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|ABSTRACT |

Continuous core recovery, core scanning and logging are used for borehole characterization and petrophysical
analyses in the Chicxulub drilling projects. The crater formed by an asteroid impact on the Yucatan platform
~66Ma ago, marking the Cretaceous/Paleogene (K/Pg) boundary. The K/Pg boundary clay layer, characterized by
the Ir and platinum group element anomaly, has been studied worldwide. The crater has a ~200km rim diameter
and is covered by up to ~1 km of carbonate sediments, with studies based on geophysical surveys, drilling and ejecta
deposits. The Yaxcopoil-1 borehole, drilled in the southern crater terrace zone sampled the post-impact carbonates,
impact breccias and target Cretaceous carbonates. The MOO77A borehole drilled in the marine sector sampled
the peak ring succession, with the post-impact carbonates, impact breccias, melt and basement. The Yaxcopoil-1
and MO077A boreholes were continuously cored from about 400m to 1511 and 1335m, respectively and sampled
distinct crater structures. Studies provide constraints on the crater formation, crustal deformation, lateral/vertical
displacement, ejecta emplacement and crater collapse. Impact breccias are heterogeneous materials, with clasts
of melt, carbonates and basement in carbonate-rich and melt-rich matrix. The lower breccias were emplaced by
high-temperature basal surges, followed by collapse of the impact plume and lateral curtains. The upper breccias
are reworked deposits of the post-collapse stage. The crater formed a depositional basin, filled with sediments
that preserve records of sea level and sediment transport across the platform. Core analyses and scans provide
constraints on the structure, stratigraphy, textures, mineralogy, deformation and hydrothermal alteration. Studies
show the usefulness of continuous coring and core analyses to constrain the crater formation, impact deformation,
ejecta and impact dynamics.

Chicxulub crater, Yaxcopoil-1 horehole, Post-impact carbonates, Impactites, Target carbonates, Core analysis, Physical properties,
Yucatan, Gulf of Mexico
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INTRODUCTION

Drilling is a major component of research projects
and oil and mineral exploration programs. Integration of
drilling with geophysical-geological surveys and modelling
has expanded the resolution and capabilities to investigate
underground structures (Chapman, 2000; Moon ef al,
2006; National Research Council, 1994; Selley, 1998).
The international drilling programs in the 1960’ and
1990’s have contributed to the understanding of the
Earth system and to technological developments (Ashena
and Thonhauser, 2018; Becker et al, 2019; Harms and
Emmermann, 2017; Revelle, 1981). In the past decades,
riser and non-riser drilling platforms, directional drilling,
core scans and automatization have permitted drilling
deeper and in complex geological settings (Becker and
Davis, 2005; Yamada et al, 2019).

The international ocean and continental drilling
programs integrate extensive logging and core recovery
providing a wealth of data and samples (Becker ef al,
2019; Harms and Emmermann, 2017; Shouting and
Wentao, 2022). Core analyses include digital scans,
physical properties, petrology, mineralogy, geochemistry,
isotopes and biostratigraphy. Recent developments include
a wide range of filters, computer tomography CT scans
and supervised/unsupervised processing tools (Conze et
al., 2007; Conze, 2016; Smith et al, 2020). The X-ray
CT scans provide high-resolution for lithological core
characterization (Akin and Kovseck, 2003; Freifeld et al,
2006; Tanaka et al., 2011; Tonai et al., 2016). The advent
of semi-automatic core scans with uniform geometries,
light control and core handling provides homogenous
high-resolution data that integrate with logs and discrete
measurements.

Chicxulub crater is a large multiring structure formed
~66Ma ago by an asteroid impact on the Yucatan carbonate
platform in the southern Gulf of Mexico ( ). The impact
is associated with the End-Cretaceous mass extinction at
the Cretaceous/Paleogene (K/Pg) boundary (Alvarez et al.,
1980; Schulte et al., 2010). The crater is covered by post-
impact carbonates up to ~lkm in the central crater zone,
with studies based on geophysical surveys, drilling and
modeling (Collins et al, 2020; Duong et al., 2023; Gulick
et al.,2013; Hildebrand et al., 1991, 1998; Perez-Cruz and
Urrutia-Fucugauchi, 2024; Sharpton et al, 1992, 1993;
Urrutia-Fucugauchi et al, 2011, 2022). The boreholes
have sampled the impactite rocks and the post- and pre-
impact sedimentary sequences, critical for constraining the
structure formation and age.

