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Abstract–Results of a detailed paleomagnetic and rock magnetic study of samples of the impact
breccia sequence cored in the Yaxcopoil-1 (Yax-1) borehole between about 800 m and 896 m are
presented. The Yax-1 breccia sequence occurs from 794.63 m to 894.94 m and consists of
redeposited melt-rich, clast-size sorted, fine-grained suevites; melt-rich, no clast-size sorting,
medium-grained suevites; coarse suevitic melt agglomerates; coarse melt-rich heterogeneous
suevites; brecciated suevites; and coarse carbonate and silicate melt suevites. The low-field
susceptibility ranges from −0.3 to 4018 × 10−6 SI, and the NRM intensity ranges from 0.02 mA/m
up to 37510 mA/m. In general, the NRM intensity and magnetic susceptibility present wide ranges
and are positively correlated, pointing to varying magnetic mineral contents and textures of the
melt-rich breccia sequence. The vectorial composition and magnetic stability of NRM were
investigated by both stepwise alternating field and thermal demagnetization. In most cases,
characteristic single component magnetizations are observed. Both upward and downward
inclinations are present through the sequence, and we interpret the reverse magnetization as the
primary component in the breccias. Both the clasts and matrix forming the breccia appear to have
been subjected to a wide range of temperature/pressure conditions and show distinct rock magnetic
properties. An extended interval of remanence acquisition and secondary partial or total
remagnetization may explain the paleomagnetic results.
INTRODUCTION
The Chicxulub crater was first identified from the gravity
and magnetic anomaly surveys conducted as part of the oil
exploration programs of Petróleos Mexicanos in the Yucatán
peninsula (Penfield and Camargo 1981). The large size of the
structure, inferred age, target stratigraphy, and its location in
the Gulf of Mexico and Caribbean Sea made it a promising
site for the Cretaceous/Tertiary (K/T) boundary impact
(Alvarez et al. 1980; Hildebrand et al. 1991). In the past
decade, considerable effort has been invested in studying the
crater (e.g., Sharpton et al. 1992; Morgan et al. 1997), which
is well-preserved under a thick cover of Tertiary carbonate
rocks in the northwestern Yucatán platform (Fig. 1). A limited
amount of samples from the impact lithologies were initially
available for laboratory examination from boreholes of the
Petróleos Mexicanos oil exploration drilling program, mainly
from the three boreholes located inside the crater (Yucatán-6,
Chicxulub-1, and Sacapuc-1; Fig. 1). As part of the recent

studies, two drilling projects with continuous core recovery
programs have been conducted. The National University of
Mexico (UNAM) drilled eight boreholes in the central and
southern sectors of the structure, with three of the boreholes
(UNAM-5, UNAM-6, and UNAM-7) penetrating into the
impact breccia sequence in the area immediately to the south
of the cenote ring (Fig. 1). Recently, we have completed the
drilling/coring phase of the Chicxulub Scientific Drilling
Project (CSDP), which was carried out under the auspices of
the International Continental Drilling Program (ICDP). The
ICDP proposal with a description of the CSDP, also outlined
the major objectives of the drilling/coring project (UrrutiaFucugauchi et al. 2001). The CSDP borehole, named
Yaxcopoil-1 (Yax-1), is located in the southern sector of the
crater, some 60 km radially from the crater center (Fig. 1).
The CSDP borehole was successfully drilled between fall
2001 to early March 2002. The coordinates, determined by
GPS (global positioning system) measurements of the drilling
site, are 20.73968°N and 89.71784°W.
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Fig. 1. Schematic diagram of Yucatán peninsula showing the location of the PEMEX, UNAM, and CSDP boreholes. The distribution of the
sinkholes (cenotes) in the Yucatán peninsula is added (note that the cenote ring approximately outlines the buried Chicxulub impact structure).
The Yax-1 borehole is drilled in the southern sector of the structure ~60 km from its center at Chicxulub Puerto. The coordinates of the Yax1 drilling site are 20.74°N and 89.72°W.

