundary outside and inside the crater is ~700 m.
However, infilling of basins with sediments is usually accompanied by subsidence, and immediately
following the impact, the difference would have been smaller. We calculate the original topographic
offset on the K-T boundary to have been between 450 and 700 m, which is in agreement with depth-
diameter scaling laws for a mixed target. 

INTRODUCTION

The British Institutions Reflection Profiling Syndicate
(BIRPS) acquired ~650 km of a marine seismic reflection
profile across the crater (Chicx-A, A1, B, and C in Fig. 1) in
1996. Seismic data were recorded to 18 sec two-way travel-
time (TWTT) on a 240-channel 6 km streamer using a 50 m
shot spacing. The reflection data have been published in
Morgan et al. (1997) and Morgan and Warner (1999). Figure 2
shows a section of the seismic data along Chicx-A and A1.
Closely-spaced high frequency reflectors within the impact

basin between 0 and 1 sec TWTT are labeled as Tertiary, and
those outside the basin between 0.5 and 2.5 sec are labelled as
Mesozoic. These interpretations are based on comparisons
with onshore well data and were used by Camargo-Zanoguera
and Suárez-Reynoso (1994) in their interpretation of seismic
reflection data acquired by PeMex (Petróleos Mexicanos).
These data reveal a basin with an ~80 km-diameter
topographic ring that appears analogous to peak rings
observed on other planetary bodies (Grieve and Therriault
2004). We use the peak ring to divide the impact basin into two
regions: the central basin and annular trough (Fig. 2).
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In the first half of this paper, we investigate post-impact
sedimentation within the impact basin. Seismic horizons have
been tracked across the crater on the four BIRPS lines. To
define points of change in the depositional environment, as
well as a detailed stratigraphy of sediment infill, many seismic
horizons have been picked. However, in our interpretations,
we bear in mind that we have 2D data and cannot represent 3D
structure accurately. We then introduce onshore borehole
Yax-1 and use stratigraphic data from this borehole and
regional observations to assign preliminary ages to our main
seismic horizons. In the discussion, we summarize some
observations that have arisen from this work.

HORIZON PICKING AND INFILL 
INTERPRETATIONS

The program Seisworks was used for horizon picking.
The horizons have been picked by starting at the point where
the reflector has the strongest amplitude, and once picked,
each horizon is then highlighted with a particular color.
Picking a horizon may be done by “point picking,” where the
interpreter chooses the points on the line, or by “auto
picking,” where Seisworks uses either dip or amplitude to
pick the horizon. Both of these methods were employed. Auto
picking worked best where reflectors have high amplitudes

Fig. 1. A map showing the location of the BIRPS seismic reflection profiles and onshore drill holes within the impact basin: Yax-1, C1, S1,
and Y6.  The arrow leading from Yax-1 indicates the projection of this borehole on to seismic line Chicx-A. SP is a shotpoint number.

Fig. 2. Seismic reflection profile along part of Chicx-A and -A1; see the shotpoint map (Fig. 1) for location. The post-impact sediments are
identified as high frequency reflections from 0 to ~1 sec TWTT. We refer to the area inside the peak ring as the central basin and the area
outside the peak ring as the annular trough.
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and are continuous. Point picking was necessary where
reflectors were discontinuous or where reflection amplitudes
showed rapid lateral variations.

Seismic stratigraphic methods, which are based on
variations in seismic facies (e.g., reflector amplitude,
continuity, configuration) and reflector geometries and
terminations (see papers in Vail et al. [1977]), were used to
divide the Tertiary stratigraphy into the stratal packages
described below. The K-T boundary was chosen with the
assumption that the base of the high frequency reflectors
represented the earliest Tertiary sediments; the picked
boundary is in broad agreement with onshore borehole data
(Ward et al. 1995; Sharpton et al. 1996). By K-T boundary, we
mean the point after which Paleocene sediments are first
deposited. We recognize that there is some ambiguity in the
precise choice of this horizon, particularly as impact breccia
deposits can be layered and may have a similar seismic
character to Paleocene sediments. To better illustrate the
horizon picking, we start with closeups of the data.