Here we review the use and applications of continuous
coring, core scanning and logging, with reference to the
Chicxulub drilling projects ( ). The boreholes sampled
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the impactites, the post- and pre-impact sequences and
the basement. Inside the crater, the Yaxcopoil-1 borehole
drilled the terrace zone near the crater southern rim and the
MO077A borehole drilled the peak ring succession in the
marine sector ( ).

CHICXULUB IMPACT CRATER

In the early stages of planetary evolution, impacts were
involved during the formation of the planetary bodies,
including large-scale collisions such as the one with the
Earth forming the Moon (Aspaugh, 2014). The terrestrial
record of craterforming impacts has been modified by the
dynamic processes of tectonics, volcanism and erosion
(Kenkmann, 2021; Kenkmann et al., 2014; Melosh, 1989;
Melosh and Ivanov, 1999; Urrutia-Fucugauchi and Perez-
Cruz, 2008). Large complex impact structures documented
include the Vredefort, Sudbury and Chicxulub, with the
latest being the youngest and best preserved.

Chicxulub crater formed ~66Ma ago by an asteroid
impact on the Yucatan carbonate platform. The crater is
characterized by high amplitude gravity and magnetic
anomalies (Hildebrand et al, 1991, 1998; Sharpton et al.,
1993). The gravity anomaly shows a ring pattern with a
central high, multiring morphology and the central uplift.
Chicxulub has been studied with a range of methods,
including gravity, magnetics, magnetotellurics and seismics
(e.g Morgan et al., 1997, 2016; Delgado-Rodriguez et al.,
2001; Urrutia-Fucugauchi et al., 2011, 2022; Batista et al.,
2013; Gulick et al, 2008, 2013; Christeson et al., 2021).

101°W 95°W 89°W 83°W 77°W

FIGURE 1. Location of Chicxulub crater in the Yucatan peninsula and
southern Gulf of Mexico (base map after French and Schenk, 2004).
Inset: Satellite radar interferometry image of the Yucatan peninsula
(credit NASA Jet Propulsion Laboratory). The buried crater is marked
on the surface by a semicircular ring of cenotes and a topographic
depression. Also shown are past coastlines and the Ticul fault (Urrutia-
Fucugauchi et al, 2008).
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FIGURE 2. A) Drilling sites in northwestern Yucatan. B) Schematic borehole columns, plotted as a function of distance to the Chicxulub crater center
at Chicxulub Puerto on the coastline (Lopez Ramos, 1976; Urrutia-Fucugauchi et al, 2004, 2011; Morgan et al., 2016).

The impact excavated and fragmented deep into the
crust of the target area, forming a transient cavity (Collins
et al, 2008, 2020). The fragmented material was ejected
at high temperature and velocity, forming a central plume
and lateral curtains, with ejecta reaching large distances
with a global distribution (Alvarez et al., 1980; Artemieva
and Morgan, 2020; Schulte et al, 2010). Proximal ejecta
deposits have been found at outcrops in Belize, southern
and northeastern Mexico and USA and the Caribbean
(Pope et al., 2005).

The drilling projects with continuous core recovery are
conducted to investigate the structure and stratigraphy in
the crater zone ( ). The 1994-1996 drilling program
included eight boreholes in the central and southern sectors
and drilled into the carbonates and impactite sequence
(Urrutia-Fucugauchi et al, 1996). In the southern sector,
three boreholes cut the impact breccias, documenting the
inverted stratigraphy with the lower carbonate-rich breccias
and the upper basement and melt-rich breccias. The eastern
crater sector was studied in the Federal Commission of
Electricity (CFE)-UNAM drilling project, with three
boreholes in the Valladolid region (Urrutia-Fucugauchi
et al, 2008). The marine sector was drilled as part of
the International Ocean Discovery Program (IODP)-
International Continental Drilling Program (ICDP)
Expedition 364 with the MOO77A borehole on the peak
ring (Morgan ef al., 2016).

The Yaxcopoil-1 borehole was drilled as part of the
Chicxulub Drilling Program (CSDP) of the International
Continental Scientific Drilling Program and National
University of Mexico (Urrutia-Fucugauchi et al, 2004).
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The borehole drilled through the down faulted blocks of the
terrace zone. The objective was to core continuously into
the post-impact sediments and through the impact breccias
and the target section.