We report the initial results of a paleomagnetic and rock
magnetic study of the breccia sequence recovered in the Yax1 borehole. Paleomagnetism seems ideally suited for
characterizing the impact breccias because of the high
contrast in magnetic properties between the carbonates and
the basement and melt fragments (also between the carbonate
and melt-rich matrix). Magnetic susceptibility measurements
can be completed on the cores, half-cores, or any small-sized
samples to document the bulk susceptibilities of the
paramagnetic and ferromagnetic minerals present in the
basement clasts and melt. Rock magnetic data for UNAM
boreholes 6 and 7 (Fig. 1) distinguish an upper breccia unit
rich in basement clasts and melt-rock fragments from a lower
breccia unit rich in carbonate clasts (Urrutia-Fucugauchi et al.
1996). Magnetic susceptibility data provide a proxy for the
distribution and relative content of basement and melt
material within the breccias. For instance, data for the upper
breccia unit in the UNAM-7 borehole show a trend to high
susceptibility values toward the bottom of the unit, suggesting
an increasing content of ferromagnetic minerals varying with
depth. Susceptibility data could further be used for lateral

correlation of the ejecta sequence, modeling of magnetic
anomalies, study of hydrothermal activity, etc. Paleomagnetic
analyses of melt and breccia samples collected from the
Yucatán-6 borehole showed the occurrence of a stable
remanent magnetization with an upward inclination of about
−44°, which is consistent with the expected magnetic polarity
at the time of the impact (Sharpton et al. 1992; UrrutiaFucugauchi et al. 1994). The K/T boundary occurs within the
upper half of reverse polarity 29r chron, with an estimated age
of 65 Myr (Cande and Kent 1995; Wei 1995). This age is
consistent with the 40Ar/39Ar dates reported for melt-rock
samples from the Chicxulub-1 and Yucatán-6 boreholes (Fig.
1) (Sharpton et al. 1992; Swisher et al. 1992). The 65 Myr
date for the Chicxulub impact correlates with 40Ar/39Ar dates
for the impact black glasses from the K/T boundary section in
Haiti (Swisher et al. 1992).
Impact Breccia Sequence and Sampling
The breccia sequence in the Yax-1 borehole occurs from
about 794.63 m to 894.94 m. The cores recovered in the Yax-
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1 borehole were initially described and scanned during the
drilling/coring operations at the UNAM Core Laboratory
installed at the University of Yucatán. More detailed analyses
were carried out after the cores were transported to the CSDP
Core Repository at the Institute of Geophysics, UNAM. The
cores were cut longitudinally in half, and one core half is
being used for additional scanning and characterization (and
sampling for the CSDP projects). High resolution digital
scans of the whole cores and half core segments are acquired
with the ICDP scan system (lower resolution images are
available in the CSDP Web site). The 100 m-thick breccias
may be divided into six units (Dressler et al. 2003)
corresponding to: (Yb-1) redeposited melt-rich, clast-size
sorted, fine-grained suevites; (Yb-2) melt-rich, no clast-sizesorting, medium-grained suevite; (Yb-3) coarse suevitic melt
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agglomerate; (Yb-4) coarse melt-rich heterogeneous suevite;
(Yb-5) brecciated suevite; and (Yb-6) very coarse carbonate
and silicate melt suevite (Fig. 2).
We collected 40 samples from different depths within the
800–896 m breccia interval by cutting 2.2 cm3 cubes from the
working half-core segments. The uppermost interval close to
the breccia/carbonates contact required special treatment
because of its friable characteristics. That interval (794.63–
800 m) and the overlying carbonate unit were sampled in
additional detail by cutting closely spaced samples (results
are presented in Rebolledo-Vieyra and Urrutia-Fucugauchi
(2004). The double-color up/down marks were transferred to
the cubic samples. Yax-1 cores were not azimuthally oriented,
and only inclination (with respect to surface normal to core
axis) is used for magnetic polarity stratigraphy. However, for