Western Annular Trough

The western annular trough is shown in Fig. 3. The range
of possible horizons for the K-T boundary are picked in the
lower part of unit 1. Our preferred K-T boundary reflector is
highlighted in green in Fig. 3 but may well correspond to the
next picked reflector highlighted in dark purple or somewhere
between the two (Fig. 3). On the basis of changes in seismic
facies and reflector configurations, the western margin has
been split into four stratal units. Unit 1 contains the first few

reflectors that are broadly concordant with the picked K-T
boundary (between green and pink horizons). Unit 1 can be
subdivided into lower and upper parts (a and b, respectively,
in Fig. 3) that are separated by the dark purple reflector
(highlighted as the upper potential K-T boundary reflector in
Fig. 3); reflectors in the upper part of unit 1 onlap the purple
reflector around a local high in the western part of the trough.
Unit 2 consists of strong continuous sub-horizontal reflectors,
several of which onlap the top reflector of unit 1 toward both
the western and eastern margins of the trough (see Fig. 3).
This reflector configuration indicates that the deepest part of
the annular trough contains the thickest section of earliest
basin-fill strata. 

Unit 3 comprises a series of discontinuous, low
amplitude reflectors (between light green and light blue
horizons). The boundary between units 2 and 3 follows the
shape of the K-T boundary. The upper part of this third unit
contains a package of parallel, eastward-dipping clinoforms
dipping at 3–4° that downlap onto a continuous horizon
within the unit (Fig. 3). Clinoform reflectors show toplap, and
the overall clinoform package extends ~23 km from west to
east. Unit 3 wedges out toward the east, suggesting that it has
been deposited from the west. The clinoforms within this unit
also indicate overall progradation of a slope toward the east.
Clinoform height can be used to indicate paleo-water depth
(White et al. 1992), with the assumption that the tops of the
clinoforms were approximately at sea-level. Here, the
clinoforms suggest a paleo-water depth of ~100 m.

Unit 4 consists mainly of strong continuous reflectors
that are interspersed with poorly defined packages of

Fig. 3. Closeup of picked horizons on the seismic reflection profile across the western annular trough on Chicx-A. See the shotpoint map
(Fig. 1) for the location. The white bars and numbers indicate the location of the four picked stratal units; unit 1 is split into packages a and b.
Yax-1 shows the projected location of the onshore borehole (see Fig. 1 for projection). 
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eastward-dipping clinoforms. Strong continuous reflectors in
the upper part of unit 4 display apparent angular truncation or
toplap at the uppermost reflection surface of the unit (see
Fig. 3). The top of unit 4 (yellow reflector) provides a major
marker boundary for a change in depositional environment
across the basin that is most clearly observed in the eastern
annular trough on Chicx-A1 (see Fig. 4). 

Eastern Annular Trough

The eastern margin shows a very different infill history
from that of the western trough (Fig. 4). Reflectors from units
1, 3, and 4 may be traced from Chicx-A to -A1, and they are
all concordant with the reflector interpreted as the K-T

boundary (Fig. 5). The boundary between units 4 and 5
(reflector colored yellow) reveals a major change in
deposition. In the eastern margin, reflectors in unit 5 downlap
on to the top reflector of unit 4.

Unit 5 consists of a series of reflectors with complex
geometries that are well-resolved in the data. The first
reflectors deposited on the edge of the eastern basin possess
the geometry of relatively steep (5–8°), westward-dipping
sigmoid-oblique clinoforms (between yellow and dark blue
horizons, labeled [a] in Fig. 4). Within this clinoform
package, the older clinoform reflectors exhibit successive
offlap from one another. The overall geometry is typical of a
prograding slope, while the offlap relationship indicates
regression during falling relative sea-level. This package is

Fig. 4. Closeup of picked horizons on the seismic reflection profile across the eastern annular trough on Chicx-A1. See the shotpoint map
(Fig. 1) for the location. The white bar indicates the location of stratal unit 5; unit 5 is split into packages a and b. 