The MO077A borehole drilled the offshore section
of the peak ring, through the post-impact carbonates, the
impact breccias, melt and the basement. The peak rings
are semicircular structures with an elevated relief over the
crater floor. The drilling project aimed to investigate the
formation mechanism and unraveling its deep structure
(Morgan et al., 2016). The occurrence of granitic rocks at
shallow depths beneath the impactites supports formation
models involving basement uplift, with vertical/lateral
transport of crustal material forming the peak ring structure
(Baker et al., 2016; Collins et al., 2020).

The analyses of well logs and cores allow to characterize
the lithology, petrography, physical properties, geochemistry,
isotopes, biostratigraphy, magnetostratigraphy, shock
deformation and hydrothermal system under the terrace
zone (Arz et al., 2004; Gelinas et al., 2004; Kring et al.,
2004; Liiders and Rickers, 2004; Pilkington et al, 2004;
Rowe et al., 2004; Wittmann ef al., 2004) and the peak ring
(Christeson et al., 2018; Gulick et al, 2017; McCall et al.,
2020; Morgan et al., 2016; Whalen et al., 2020).

METHODS AND RESULTS

The Yaxcopoil-1 borehole was drilled from December
2001 through March 2002 at a site ~62km radial distance
from the approximate crater center at Chicxulub Puerto
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FIGURE 3. A) Location on the Yaxcopoil-1 and MOO77A drilling sites
on the terrace zone and peak ring. B) Yaxcopoil-1 schematic column,
with the Paleogene carbonates, impact breccias and Cretaceous
target section (Wohlgemuth et al., 2004). C) Borehole column for the
MOQ77A well (Morgan et al., 2016).

( ). The drill site was selected based on gravity,
aeromagnetic and magnetotelluric surveys, with constraints
from offshore seismic surveys and the Pemex and Chicxulub
borehole data (Urrutia-Fucugauchi et al, 2004, 2011).

An INDECO rotary drill rig from Perforaciones
Industriales Termicas, S.A. PITSA and a core recovery
system from the Drilling, Observation and Sampling of the
Earth’s Continental Crust (DOSECC) were used ( ).
The rotary mode was used from surface to 404m depth.
This section was wireline logged and cased. Then, drilling
continued with wireline coring of the Paleogene sequence,
impactites and Cretaceous section. Cores with 63.5mm
diameter were obtained to a depth of 993m. At this depth,
the HQ coring string became stuck, and was left in the hole
as casing. The wireline coring was reassumed with an NQ
string with core diameter of 47.6mm to a final depth of
1511m.
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The logging was completed in two stages, the first down
to 400m and at the end of the drilling phase down to 1511m
(Wohlgemuth et al., 2004). The gamma ray, electrical dual
lateralog (DLL) deep and DLL shallow resistivity, low-
field magnetic susceptibility and sonic compressional Vp
velocity logs were acquired. Gamma ray and sonic logs
were acquired between 400 to 993m (Wohlgemuth et al.,
2004). Additionally, downhole temperature gradients were
measured to investigate and monitor the thermal state
(Popov et al, 2004, 2011).

The Yaxcopoil-1 borehole was continuously cored from
404m to 1511m depth, with core recovery of 98.5%. The
3m long core runs were split, marked and stored in boxes at
the drilling site ( ). Cores were marked and digitally
scanned during the drilling operation. In the Chicxulub Core
Repository, cores were cut in halves and re-scanned. Core
analyses include petrological, geochemical, petrophysical,
geochronological, thermal conductivity = magnetic
properties, seismic velocities and elastic properties (Ebra
and Pesonen, 2014; Kenkmann et al, 2004; Keppie et al,
2011; Kring et al, 2004; Mayr et al., 2008; Popov et al.,
2011; Schmieder et al, 2018; Urrutia-Fucugauchi et al.,
2004, 2014; Whalen et al., 2013).

The core boxes were labelled in a consecutive downhole
sequence and photographed. The core recovery rate and
initial macroscopic descriptions were recorded. The
macroscopic core descriptions, with the textures, lithology,
colors, bedding and structural features were recorded and a
preliminary lithological column prepared.