Fig. 2. High resolution magnetic susceptibility log of the breccia sequence of the Yax-1 borehole. Low-field magnetic susceptibility
measurements on cores taken every centimeter are plotted against stratigraphic position. A simplified lithological description of the breccia
sequence, which is divided into six different subunits (Dressler et al. 2003) is shown for reference. The subunits correspond to: (Yb-1)
redeposited melt-rich, clast-size sorted, fine-grained suevites; (Yb-2) melt-rich, no clast-size-sorting, medium grained suevite; (Yb-3) coarse
suevitic melt agglomerate; (Yb-4) coarse melt-rich heterogeneous suevite; (Yb-5) brecciated suevite; and (Yb-6) very coarse, carbonate and
silicate melt suevite (Dressler et al. 2003). The digital scan images of selected intervals of the breccia sequence are shown on the right.
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cases in which samples come from a continuous core
segment, the full vector can be used to evaluate the internal
consistency of remanent directions.
Magnetic Susceptibility
High resolution magnetic susceptibility measurements
performed on the full core (taken every centimeter) document
the variation in magnetic mineralogy (Fig. 2). Low field
susceptibility was measured with the Bartington system and
using a loop sensor with an internal diameter of 10 cm
(Dearing 1994). Digital scanner images of the breccia
subunits are included in Fig. 2, which also serve to illustrate
the heterogeneous nature of the breccias. Diamagnetic (small
negative or zero) values are characteristic of the carbonate
units. Small positive values characterize the paramagnetic
components, while higher values are due to relatively high
contents of ferromagnetic minerals. Some 15 discrete peaks
can be observed in the susceptibility log with values above
400 × 10−5 SI. Somewhat higher values are observed within

the intermediate breccia subunits corresponding to Yb-3
coarse suevitic melt agglomerates and Yb-4 coarse melt-rich
heterogeneous suevites (Fig. 2). Low values are observed
within the upper two subunits of Yb-1 redeposited melt-rich,
clast-size sorted, fine-grained suevites and Yb-2 melt-rich, no
clast-size sorting, medium-grained suevites (Fig. 2). The high
resolution magnetic susceptibility record indicates that the
breccia sequence in Yax-1 shows a high complexity and is
rich in impact melt-rocks.
The low-field magnetic susceptibility (k) of cubic
samples was measured with a Minikappa susceptibilimeter. In
comparing the data for the samples with the magnetic log of
the core, we need to consider that absolute values of magnetic
susceptibility show variations related to the probe used for
measurements (e.g., Lecoanet et al. 1999). There are also
effects of magnetic heterogeneities and property anisotropy in
complex materials such as the breccias. The low frequency
susceptibility for the cubic samples ranges from −0.3 to 4018
× 10−6 SI (Fig. 3), with two rough groups of samples having
small values of less than 6 (16 samples) and large values