Fig. 5. Picked horizons across the impact basin on the seismic reflection profiles Chicx-A and -A1. See the shotpoint map (Fig. 1) for the
location. The white bar indicates the location of picked stratal unit 6. Chicx-B and Chicx-C indicate the positions where these lines cross
Chicx-A and -A1.
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overlain by a second clinoform package, in which reflectors
exhibit much shallower dips (1–2°) and parallel geometries
(between two dark blue horizons, labeled [b] in Fig. 4). The
lower part of this second clinoform package contains
discontinuous, low-amplitude reflectors with poorly resolved
chaotic and mounded geometries that suggest a mass flow
deposit resulting from collapse of the underlying, steeper
clinoform unit. The decrease in westward dip between the
first and second clinoform packages is consistent with either a
paleogeographic re-orientation of the clinoform/slope system
or evolution to a gentler slope after mass wasting. Deposition
of these two clinoform packages is likely to correspond to
relatively fast sedimentation. Reflectors immediately above
the two packages show draping and onlap of the clinoform
surfaces, indicative of a more passive stage of sedimentation,
or a further paleogeographic re-orientation of the clinoform/
slope system (see mustard yellow and bright green reflectors
in Fig. 4). As unit 5 thins toward the west and contains
westward-dipping clinoforms, it is likely that this unit was
deposited from the east.

There are no lithological data to constrain the nature of
the clinoform/slope systems in the western margin of units 3
and 4 (Fig. 3) or the eastern margin of unit 5 (Fig. 4). However,
their scale, 2D geometry, and seismic facies character are
suggestive of either a siliciclastic delta system, which
typically exhibits clinoform/delta front dips of 1–5°, or a
gentle, non-reefal carbonate slope such as that developed at
the leeward margin of the Bahamas platform (2–6° clinoform/
slope dip; Eberli and Ginsburg 1987). Either interpretation
implies infilling of significant bathymetry within the eastern
part of the crater basin during deposition of unit 5, where the
height of the clinoforms implies an approximate paleo-water
depth of 350 m. A carbonate slope interpretation appears more
consistent with sparse onshore data that suggest an absence of
Tertiary siliciclastic sediment (Galloway et al. 1991) and
implies that crater bathymetry was infilled by the growth and
coalescence of separate carbonate platforms in a manner
directly analogous to the formation of the Great Bahama Bank
(Eberli and Ginsburg 1987). Alternatively, a deltaic
interpretation for one or more clinoform packages implies
widespread emergence and bypass of siliciclastic sediment
across the Yucatán platform, consistent with development of a
sequence boundary during a relative sea-level lowstand.

Onshore data indicate that a widespread unconformity
was developed across the shallower part of the Yucatán
platform during the late Oligocene to early Miocene, probably
caused by a pronounced relative sea-level fall (Galloway et al.
1991). We speculate that this base-Miocene unconformity
may correlate to the offlapping clinoform/slope geometries
observed in the lower part of unit 5, which record a net
relative sea-level fall of 50–100 m during clinoform/slope
regression. This would give an approximate age of 23 Ma for
the lower part of unit 5. Provisional biostratigraphic work
from the Campeche Shelf, west of the Yucatán Peninsula,

indicates unconformities across the Paleocene-Eocene
boundary, the Eocene-Oligocene boundary, and most
markedly, across the middle- to upper-Miocene boundary
(Medina 2001). Correlating this last unconformity to the
offlapping clinoform/slope package implies an age range of
10–15 Ma for the lower part of unit 5.