In the Chicxulub repository, cores were cut in halves,
re-marked and digitally scanned in the smartCIS 1600 line
core scanner (smartcube GmbH — Information Management
Systems). The system provides high resolution 3-D and
2-D core images (from 250 up to 1000dpi DOF Depth-Of-
Field mode), with maximum scan lengths of 160cm and
core diameters up to 20cm. For the core analyses, a 500dpi
was used, with core color records corrected for the R, G
and B components and a standardized color calibration.
The archive core halves are documented and stored in the
Chicxulub Core Repository ( ). Physical property
logging on the cores with non-invasive tools for magnetic
susceptibility, density, and geochemistry are conducted.

The M0077A borehole was drilled on the marine sector
at the intersection of two seismic lines, to investigate the
peak ring structure and stratigraphy (Morgan et al., 2016).
The seismic lines were acquired as part of the Chicxulub
Seismic Experiment (Morgan et al., 2005). Two prospect
drilling sites were selected for further study The site
characterization for the MOO77A borehole was later
analyzed with detailed multibeam bathymetric surveys and
geotechnical studies (Goff ef al, 2016).
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FIGURE 4. Drilling of the Yaxcopoil-1 borehole, Chicxulub Drilling Project. Views of the drill rig, coring and cores.
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FIGURE 5. Chicxulub Drilling Project CSDP. Views of the CSDP Core Repository.
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FIGURE 6. A) The Yaxcopoil-1 simplified borehole column (Wohlgemuth ez al, 2004). B) Core box images for the post-impact carbonates, impact

breccias and target carbonates.

The core analyses were made at the IODP Core
Repository of the University of Bremen, cores were split in
halves and further described. The science party worked on
core characterization and analyses on physical properties,
geochemistry, micropaleontology, paleomagnetism,
mineralogy and petrology (Morgan et al, 2016). Studies
include dual-energy X-ray computed tomography made at
the Houston Weatherford Laboratory. The data processing
was done at Austin by Enthought, Inc. The X-ray CT scans
measure the densities and average atomic numbers for the
textural, mineralogical composition and fractures.

For the analysis, core scan images are integrated with
geophysical logs, borehole wall images and petrological
microscope data on thin and polished sections. The working
core halves are used for subsampling and the petrophysics,
biostratigraphy, and geochemical and isotope analyses.

Yaxcopoil-1 Borehole

In the Yaxcopoil-1 the post-impact carbonates were
cored between 404m and 795m. The impact breccia section
was cored between 795m and 895m, which is thinner
compared to thickness of the breccias drilled in the Pemex
and Chicxulub wells (Urrutia-Fucugauchi et al, 1996,
2008, 2011). The target carbonate sequence was cored
from 895m to 1511m ( ). The core analyses include

Geologica Acta, 23.3, 1-21 (2025)
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macroscopic descriptions, orientation marking, digital core
scans and physical/chemical properties.

The post-impact sequence is formed by calcareous
breccias, limestones, lutites, argillaceous limestones,
calcarenites with microcrystalline nodules, wackestones
with bioclasts, evaporates and salt precipitates, silicified
limestones, calcareous cherts and marls ( ). The
bedding plane dips from sub-horizontal up to 60 degrees.
Sedimentary  structures include cross-lamination,
current-flow features, parallel lamination, cyclic graded
bedding and styolitic structures. Conglomerate layers
with clasts of limestones and evaporites and gravity
flows are characteristic in the succession. From the thin-
section petrographic observations, two microfacies were
identified. Facies 1 varies from mudstone to wackestone
and facies 2 varies from wackestone to packstone. The
changes in textures, compositions and sedimentary
structures characterize twelve lithostratigraphic units
along the column ( ;4.

The carbonates were deposited in low-energy deep
bathyal environments, with characteristic fine-grained
facies varying from mudstone to wackestone. The
carbonate breccias with intercalated fine-grained gravity
flow deposits represent deposits transported from shallower
zones to the deeper zones inside the basin, marked by
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FIGURE 7. Post-impact carbonate section cored between 400 to 797.4m depth. Cores have been digitally scanned, with core box images and 3-D

images.

changes in textures and grain sizes from grainstone to
packstone. The upper units are characterized by microfacies
varying from wackestone to packstone with planktic and
benthonic foraminifera and bioclasts. Some units show an
increase in silicification, with replacing clasts and fossils
and microcrystalline quartz flows. Some show laminated
rhythmic clay layers, with a thick section formed by
laminated black shales and lighter marls.