Fig. 3. NRM intensity measurements on discrete samples plotted against stratigraphic position in the breccia sequence (a), and low field
magnetic susceptibility measurements on discrete samples plotted against stratigraphic position within the breccia sequence (b).
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greater than 100 × 10−6 SI (12 samples). Seven samples show
values larger than 1000 × 10−6 SI corresponding to melt clasts
and/or melt-rich matrix breccias.
Paleomagnetic Results
The intensity and direction of the natural remanent
magnetization (NRM) of samples were measured in a JR6
spinner magnetometer. The NRM intensity ranged from
0.02 mA/m up to 37510 mA/m (Fig. 3). High NRM intensities
correlate with high magnetic susceptibilities. The vectorial
composition and magnetic stability of NRM were
investigated by both stepwise alternating field (AF) and
thermal demagnetization. AF demagnetization was carried
out in 6–12 steps up to maximum fields of 100 mT using a
Molspin AF demagnetizer. Thermal demagnetization was
carried out in 10 steps up to 600 °C using a thermal automatictemperature-control furnace equipped with zero-field cooling
space (adapted for paleointensity studies). Demagnetization
data are plotted in equal area nets and orthogonal vector
diagrams and are analyzed using end point, principal
component analysis and vector subtraction. Most samples are
characterized by single component or two vector component
magnetizations (Figs. 4 and 5). In a few cases, overlapping
coercivity spectra are observed in curved vector plots (Figs. 4
and 5). The characteristic remanent magnetization (ChNRM)
has been taken as the linear vector component going through
the origin of the vector plots (Figs. 4 and 5) (also see the small
circle trajectories in the corresponding sterographic plots;
Fig. 6). The coercivity and the unblocking temperature
spectra were graphically analyzed in intensity/AF field
diagrams. Most samples present low to intermediate
coercivities of about 20–30 mT and in a few samples up to
60–70 mT (an exception is sample 475A, which presents high
coercivity >100 mT; not shown).
In general, the characteristic magnetizations can be well
retrieved from the principal component analysis and vector
subtraction. Further analysis of vector components is made by
vector subtraction of the removed component (Fig. 6). The
ChNRM inclination presents relatively large scatter, ranging
from steep downward values of 65° to upward values of −62°
(Fig. 6). Several samples present shallow inclinations. Data
from samples with weak NRM intensities and which fell
below the noise level of the magnetometer during the
demagnetization procedure are not included for the analysis.
(However, we note that they follow the pattern defined by the
rest of the samples and do not modify the interpretation.) Only
about half of the samples present negative NRM inclinations
(Table 1), which would agree with the expected reverse
polarity for the K/T boundary.
Rock-Magnetism
The main magnetic carrier of the remanent magnetization
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in the breccia samples is magnetite or low-titanium
titanomagnetite. Early studies of melt and breccia samples
collected from the Yucatán-6 borehole also indicated that the
main magnetic mineral was fine-grained magnetite (UrrutiaFucugauchi et al. 1994; Steiner 1996). We observe the
occurrence of high coercivity minerals, probably
corresponding to hematite, in only one sample in this study.
Further investigation of the magnetic mineralogy and
magnetic carriers was made by analyzing the coercivity
spectrum of laboratory imparted remanence and the hysteresis
parameters (e.g., Dunlop and Ozdemir 1997).
Small grains and fine-grained matrix microsamples from
selected portions of the samples were analyzed using the
MicroMag system to record the magnetic hysteresis loops
(Fig. 8a) and the direct-field IRM acquisition and back-field
demagnetization curves (Fig. 8b). Hysteresis loops were
corrected for the paramagnetic contribution. Hysteresis loops
are indicative of a low coercivity mineral, which is interpreted
as fine-grained magnetite. The magnetic domain state was
estimated from analysis of the hysteresis parameters (Ms, Mr,
Hc, and Hcr). Data are reported here using a plot of
magnetization ratio (Mr/Ms) as a function of coercivity (Hc)
(Fig. 8). Plots of hysteresis parameter ratios have been used to
estimate domain state: SD, single domain; PSD, pseudosingle domain; and MD, multidomain states (Day et al. 1977).
The samples are characterized by small magnetization and
coercivity ratios, which then plot in the sector below the SD
field. The magnetization ratios range from 0.052 to 0.297, and
coercivity ratios range from 0.787 to 1.209. Hysteresis loops
and direct-field IRM acquisition and back-field
demagnetization are indicative of fine-grained magnetites.
Two samples show wasp-waists loops suggesting the
presence of hematite, which is not observed in the IRM
diagrams. The wasp-waists loops can be interpreted in terms
of superparamagnetic contribution (Tauxe et al. 1996).
DISCUSSION
Paleomagnetic data have long proved useful in the study
of impact craters to investigate stratigraphy and age, crater
structure, physical property contrasts for magnetic anomaly
studies, characterization of impact lithologies, and lateral
correlation of ejecta deposits (e.g., Pilkington and Grieve
1992; Pesonen et al. 1992; Urrutia-Fucugauchi et al. 1994,
1996).
Paleomagnetic data for the Yax-1 breccia sequence are
summarized in Table 1 and plotted as a function of
stratigraphic position in Fig. 9. The distribution of inclination
data presents a pattern, with intervals of upward and
downward inclinations. In the diagram, we have included the
data reported in Rebolledo-Vieyra and Urrutia-Fucugauchi
(2004) for the section around the breccia-carbonates contact.
The Chicxulub breccia is rich in basement clasts and melt
fragments with varying sizes, which makes it a highly
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Fig. 4. Examples of vector demagnetization plots (a) and normalized intensity diagrams (b) for samples of the breccia sequence. The sample
depths are: 896.67 m (463a); 825.53 m (492a); 836.78 m (483a); and 883.86 m (485a). Squares = vertical; rhombus = horizontal projections.
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Fig. 5. Examples of vector demagnetization plots (a) and normalized intensity diagrams (b) for samples of the breccia sequence. The sample
depths are: 888.92 m (486a); 880.92 m (488a); 823.86 m (476a); and 869.43 m (493a). Squares = vertical; rhombus = horizontal projections.
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Fig. 6. Demagnetization directional data for samples of Chicxulub breccias plotted in equal-area nets. The plots on the left correspond to the
vector remaining during demagnetization steps, and the plots on the right correspond to vector removed during demagnetization. The sample
depths are: 835.76 m (479a); 845.76 m (484a); and 876.7 m (489a).
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Fig. 7. Examples of hysteresis loops and IRM acquisition and back-field demagnetization curves for samples of Chicxulub breccias.
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Fig. 8. Plot of hysteresis parameters: ratio of remanent and saturation magnetization (Mr/Ms) plotted as a function of coercivity (Hc).

