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ABSTRACT

Formation of carbonates involve an inter-
play of processes, including climate, ocean
circulation, marine organisms, sediment
sources, transport, deposition and diagene-
sis. The Yucatan peninsula is characterized
by a thick carbonate sequence, which has
been studied by geological-geophysical sur-
veys and drilling. Characterizing carbonate
systems remains an importzmt yet complex
undertaking. Here, results of a magnetic
susceptibility and X-ray fluorescence geo-
chemical study are used to characterize the
Paleogene carbonate sequence in the Tekax
borehole of the Chicxulub Drilling Program.
The carbonate sequence is ~222 m thick,
formed by limestones, dolomites, carbonate
breccias and evaporites. Changes in Si, Ca,
Fe, Mg, Al, Ti and magnetic susceptibility
correlate with lithology downcore. The Ca
contents vary through the sequence with a
trend around 24% and low discrete values.
The upper unit shows higher Ca contents.
The Si contents vary downhole, between
about 0.03 to 38 %. The carbonates show
weak magnetic susceptibilities associated
with diamagnetic and paramagnetic min-
erals, characteristic of carbonate sediments
and reduced terrigenous input. Magnetic
hysteresis shows fine grained low coercivity
magnetite and titanomagnetites, with PSD
and MD domain states. Six units are iden-
tified through the lithological column. The
carbonate sequence shows effects of varying
dissolution, fracturing and dolomitization.
The lower carbonate unit above the breccia
contact shows evaporites, with gypsum and
anhydrites.

Keywords: Chicxulub crater, Tekax
borehole, Yucatan peninsula,
Paleogene carbonate sequence,
Magnetic susceptibility, X-ray
fluorescence.

RESUMEN

La formacion de  secuencias carbonatadas
involucra diferentes factores, incluyendo clima,
circulacion ocednica, organismos, fuenles de
sedimentos, transporte, diagénesis y sedimenta-
cion. La peninsula de Yucatdn se caracteriza
por secuencias de carbonatos, estudiadas en
proyectos geoldgico-geofisicos y de perforaciones.
La caracterizacion de carbonatos continiia
presentando retos. En este estudio, se analizan
los registros de susceptibilidad magnética y
geoquimica de fluorescencia de rayos X de la
secuencia Paledgena del pozo Tekax, Programa
de Perforaciones  Chicxulub.  La  secuencia
Tekax estd formada por calizas, dolomias, bre-
chas carbonatadas y evaporitas. Los registros
de St, Ca, Fe, Mg, ALy Ti y de susceptibilidad
magnética se correlactonan con la ltologia.
El contenido de Ca varia con la profundidad,
alrededor de un 24% con valores discretos
bajos. La unidad superior muestra contenidos
mds altos. El contenido de St varia entre 0.03
9 38%. La susceptibilidad magnética presenta
valores  bajos diamagnéticos y paramagné-
ticos, caracteristicos de carbonatos con bajo
aporte de terrigenos. Mediciones de histéresis
a campos hasta 1.5 T indican minerales de
baja  coercitividad,  posiblemente magnetita
Y litanomagnelitas con estados de dominio
PSD y MD. Se identifican seis unidades en
la seccion del Paledgeno. La secuencia muestra
efectos vanables de disolucion, fracturamiento y
dolomitizacién. Los sedimentos basales arriba
de las brechas de impacto muestran horizontes
de evaporitas con yesos y anhudritas.

Palabras clave: Crater Chicxulub,
Pozo Tekax, Peninsula de
Yucatan, Secuencia carbonatada
del Paleogeno, Susceptibilidad
Magnética, Fluorescencia de
rayos X
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1. Introduction