The impactite section is ~100m thick, formed by six
units ( ). 1) Upper Sorted Suevite (USS) (794-808m),
ii) Lower Sorted Suevite (LSS) (808-823 m), iii) Upper
Suevite (US) (823-846m), iv) Middle Suevite (MS) (846-
861m), v) Brecciated Impact Melt Rock (BMR) (861-
885m) and vi) Lower Suevite (LS) (885-895m) (Kring et
al., 2004; Stoffler et al, 2004; Tuchscherer et al., 2004).
The breccias are heterogeneous with distinct clast and
matrix compositions and degree of alteration.

The basal carbonate section is formed by limestones,
calcarenites, dolomite  breccias, anhydrites and
paraconglomerates, cut by melt, suevite and clastic dykes
( ). The section shows effects of hydrothermal
alteration and is cut by thin breccias, melt and clastic dykes

Geologica Acta, 23.3, 1-21 (2025)
DOI: 10.1344/GeologicaActa2025.23.3

(Rowe et al., 2004; Wittmann et al, 2004). The anhydrite
layers vary from a few centimeters to up to 15m thick form
some 27% of the sequence. An organic matterrich and oil-
bearing impregnated interval is present in the lower section
(Kenkmann et al., 2004; Liiders and Rickers, 2004).

The M0O077A Borehole

The MOO77A borehole was drilled over the peak
ring from the L/B Myrtle mission specific platform. It
drilled the peak ring succession formed by post-impact
carbonates (0-618m), impact suevites and clast-poor
melt (618-748m) and the basement section of granites
and dykes ( ). Continuous coring was from 505.7m
to 1335.7m. Logs were acquired in three phases with the
caliper, acoustic and optical images, fluids, electrical
resistivity, induction conductivity, magnetic susceptibility,
sonic and gamma rays.

Core analyses include density, porosity, mineralogy,
petrology, magnetic susceptibility, seismic velocities,
microfossils (Gulick ef al, 2017; Morgan et al, 2017).
Dual-energy X-ray computed tomography provided data on
textures, composition and fracturing.
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FIGURE 8. Impact breccia section and carbonate-breccia contact. The breccia section, cored between 794.4-894.9m depth, is divided into six
units (Urrutia-Fucugauchi et al., 2004). 3-D core images, core box with the carbonate-breccia contact and petrographic images of the breccia units.

The carbonate-impactites contact at 748m is marked by
high magnetic susceptibility and gamma ray values. The
granites are intensely fractured and deformed, with foliated
shear zones and cataclasites, and cut by pre-impact and
impact dikes (Christeson ef al, 2018; Gulick et al., 2017).

DISCUSSION

Core scans and physical property logs provide constrains
on the impactite lithologies and post- and pre-impact
carbonate sequences. The lithostratigraphic units correlate
with the physical property logs, including magnetic
susceptibility, density, Vp seismic velocity and geochemical
logs ( ; 115 12). Logs display low frequency sinusoidal
trends with superimposed high frequency high amplitude
fluctuations. The density varies with lithology, with values
between 1.7 and 2.6kg/m>. The Vp seismic velocity log shows
a wide range of 2.5 to 6km/s, varying with the lithology and
degree of fracturing and deformation.

The impact breccia section is characterized by fracturing
and alteration, marked by low densities, low seismic
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velocities and high porosity ( ), which are observed in
the gravity and seismic velocity models (Christeson et al.,
2018). The magnetic susceptibility logs in the carbonate
sections show dominant diamagnetic values with small
paramagnetic contribution. The logs show small amplitude
changes within a narrow range between -0.5 and 5-10-°SL
Variable magnetic susceptibilities are characteristic of
the breccias, depending on the relative contents of melt,
basement and carbonate clasts and matrix. The basal
carbonate sediments above the contact with the breccias
show high susceptibilities and high Fe and Ti contents,
correlating with the hydrothermal alteration and input from
the underlying breccias (EscobarSanchez and Urrutia-
Fucugauchi, 2010; Rowe et al., 2004).