Table 1. Paleomagnetic data for the Yax-1 breccia sequence.
Sample No.

Depth (m)

Intensity (10−3 mA/m)

Susceptibility (10−5 SI)

Inclination

Yax-1.786.76
Yax-1.792.63
Yax-1.793.16
Yax-1.793.57
Yax-1.794.56
Yax-1.794.66
Yax-1.823.86
Yax-1.823.86
Yax-1.825.53
Yax-1.828.26
Yax-1.835.76
Yax-1.835.76
Yax-1.836.78
Yax-1.837.5
Yax-1.837.77
Yax-1.845.76
Yax-1.845.96
Yax-1.853.40
Yax-1.854.81
Yax-1.855.27
Yax-1.869.43
Yax-1.872.50
Yax-1.872.50
Yax-1.872.87
Yax-1.876.70
Yax-1.880.92
Yax-1.883.86
Yax-1.888.92
Yax-1.889.58
Yax-1.891.13
Yax-1.891.13
Yax-1.894.63
Yax-1.896.44
Yax-1.896.55
Yax-1.896.67
Yax-1.896.73
Yax-1.897.16
Yax-1.900.06
Yax-1.900.22

786.76
792.63
793.16
793.57
794.56
794.66
823.86
823.86
825.53
828.26
835.76
835.76
836.78
837.5
837.77
845.76
845.96
853.40
854.81
855.27
869.43
872.50
872.50
872.87
876.70
880.92
883.86
888.92
889.58
891.13
891.13
894.63
896.44
896.55
896.67
896.73
897.16
900.06
900.22

477.6
798.5
1699
1752
57.43
74.47
709800
230500
1730000
204500
3920000
300700
3878000
1136000
456300
2974000
149200
13120000
22.05
37510000
552200
26.15
46.32
408800
17130
771100
823400
828500
486700
16.8
64.19
6690
1148
93190
165630
120
934
76.29
42.75

2.2
2.9
5.1
4.6
1.1
–0.2
409.4
200.4
523.6
23.2
1496
135.2
1267
189.7
436
1336
110.9
1007
0.9
4018
115.1
–0.3
–0.3
295.7
44.8
1023
811.5
559.5
1798
0.7
0.7
17.9
6
97.8
386.4
0.5
0.5
0.6
0.8

61
45
53
65
33
19
–23
–13
16
24
55
–6
–3
–3
–20
26
4
–40
–1
–21
–61
15
–18
–31
–24
–13
–16
–30
32
–3
–24
–24
–35
6
33
64
18
–62
51
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Fig. 9. Characteristic magnetization inclination values (after demagnetization) plotted as a function of the stratigraphic position of samples
within the breccia sequence of the Yax-1 borehole.

heterogeneous material for paleomagnetic analysis.
Temperature/pressure conditions during cratering are high
and result in melting, formation of metamorphic minerals,
generation of shock features in quartz and plagioclases, and
widespread deformation of the crust (Melosh 1989). Material
incorporated into the Chicxulub breccia appears to have been
subjected to a wide range of temperature/pressure conditions
and presents, therefore, distinct magnetic signals. Further, any
subsequent alteration (e.g., hydrothermalism, weathering)
also alters the magnetic mineralogy to different degrees.
Paleomagnetic analyses of impact breccias need to take these
factors into account.
For a detailed interpretation of paleomagnetic data,
studies of the magnetic mineralogy, grain size, domain state,
and nature of remanent magnetization are needed. The Yax-1
~100 m-thick breccia sequence has been subdivided into six