Platform carbonate sequences show complex spa-
tial-temporal distributions, being major compo-
nents in the geological record. The formation of
carbonates involves an interplay of factors includ-
ing geologic setting, sea-land interactions, climate,
bathymetry, ocean circulatiocn, sea level, sediment
transport and diagenesis (Burchette and Wright,
1992; Pomar and Hallock, 2008; Reijmer, 2021).
The carbonate sequences are major hydrocarbon
reservoirs, which include the giant oil fields in the
Arabian Peninsula and Gulf of Mexico (Viniegra,
1981; Santiago-Acevedo and Baro, 1992; Bratton
et al., 2006). Characterizing carbonate systems
remains an important, yet complex undertaking,
In the Gulf of Mexico-Caribbean Sea, a major
tectonic element is the Yucatan Block with carbon-

ate sediments deposited over an igneous-metamor-
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phic basement of Pan-African affinity (Marton
and Buffler, 1994; Bird et al., 2005; Keppie et al.,
2010; Zhao et al., 2020). Scarcity of pre-Cenozoic
outcrops has limited the stratigraphic studies, with
analyses relaying on borehole data and geophys-
ical models (Lopez-Ramos, 1975). The oil explo-
ration program included geological mapping,
gravity surveys and drilling, with the Chicxulub-1,
Sacapuc-1 and Yucatan-6 boreholes drilling
through >1-1.1 km thick carbonate sediments in
northern Yucatan. The boreholes and geophysical
logs provide stratigraphic data on the carbonate
cover, with intermittent core recovery providing
samples of carbonates and the Chicxulub impac-
tite sequence (Hildebrand et al., 1991).

The Cenozoic sedimentation history has been
intensively investigated from offshore drilling and
geophysical surveys (Galloway et al., 2000). Eustatic
and tectonic events and ocean circulation changes
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m Chicxulub Drilling Program in northern Yucatan. (a) Location of drilling sites with the Tekax borehole in the southern sector.
Nearby drilling sites include the Santa Elena and Peto boreholes, which sampled the carbonates and impactites. (b) Schematic column of
Tekax borehole with the Paleogene carbonate sequence, impactite breccia sequences (Urrutia-Fucugauchi et al., 1996a, 2011; Rebolledo-

Vieyra and Urrutia-Fucugauchi, 2006).
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have resulted in a complex stratigraphy, with major
breaks during the Cretaceous/Paleogene (K/Pg)
and the Paleocene-Eocene boundaries recorded
(Galloway et al., 2000; Cossey et al., 2016). The
ejecta, tsunami, debris flows and collapse depos-
its associated to the Chicxulub impact provide a
regional basin wide stratigraphic marker horizon,
which is associated with a major erosive event and
regional hiatuses (Denne e al., 2013; Sanford ez
al., 2016). The impact ejecta has been traced in
the Campeche Escarpment, marking a reference
horizon in the Yucatan platform (Paull et al., 2014).

The asteroid impact on the Yucatan carbonate
platform formed a large ~200 km diameter crater
with a complex multiring morphology (Hildeb-
rand e al, 1991, 1998; Sharpton et al., 1992;
Schulte et al., 2010). The Chicxulub crater has
been investigated with geophysical surveys, mod-
eling and drilling programs (Urrutia-Fucugauchi
et al., 2004, 2008, 2011; Collins et al., 2008; Gulick
et al., 2013; Doung et al., 2023). The impact

B A

" TK-D 107.6-110.0m

formed a depositional basin within the platform
that was filled by carbonate sediments, up to 1.1
km in its central sector. The post-impact carbon-
ate sequence provides a high resolution tectonic,
paleoclimate and paleoceanographic record,
which has been studied as part of the Chicxulub
drilling programs with continuous core recovery,
which sampled the carbonates and the impactite
ejecta (Urrutia-Fucugauchi et al, 1996a, 1996b,
2011). Three boreholes in the southern crater
sector, Santa Elena, Peto and Tekax, sampled the
impact breccias and the carbonate cover.

The Chicxulub drilling program provided
the first continuous lithological columns of the
impactite sequence and post-impact sediments. As
part of the studies, magnetic susceptibility logging
of the Tekax impact breccias documented the
inverted stratigraphy with the basement and melt
rich breccias on top of the carbonate rich brec-
cias. The upper breccias show high susceptibilities
associated with the melt and basement clasts;
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Tekax borehole cores for the Paleogene carbonates. Core boxes images for intervals through the sequence.
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while the lower breccias show low susceptibilities
associated with the carbonate clasts and matrix
(Urrutia-Fucugauchi et al., 1996a, 1996b, 2014).
The inverted ejecta stratigraphy is a characteristic
of the ejecta emplacement during collapse of the
ejecta plume and lateral curtains.