The impact breccias are highly heterogeneous, with a
complex assemblage of basement and melt clasts in melt-
rich and carbonate-rich matrix ( ). The clast distribution
and matrix textures, analyzed in the core scan images and
logs, vary within and between the units. The basal units
were emplaced at high temperatures as basal surges and
the upper unit at low temperature showing reworking under
aqueous conditions. The physical property logs in the
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FIGURE 9.The pre-impact target carbonate sequence. Core box
images and 3-D core scans of the impact breccia section.
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breccia section show distinct trends, corresponding to the
distribution and mixtures of carbonate and basement clasts
and melt in melt-rich and carbonate-rich matrix (Kring ez
al.,, 2004; Urrutia-Fucugauchi et al, 2004, 2014; Stoffler
et al, 2004). The magnetic susceptibility logs vary with
high values in basement and melt clasts and matrix and
low values in carbonate clasts and carbonate-rich matrix
(Urrutia-Fucugauchi et al, 2014).

The joint analyses of well and core analyses
open interesting opportunities, which require further
development. Continuous core recovery programs require
extended drilling time and increased costs and the
emphasis has been on the use of well logging, coupled with
intermittent core recovery. Logging tools were used for the
MO0077Aborehole characterization, physical properties, well
condition, fluids and temperature-pressure state (Lofi ef al.,
2018). Analyses on cores and cuttings provide information
on petrology, mineralogy, fossils, fluids, fractures, chemistry,
paleomagnetism, isotope geochemistry, which are needed
for age control, biostratigraphy, magnetic polarity and
isotope stratigraphy, sedimentology, and alteration (Freifeld
et al, 2006; Rothwell et al, 2006; Smith et al, 2020;
Tanaka et al, 2011; Tonai et al, 2019). In general, well
and core logs showed good agreement, providing data
for petrophysical characterization, borehole correlations,
stratigraphy and structure. When discrepancies arise,
they also provide information related to instrumental and
measurement effects, fluids, and sensorborehole wall
conditions. Core analyses in the laboratory are under
controlled sample-sensor geometries, temperature-pressure
and fluids and atmosphere conditions. Well logs provide
additional information on the characteristics and properties
of the geological formations around the borehole.

In the Chicxulub drilling projects, well logs and core
data are used, which allows analyzing the distinct spatial
scales and conditions (Christeson et al, 2018; Lofi et
al, 2018). The developments in geophysical logging,
continuous core recovery tools and core analyses provide
better characterization of the lithologies and stratigraphy
(e.g Arns et al, 2005; Conze, 2016; Rothwell and Rack,
2006). The usefulness of 3-D core images in documenting
the stratigraphy and deformation of the carbonate target
sequence is illustrated in the target section (Kenkmann
et al., 2004; ). Crater collapse stage models
show target material deformed and displaced (Collins et
al., 2008, 2020). The contrasting allochthonous and para-
autochthonous models propose the involving of overturned
blocks with an inverted stratigraphy and conformal
stratigraphy with laterally displaced blocks of target
rocks (Kenkmann et al., 2004; Stoffler et al., 2004). The
analyses focus on quantifying the bedding plane attitudes
and the fractures based on the 3-D core scan images,
with bedding plane attitudes from sub horizontal to steep
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FIGURE 10. Geophysical logging for the section 600 to 1511m depth, with the gamma ray, density and seismic Vp velocity logs of post-impact
carbonates, impact breccias and target carbonates (Elbra and Pesonen, 2011; Mayr et al., 2008; Popov et al., 2004; Wohlgemuth et al., 2004).

angles downhole with superimposed internal deformation
of the sequence. The core scan images permit to further
evaluate relations of structural features to the impact
deformation ( ). This is the case of fractures parallel
to polymictic dykes and those crosscutting the dykes. The
distinct structural features distinguish three major block
units in the Cretaceous section, with apparent relative
differential motion (Kenkmann et al., 2004; Wittmann et
al., 2004).

In addition to the 3-D scans of core surfaces, core
structures are imaged on the working core halves (

). Scans provide continuous images of the stratigraphy,
lithology, and depositional and structural features of the
post-impact and target carbonates and the breccias. The
core scans are also useful in the operation of the core
repository for characterizing and handling fragile and
damaged cores and for additional details related to the
subsample analyses of the working cores.