subunits (Dressler et al. 2003). The study of emplacement
mode for the breccias has implications for the acquisition of
any remanent magnetism. The lowermost units are likely to
have been emplaced early in the formation of the crater, while
the uppermost units (Yb-5 and Yb-6) were deposited later
after settling through the atmosphere (Kring et al. 2004).
Relatively high emplacement temperatures may then be
expected for the lowermost breccia units. The high
temperatures of deposits and interaction with seawater may
result in hydrothermal alteration (which is further discussed
below). The petrological descriptions of Chicxulub impact
breccias suggest that they are characterized by a relatively
complex arrangement of basement-derived clasts and melt in
a carbonate or melt-rich matrix. Paleomagnetic data on melt
rocks from the Yucatán-6 borehole give coherent reverse
polarity magnetization with inclinations consistent with what
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is expected. In contrast, data for the suevitic breccias of the
Yucatán-6 borehole give more complex results with different
initial NRM inclinations (Urrutia-Fucugauchi et al. 1994).
Nevertheless, in those cases, AF demagnetization retrieves
ChNRM magnetizations with inclination around the expected
value (−44°) for Yucatán paleolatitude.
Hydrothermal effects may have resulted in formation/
destruction of magnetic minerals and changes in grain size
and domain state of magnetic carriers. Hydrothermal activity
has been documented in impact craters (e.g., Allen et al.
1982; Ames et al. 1998; Gibson et al. 1998). Detailed
observations on magnetic mineralogy and hydrothermal
minerals in the breccias are needed for interpretation of the
paleomagnetic data. Studies of the hydrothermal alteration in
the Yax-1 core are being conducted by other CSDP groups,
and some results are reported in accompanying papers in this
volume (Zurcher and Kring 2004). Thermal effects
associated with large impacts have been generally related to
three major heat sources from impact shock wave, impactrelated crustal rise of central uplift, and the impact melt
sheet. Pilkington and Hildebrand (2000) discussed
hydrothermal activity in impact craters and analyzed possible
effects on the aeromagnetic anomaly within the central sector
of Chicxulub crater. They estimate an initial temperature of
>500 °C for the region above the central uplift by assuming a
structural uplift of 18 km and the hydrothermal model of
Masaitis and Naumov (1995). The major dipolar anomalies
across Chicxulub correspond to a reversed polarity
magnetization, which correlates with the paleomagnetic data
of the melt-rock samples (Urrutia-Fucugauchi et al. 1994).
Pilkington and Hildebrand (2000) note that the Yucatán-6
samples may represent the less magnetic portion of the melt
sheet rather than the highly magnetic zones closer to the
center. Pilkington and Hildebrand (2000) propose that these
magnetic anomaly zones correspond to localized
hydrothermal alteration systems that produce strongly
magnetic phases (magnetite). Since the polarity of the
magnetizations is reversed, the hydrothermal magnetic
minerals were magnetized during the reverse chron 29r.
Thus, it follows that the cooling time for the Chicxulub melt
sheet might have been relatively short, on the order of less
than 250–300 kyr. A cooling time of about 1 Ma has been
proposed for the Sudbury crater, assuming a 2.5 km-thick
melt sheet and pure conduction for heat loss (Ames et al.
1998). However, heat transfer by convection may
significantly reduce cooling time estimates, and Pilkington
and Hildebrand (2000) interpret concentric patterns in the
aeromagnetic anomaly as shallow regions with ferromagnetic
minerals deposited by hydrothermal fluids in fault/fracture
radial systems. If cooling time is somewhat larger, then
hydrothermal activity may have persisted for a longer
interval. The geometry of the central uplift in Chicxulub has
been a matter of discussion, and the size of the melt sheet and
the central crustal uplift have been difficult to determine.