Central Basin

Unit 6 consists of strong, continuous, parallel reflectors,
and it infills the remaining space within the crater. Reflectors
within the unit are traceable through Chicx-A1 into the west
of Chicx-A, and they onlap the top of unit 5 at the western and
eastern basin margins (Fig. 5). Overall, unit 6 records passive,
sub-horizontal sediment infill marking the final stage of
deposition along Chicx-A and -A1.

Chicx-B and -C

Figure 6 shows a selection of horizons picked along
Chicx-B and Chicx-C. Chicx-B shows a similar pattern of
basin infill to Chicx-A, indicating that the northwestern and
western annular troughs were filled before the eastern trough.
Unlike on other lines, on Chicx-C, the Tertiary thickens
outside the impact basin (see the strata above the picked K-T
boundary reflector, bottom green horizon). Note also that the
depth to the top of unit 4 (yellow reflector) increases to the
northeast of the impact basin. 

YAXCOPOIL-1

As there are no offshore drill holes close by, Yax-1 is
currently the best source for stratigraphic data within the
impact basin. Yax-1 was cored between 400 and 1500 m.
Cretaceous rocks were drilled between ~900 and 1500 m,
impactites between ~800 and 900 m, and Tertiary rocks above
~794 m (Dressler et al. 2003; Arz et al. 2004; Keller et al.
2004). The onshore borehole Yax-1 has been projected along a
line of constant radius onto the seismic data in the western
basin (see Figs. 1 and 3). We use this projection because the
offshore/onshore potential field data are more comparable in
this direction than to the east of the crater (Sharpton et al.
1996; Hildebrand et al. 1998). However, we recognize that this
is a long way to project stratigraphic data, especially given the
observed variation in the offshore seismic stratigraphy in
different directions (Figs. 3–6).

Figure 7 summarizes the results from the horizon picking.
In Fig. 7a, the six interpreted stratal units are shown, as well as
the projected location of Yax-1. Two-way travel-time has been
converted to depth using seismic refraction velocities of
Christeson et al. (1999) and Morgan et al. (2002). We note that
the depth to the K-T boundary in Yax-1 is the same as that
calculated for Chicx-A at the same radial distance (~800 m).
Thus, as far as we can tell, the gradual thickening of the
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Tertiary section observed offshore (Fig. 2) is in agreement
with all the onshore well data. In Fig. 7b, dates have been
assigned to some of the boundaries using stratigraphic data
from Yax-1 and regional data. To date, stratigraphic ages in the
Tertiary rocks have been provided for the top of the Yax-1 core
by Smit et al. (2004) and at the base of the Tertiary by
Stinnesbeck et al. (2003), Smit et al. (2004), Arz et al. (2004),
and Keller et al. (2004). As discussed above, we interpret the
K-T boundary to be one of a sequence of reflectors that we
labeled as unit 1 and, thus, assign an age of 65 Ma to this unit.
Lower Paleocene fossils are observed between ~780 and 794
m in Yax-1, and from our projection of Yax-1 onto the seismic
data (Fig. 7a), this unit is intersected at ~800 m. Yax-1 samples
between 400–450 m have been dated as lower to middle
Eocene (40.2–43.5 Ma) by Smit et al. (2004). The base of
unit 4 occurs at a depth of ~360 m (Fig. 7a), and using our
projection of Yax-1, we have assigned a provisional age of ~40
Ma (rounded to the nearest 5 Ma) to this boundary. Note that
this assumes that the crater has a similar infill history in the
southern and westerly parts of the basin. Using regional data,
we interpret the oldest sediments in unit 5 to be ~23 Ma, as
they represent a likely correlative to a widespread
unconformity of this age developed onshore (Galloway et al.
1991). An alternative correlation of these strata to an

unconformity on the Campeche shelf (Medina 2001) provides
an age of 10–15 Ma for their deposition. Given the distance
that we are projecting for the Yax-1 stratigraphic data, as well
as the sparse nature of the regional data, we emphasize that our
dating is preliminary at best.