We present initial results of a rock magnetic
and geochemical study of the Paleogene car-
bonate sequence in the Tekax borehole, which
sampled a 222.2 m thick section of carbonates
overlying the Chicxulub proximal breccias (Figure
1). In the study we use magnetic susceptibility and
x-ray fluorescence (XRF) logging to characterize
the sediments. Additionally, we use a staining
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method to characterize limestones and dolomites,
analyzing calcium and magnesium contents and
replacement percentages.

1.1. TEKAX BOREHOLE

The Tekax borehole was drilled as part of the
Chicxulub drilling program, undertaken to inves-
tigate the impactite breccias and melt rocks, the
post-impact sediments and the target sequences
(Urrutia-Fucugauchi e al., 1996a, 1996b; Rebolle-
do-Vieyra et al., 2000). The drilling site is located
approximately 3.4 km east of the town of Tekax in
southern Yucatan (Figure la).

Tekax Borehole

Clay imestones

Lutiles

Dolomites

Breccialed Imoeslones

Dolomitic limestones

Dolomiles and
brecclatad imestones
DolomiUo limestones
gypoum, anhydriles

Suevites

MTekax borehole lithological column for the Paleogene carbonate sequence (Ortega-Nieto, 2014). The interval is from 0 to 222
m depth, above the impact breccia-carbonate contact at 222.1 m.
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The drilling site lies outside the crater rim as
marked by the ring of cenotes (Connors el al.,
1996), about 126 m away from the crater center
at Chicxulub Puerto, between the gravity rings 3
and 4 identified by Sharpton ef al. (1993). It is in
the southern sector, east of the Ticul fault. Nearby
drilling sites include the Ticul, Peto and Santa
Elena boreholes (Figure 1).

The Tekax borehole was drilled as part of the
Chicxulub drilling program, using a JKS Boyles
BBS-37 rig. The maximum drilling depth was
702.4 m, with a core recovery of 651.1 m (Fig-
ure 1b), which represents 99% total recovery.
The lithological column shows a thin soil layer,
the Palcogene carbonate sequence 222.2 m thick
and the breccia sequence (Figure 1b). The basal
sediments show presence of evaporites and marls,
with carbonate breccias. The impactite sequence
is formed by upper basement and melt rich brec-
cias and the lower carbonate rich breccias in an
inverted stratigraphy. The upper breccia unit was
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drilled between 222.2 m and 348.4 m and the
lower breccias between 348.4 m and 702.4 m
(Urrutia-Fucugauchi et al., 1996a).

Paleomagnetic studies of the basal carbonates
above the contact with the impact breccias show
a reverse polarity for the breccias and normal
polarity for the carbonates (Rebolledo-Vieyra and
Urrutia-Fucugauchi, 2006). Results for the first 20
m from 224 to 204 m across the contact show five
polarity chrons from ch29r to ch27n. The mag-
netic susceptibility shows a drop from high values
in the breccias to low diamagnetic values in the
basal carbonates.

The preliminary lithological column was
defined from macroscopic analyses of textures,
color, fracturing and matrix and clast contents
(Figure 2). A study by Ortega-Nieto (2014) based
on petrological observations permitted to define
the lithological column (Figure 3), which is used in
this study.
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m Rock magnetic analyses of the Tekax carbonate sequence. Hysteresis loops before slope correction showing response of the
diamagnetic and paramagnetic minerals.
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2. Methods

lithology, textures, color and degree of fracturing

METHODS
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The continuous coring with high core recovery
rates permits to investigate the lithological column
and their changes with depth. Physical property
logging and geochemical studies are well suited
for characterization of carbonate sediments.
Magnetic susceptibility logs have been used to
study sedimentary formations and for lateral
well correlations (Robinson, 1993; Nowaczyk,
2001; Urrutia-Fucugauchi et al., 2014). X-ray flu-
orescence analyses on drill core samples provide
information on sediment chemical composition,
which permits to characterize the drill columns,
providing data on the lithology and stratigraphy
(Weltjee and Tjalingii, 2008; Hoelzmann et al.,
2017; Garcia-Garnica and Pérez-Cruz, 2022).

In this study, we use magnetic susceptibility
logging and XRI analyses on the borehole cores.
Selection of sampling intervals is based on the

macroscopic descriptions, considering changes in

+400 E-9

+100 E-9

and brecciation (Dunham, 1962; Ortega-Nieto,
2014; Figure 2).