Kring (1995) proposed that the melt sheet may have been on
the order of 3–7 km in thickness and may have extended over
a 100 km-diameter zone at the central sector of the crater.
Ortiz-Aleman and Urrutia-Fucugauchi (Forthcoming), from
modeling of the aeromagnetic anomalies, suggest that the
highly magnetic melt sheet extends some 45 km radially
from the center, and magnetic sources lie between depths of
~2–4 km. To better constrain initial temperatures and the
subsequent cooling history, the precise geometry of the
central uplift and thickness of melt-rocks is required.
The Yax-1 borehole is located to the south of the high
amplitude aeromagnetic anomaly pattern, at a zone of
medium to small amplitude anomalies. The Yax-1 breccias
are characterized by brownish to greenish colors and contain
clay minerals such as smectite and illite, which are indicative
of low temperature hydrothermal alteration. The ChNRM
inclinations observed in the breccia sequence at Yax-1 define
intervals of dominantly upward (reverse polarity) values and
shorter intervals of downward (normal polarity) values (Fig.
9). Demagnetization vector plots show the occurrence of
multi-component remanences with overlapping spectra (Fig.
4 and 5). Steiner (1996) reported paleomagnetic data for melt
samples from the Yucatán-6 borehole, which show an
intermediate unblocking temperature (350–400 °C)
component of normal polarity. This component may
correspond to a thermoviscous magnetization produced by
hydrothermal activity. The paleomagnetic data for the breccia
and melt samples are indicative of a long period of remanence
acquisition, which could be associated with circulating
hydrothermal fluids that continued to affect highly porous and
permeable sections of the breccias.
Sharpton et al. (1992) and Swisher et al. (1992) reported
40Ar/39Ar dates of 65.2 ± 0.4 Myr and 64.98 ± 0.05 Myr,
respectively, for melt samples from the Chicxulub-1 and
Yucatán-6 boreholes located toward the central sector of the
structure (Fig. 1). The dates fall within the reverse chron 29r,
which Cande and Kent (1995) bracket between 64.745 and
65.578 Ma. Assuming that the K/T boundary is at 65 Myr, it
lies within the upper half of chron 29r. That is, after the K/T
event, the magnetic polarity remained reversed for some
250 kyr. Uncertainties in absolute dating of chrons prevent a
finer resolution (e.g., Wei [1995] proposed the end of chron
29r at 64.613 Myr). Assuming that hydrothermal activity
persisted for an extended period after impact, likely in excess
of a million years, magnetization acquisition processes may
have also extended into the following normal chron (or
normal and reverse chrons). Chron 29n is bracketed between
63.976 and 64.745 Myr (Cande and Kent 1995) (see also Wei
[1995] chron 29n between 63.821 and 64.613 Myr).
CONCLUSIONS
Results of a detailed paleomagnetic and rock-magnetic
study of samples of the impact breccia sequence cored in the
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Yax-1 borehole between ~800–896 m permit the
characterization of the magnetic mineralogy and
documentation of the paleomagnetic signal.
The low-field susceptibility of the breccia sequence
varies widely, ranging from −0.3 to 4018 × 10−6 SI. The NRM
intensity also display a strong variation, ranging from
0.02 mA/m to 37510 mA/m. In general, NRM intensity and
magnetic susceptibility values are positively correlated,
pointing to varying magnetic mineral contents within the
carbonate and melt and basement clasts. The nature of matrix,
whether carbonate- or melt-rich, also determines the
susceptibility and NRM intensity values. The Yax-1 breccia
sequence is relatively thin and composed of several subunits
(from 794.63 m to 894.94 m). The magnetic susceptibility
data indicates that these breccia units contain a wide and
variable range of magnetic mineralogies, and this may reflect
a heterogeneous composition of melt and basement
fragments. Somewhat higher values (peaks) are observed
within the intermediate breccia subunits, corresponding to
Yb-3 and Yb-4. Low values are observed within the upper
two subunits of Yb-1 and Yb-2 (Fig. 2).
The vectorial composition and magnetic stability of
NRM were investigated by both stepwise alternating field and
thermal demagnetization. In most cases, characteristic
magnetizations with linear components going through the
origin of vector plot are observed. Both upward and
downward inclinations are observed in the breccia samples
with an apparent pattern in terms of depth (Fig. 9).
Paleomagnetic data for the melt sampled in the Yucatán-6
borehole indicate a thermal origin for the remanent
magnetization, suggesting a high temperature emplacement
(Urrutia-Fucugauchi et al. 1994). Kring et al. (2003) conclude
that the melt unit was deposited while still molten and was
brecciated after solidification. We suggest that the lower
portion of the breccias carry a themoremanent magnetization
(with overprints related to the hydrothermal system). The
hydrothermal system was likely active for a long period,
extending through reverse chron 29r and into normal chron
29n. Breccias are rich in basement clasts and melt fragments
with varying sizes and have experienced hydrothermal
effects, which make them highly heterogeneous materials for
standard paleomagnetic analysis. The breccia matrix presents
distinct characteristics, varying from melt-rich to carbonaterich, and different textures from coarse- to fine-grained. The
uppermost breccia subunit shows characteristics of having
been redeposited, being fine-grained and melt-rich, with well
sorted clasts. These characteristics and processes may explain
the paleomagnetic polarity and wide ranges in rock magnetic
parameters observed in this study of the Yax-1 breccias.
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