DISCUSSION

Our seismic stratigraphic analyses indicate that the
impact basin was gradually infilled to its current flat surface.
The western and northwestern parts of the impact basin were
filled first. Subsequently, there was a dramatic change in
depositional environment, indicated by an unconformable
surface that can be mapped across the entire basin. A
prograding shelf sequence downlaps on to this unconformity
in the eastern basin. The seismic stratigraphic relationships
suggest a marine regression, with sedimentation becoming
gradually more passive as sediments fill the eastern part of the
impact basin. The central and northeastern parts of the basin
were filled last. 

Thickness of the Early Paleocene Section

Offshore, the thickest sequence of early crater fill

Fig. 6. Picked horizons across the impact basin on seismic reflection profiles Chicx-B and -C. See the shotpoint map (Fig. 1) for the location.
The white bars and numbers indicate the location of picked stratal units. Chicx-A indicates the positions where this line crosses Chicx-B and -C.
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deposits lie in the deepest part of the western basin (unit 2 in
Fig. 7a), and these deposits onlap the interpreted location of
the K-T boundary (unit 1). This reflector configuration
indicates that unit 2 is likely to be early Paleocene in age and
that, outside of the deepest part of the western trough, we
might expect rocks of this age to be attenuated or missing.
However, we note that the vertical resolution of seismic data
at this depth is ~25 m, and we cannot identify packages of
beds that are significantly thinner than this. Biostratigraphic
data in Yax-1 reveal a highly condensed Danian section
(Stinnesbeck et al. 2003; Arz et al. 2004; Keller et al. 2004),
which is supported by the switch from magnetochron 29r to
29N a few cm after the first Tertiary fossils appear
(Rebolledo-Vieyra et al. 2004). In conclusion, offshore
seismic stratigraphic analyses and onshore data within Yax-1
suggest that the early Paleocene might be highly condensed
across the impact basin.

Thickness of the Mesozoic Section 

One notable observation from the marine seismic
reflection data is that the Cretaceous sediments are almost

certainly thicker offshore than onshore. Figure 8 shows the
thickness of the Mesozoic section in the onshore wells,
although the entire section has only been penetrated in well
Y1. Offshore, we show the calculated thickness of the
Mesozoic rocks outside of any major disruption of the target
rocks. The TWTT through the section interpreted as
Mesozoic on lines Chicx-A, -A1, -B, -C, PeMex-1, and -2
varies between 1.3 and 1.4 sec. We have converted reflection
times to depths using velocities from cores and sonic logs in
Yax-1. Velocity varies within the various Cretaceous
lithologies: the calcarenites in Yax-1 have velocities between
4.5 and 5.0 kms−1, while the dolomites have velocities of
around 6.2 kms−1 (Vermeesch and Morgan 2004). As Yax-1
penetrates target rocks that are likely to have been disturbed
by the impact, we might expect the velocities in these rocks to
be slightly lower than those further out from the center. We
have used an average velocity for the Mesozoic section of
5.4 kms−1, but the average velocity could realistically vary
between 5.2 and 5.6 kms−1, depending on precise lithology.
This range of values is consistent with velocity models
obtained from seismic refraction data (Christeson et al. 1999).
Using these velocities, the offshore thickness of the Mesozoic

Fig. 7. a) Summary of the six picked stratal units along Chicx-A and -A1 displayed in depth. See the shotpoint map (see Fig. 1) for the location;
b) as (a) but with approximate ages on some boundaries. See text for details.
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along the reflection profiles is 3.5 to 3.8 ± 0.2 km (Fig. 8).
These calculations suggest that the Cretaceous sediments are
thicker offshore than onshore.