The basement in the MOO77A borehole is deformed
and fractured. Dynamic collapse models and numerical
simulations show crustal uplift at crater collapse stage
(Baker et al., 2016; Collins et al., 2020). The peak ring

Geologica Acta, 23.3, 1-21 (2025)
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succession in MO077A is characterized by low seismic
velocities and densities and higher porosity, with a narrow
0.1 to 0.2km thick low-velocity zone of suevites and melt
(Christeson et al., 2018). The acoustic logs, correlated to
the magnetic field measurements from the 3-component
magnetometer permit to associate structural features in
the cores and drill walls (Lofi ef al, 2018). The cores
are analyzed by xray CT scanning using a high-energy
135kV beam and a low-energy 80kV beam to estimate
density and atomic number (Gulick et al, 2017; McCall
et al., 2020). The CT scans image the fractures and vein
filling materials ( ; 17) and can be correlated to
acoustic borehole images acquired on the borehole wall
by ultrasonic pulses measuring the amplitude and two-
way traveltime (Gulick et al, 2017; Lofi et al, 2018).
The analyses constrain the core azimuthal orientation,
which is useful for paleomagnetic, structural and stress
field analyses (Paulsen ef al, 2002). McCall et al
(2021) estimated the orientations of planar cataclasite
and ultraclasite zones in the granites, finding two distinct
orientations with radial and tangential directions for the
deformation zones. The orientations are associated with
the peak ring formation and differential transport of
crustal material.

[ 10|
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FIGURE 11. Post-impact carbonates (Escobar-Sanchez, 2018; Whalen et al., 2014). Geophysical logs for the Paleogene carbonates with the density
and seismic Vp velocity logs (Wohlgemuth et al., 2004).
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FIGURE 12 Geophysical logging for the basal section of the target carbonate sequence with the Ca chemical log and the magnetic susceptibility.

The correlations of borehole data with geophysical
surveys provide constraints on the structure and
stratigraphy at different scales (Gulick er al, 2013). The
marine seismic surveys have imaged the crater sedimentary
sequence, permitting seismic stratigraphic analyses. Bell ef
al. (2004) analyzed the regional profiles Chic-A, Chic-Al,
Chic-B and Chic-C, providing a basin wide view. The
crater infill deposits show asymmetric distribution, with
depositional changes associated with sea level changes and
basin structure ( ). The basin floor marked by the top
of the breccia and basal carbonate sediments is about 700m
deeper than sites outside the crater, providing constraints
on the K/Pg boundary horizon.

The Yaxcopoil-1 lithostratigraphic column has been
correlated with the seismic images, assuming radial

Geologica Acta, 23.3, 1-21 (2025)
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symmetries. Bell et al (2004) correlated the borehole
on the western sector and documented a thin early
Paleogene section and a mid-Miocene marine regression.
Whalen et al (2013) correlated a revised Yaxcopoil-1
column proposing that the stratigraphy fitted the seismic
packages on the eastern sector. The basin in-filling was
asymmetric with distinct stratigraphic sequences on the
west and east, including that western sector filled earlier.
Our analysis supports a correlation of the Yaxcopoil-1
column with the western marine zone, in agreement
with Bell et al (2004)’s analyses. Following the crater
collapse, tsunamis and debris flows affected the crater
floor. Seismic reflectors delimit packages that follow
the crater floor bathymetry. The marine regression on
the eastern sector is followed by downlap and onlap
sequences.

[12 ]
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FIGURE 13. Core images in the target carbonate interval. A) Borehole column of target section with the lithological units (after Wittmann et al.,

2004). B) Core images of split core sections.

The borehole correlations with the seismic images have
been examined considering seismic attributes (Salguero-
Hernandez ef al, 2020). The instantaneous frequency
and phase attributes enhance the seismic reflectors,
characterizing the subsurface structure and stratigraphy. For
the correlation, borehole lithological columns were radially
rotated in the central sector ( ). The correlations are
constrained from 3-D seismic and vertical seismic profile
studies on the crater central zone that delineate reflector
horizons and basin structure (Barton ez al, 2010; Canales-
Garcia et al., 2018; Gulick et al., 2013; Nixon et al., 2022;
Salguero-Hernandez et al., 2020).

The vertical seismic profile on the M0O077A borehole
provides detailed high-resolution data on the peak ring
succession. In the analysis, Nixon et al (2022) used the
wavefield to image the structure, integrating the shear wave
velocities and core data on the sonic, density, Vp/Vs ratios
and elastic property logs. The carbonate sediments show
a well-defined layered succession, with a strong reflector

Geologica Acta, 23.3, 1-21 (2025)
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at the contact with the impactites. The impactite section
shows significant scattering with anomalous low elastic
impedance. The basement section shows anomalous high
elastic properties, associated with the strong deformation
and fracturing. Riller ef al (2018) associated the brittle and
viscous deformation with acoustic fluidization, followed by
localized microfracturing.

The peak ring units show anomalous physical properties,
with low seismic velocities and densities, which are reflected
in the gravity and seismic data (Christeson et al, 2018;
Morgan et al, 2016). Christeson ef al (2022) modeled
the seismic reflection data across the central crater zone
and peak ring, integrating well logs and core analyses. They
estimate that 7-75% of the melt is in the central crater zone,
with a thickness above 500m thinning towards the crater
rim. The peak ring shows varying topographic elevation,
correlated with the average width with lower elevations over
wider zones. The low velocities in the impactite section are
associated with the emplacement mode and effects ocean
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FIGURE 14. Core scan images of structural features in the target carbonate cores (after Kenkmann et al., 2004). A) decoupling horizons in the
paraconglomerate, B) Horizontal core breakouts at the decoupling horizons. C) Faulted breccias and discordant lithological contacts. D) Steep angle

discordance and sheer planes. E) Sliding on bedding planes.

disturbance, with the graded suevite and thin melt layer
emplaced over the peak ring. The models characterize
the subsurface structure, with the post-impact carbonates,
breccias and melt units.

CONCLUSIONS

Core scans, well logs and physical property analyses
in the Yaxcopoil-1 and M0O0O77A boreholes are used for
borehole characterization and structural and stratigraphic
studies. The boreholes sample distinct crater structures and
stratigraphy of the terrace zone and the peak ring, which
allow to constrain the crater formation process.

The Yaxcopoil-1 borehole was continuously
cored from 404 to 1511m, sampling the post-impact
carbonates, impact breccias and target Cretaceous
carbonates. The M0O0O77A borehole was continuously
cored from 506m to 1336m, sampling the post-impact

Geologica Acta, 23.3, 1-21 (2025)
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carbonates, breccias, melt and the basement section.
The well logs and core analyses characterize the
lithologies and physical and chemical properties of the
crater units, unraveling the heterogeneous nature of
the impact breccias and melt and the impact-induced
deformation and hydrothermal alteration of the post-
impact and target carbonates.

The digital core scans and geochemical and physical
property logs characterize the stratigraphy, composition,
textures fracturing and deformation. Impact breccias are
heterogeneous materials with clasts of melt, carbonates
and basement in carbonate-rich and melt-rich matrix.
The lower breccias were emplaced by hot turbulent basal
surges, followed by collapse of the impact plume and
lateral curtains. The upper breccias are reworked deposits
at the post-collapse stage. The logs and core analyses
document that the target deformed carbonates are part of
the megablock unit, displaced outwards during the crater
collapse stage.

|14 |
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FIGURE 15. Fractures in the target carbonates show a wide range of lengths and thickness, with calcite infillings. A) representative microscope
images of fractures. B) core box image of the oil-impregnated interval. C) fracture in the oil-impregnated interval.

Continuous core recovery, logging and core analyses
provide detailed lithological and stratigraphic data. The
cores, cuttings and fluid samples provide rich archives
of information on the structure and stratigraphy. The
drawbacks include long drilling time, coring tools and high
costs.

The core scans and physical property analyses allow
characterizing the drilled column and provide constraints
on logging, borehole correlations, seismic stratigraphies
and geophysical models.
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FIGURE 16. IODP-ICDP Chicxulub Drilling Expedition 364 with the MOO77A borehole drilled on the peak ring. A) Borehole simplified column and
the seismic velocity and density logs (from Gulick et al., 2017; Morgan et al., 2016). B) CT scans for the post-impact sediments, melt, suevite and
basement granites with rotational values and depths of matching features in the adjusted CT scans (taken from McCall et al., 2020).
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FIGURE 17. CT scans for cores of the peak ring basement granitic section at the MO0O77A borehole (taken from McCall et al., 2020). A) CT scans
for cores 40R, 76-1, 92-2 and 197-1 in the different lithologies. B) Correlation of the CT core scan and the acoustic borehole image (Gulick ef al.,

2017; McCall et al., 2020).
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