The observed increase in thickness of the Mesozoic
section offshore has implications for the environmental effect
of this impact. The Chicxulub impact may have been
particularly lethal because the lithologic composition of the
target sediments caused large volumes of carbon and sulfur to
be released (e.g., O’Keefe and Ahrens 1989; Sigurdsson et al.
1992). As the depth of excavation should be greater than
10 km for a crater of this size (e.g., Melosh 1989), the entire
Mesozoic section would have been involved in the impact.
Hence, the thicker the Mesozoic sedimentary layer, the
greater the volume of potential pollutants released. Current
estimates for sedimentary thickness based on onshore data are
between 2.5 and 3.0 km (Camargo-Zanoguera and Suárez-
Reynosa 1994; Ward et al. 1994; Sharpton et al. 1996), but
offshore, the thickness is about 1 km (30%) thicker (Fig. 8).
From this, we can say that the total volume of sediments that
have been shocked, melted, and excavated by this impact is
likely to have been 15% larger than expected from
calculations that assume the offshore thickness was the same
as that measured in onshore data. 

Scaling Laws 

Scaling laws for terrestrial craters are hard to determine
because of post-impact erosion (particularly of the crater rim),
infilling of the impact basin, and other effects. Using
observations from craters on Earth, Grieve and Pesonen (1992)
published two scaling laws for complex terrestrial craters:

where D is the diameter of the crater, and H is the apparent
crater depth (Fig. 9a). Although the first 3 km of the Yucatán
target is sedimentary, this is a large impact, and the crystalline
rocks are also likely to control the final crater form. At
Chicxulub, the crater rim has been eroded (Fig. 9b), and we
cannot determine H or the rim height (hr) directly, but we can
measure H-hr. The crater diameter is estimated to be 190 ±
10 km (Morgan et al. 1997; Hildebrand et al. 1998; Dressler
et al. 2003). Using this diameter in the equations above, the
expected apparent crater depth (H) would be 600 m for a
sedimentary target and 1400 m for a crystalline one. No
scaling laws for rim height (hr) have been put forward for
terrestrial craters, but for complex craters on the Moon, the

Fig. 8. Map showing the estimated thickness of the Mesozoic section from seismic reflection profiles and the measured Mesozoic thickness
in onshore wells. 

H = 0.12D0.3 (sedimentary target)
H = 0.15D0.43 (crystalline target)
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ratio of H/hr is ~2.6 (Pike 1977). The ratio is likely to
be similar on Earth, giving hr values of ~350 and ~550 m and
H-hr values of 250 and 850 m for sedimentary and crystalline
targets, respectively.

The current K-T boundary has an average topography of
about 700 m (Ebbing et al. 2001) between the outside and
inside of the impact basin (Fig. 9b). As sediments infill
tectonic basins, they subside. This is equally likely to occur
within an impact basin. The extra load of the infilling
sediments will push the crater floor down and increase the
topographic offset between the K-T boundary inside and
outside the basin. For small basins, the crust can have enough
strength to resist subsidence, but for an impact basin the size of
Chicxulub, gravitational forces are likely to drive some
subsidence. If we make the assumption that the crust has no
strength, we can calculate the maximum expected subsidence
that would occur if the basin remained in isostatic equilibrium.
The average density of Tertiary platform carbonates outside
the basin is ~2.4 ± 0.1 g/cm−3, while the average density of the
deep water Tertiary marls and carbonates is ~2.1 ± 0.1 g/cm−3

(Vermeesch and Morgan 2004). We have calculated the effect

of back-stripping the post-impact sediments from outside and
inside the impact (i.e., removing 500 m and 1200 m load from
these two areas, respectively) on crater topography. Our
calculations use the key assumptions that the basin was filled
with water and was in isostatic equilibrium immediately after
the impact. With these values and assumptions, the original
topographic offset on the K-T boundary would have been
around 450 m (Fig. 9c). 

We propose that, immediately after impact at Chicxulub,
H-hr would have been between 450 and 700 m, and the
precise value would depend upon the elastic thickness of the
crust and the time constant for crustal relaxation. This range is
in agreement with scaling laws and lies between the values
calculated from the scaling laws above: 250 m for a
sedimentary target and 850 m for a crystalline one. 
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