Magnetic susceptibility is a measure of how
magnetizable a material is under an applied mag-
netic field, which varies with the mineralogy and
domain state of the magnetic minerals (Dunlop
and Ozdemir, 1997). Magnetic susceptibility is
a useful parameter for characterizing different
lithologies, with a wide range of susceptibilities.
The susceptibility depends on mineralogy, size,
shape, crystallographic arrangement, and chemi-
cal alterations, plus the magnitude of the external
field. Rocks with titanomagnetite contents, such as
basalts, have higher magnetic susceptibilities than
sedimentary rocks with less magnetic minerals,
such as limestones.

The susceptibility was measured with a Bartington
MS2 meter equipped with the MS2B double fre-
quency sensor with frequencies of 0.465 and 4.65

kHz and calibration accuracy of 1 % (Dearing e
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m Hysteresis loops after slope correction, showing saturation at low fields.
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al., 1996). Measurements were taken with spacing
around 20 cm.
Further study of the magnetic properties was
made measuring the magnetic hysteresis, isother-
mal remanent magnetization (IRM) acquisition
and back field demagnetization of saturation IRM
(Dunlop and Ozdemir, 1997). Measurements were
done in a MicroMag system, with applied direct
fields up to 1.5 T. Analysis of domain state was
made using the magnetization-coercivity plot for
the ratios of remanent magnetization (Mr) and
saturation magnetization (Mrs) as a function of
the ratios of remanent (Ber) and coercivity (Bc).
Analysis of domain state for the single domain
(SD), pseudo-single domain (PSD) and multi-
domain (MD) was done with the ratio plot (Day et
al., 1977; Dunlop, 2002).

For the XRF geochemical study, we used the
Thermo Scientific Niton XL3t analyzer, which
uses a miniaturized 50 kilovolt tube connected to a

computer for processing and data storage. A digital

imaging scanner records the analyzed surfaces and
contact points with the X-ray tube. Measurements
are taken in mining mode, with exposure time of 2
minutes. Measurements are taken at 20 cm inter-
vals from 0 to 222 m depth. The XL3t analyzer
has been used for semicontinuous analyses in field
outcrops and logging cores (e.g, Hoelzmann et al.,
2017).

Alizarin red is an organic dye found in orange
powder, which has been used in the field and
laboratory (Dickson, 1965, 1966). It is diluted in
hydrochloric acid to create a staining solution.
For this study, 500 ml alizarin red is diluted with
1-2 % HCL in 1-liter distilled water, which allows
calcite to react with other carbonates more slowly.
Increasing HCL content results in more active
effervescence and no staining (Salomon and
Vazquez, 2012). The solution will dye the calcite
showing a red color. Rock surfaces are washed
with distilled water, especially if the rock is micro-

porous, and the staining solution is applied leaving

0.5
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[ © PSD
03 _: Tekax 91.7
[ Tekax 16D.7
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m Magnetization-coercivity ratio plot of domain states for the carbonate sequence.
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it for about 4 minutes. Application of alizarin red
solution will show a red dye. The depth, reac-
tion time and the coloration of each sample are
recorded. Reaction times were on average 25 s for
the calcite (Salomon and Vazquez, 2012).

3. Results

The magnetic susceptibility is characterized
by diamagnetic and paramagnetic response,
with weak negative and positive susceptibilities.
The diamagnetic signal is dominant downcore,
correlating with the carbonate lithologies and
reduced terrigenous input. The magnetic hyster-
esis loops show diamagnetic and paramagnetic
behavior, with limited ferromagnetic contribution.
No contributions of high coercivity minerals are

observed. Before slope correction, loops show

diamagnetic and paramagnetic loops (Figure 4).

After slope correction, the magnetic loops show
saturation at small fields, suggesting fine grained
titanomagnetites (Figure 5). The IRM acquisition
curves show saturation at low fields. In the mag-
netization-coercivity ratio plot, samples from the
different units fall in the PSD field, with some
showing MD domain states (Figure 6) The XRF
analysis characterizes the chemical elements
through the carbonate sequence, characterized
by high calcium contents with relatively constant
concentrations around 22-26 %. The contents for
Ca, AL, K, Fe and Ti are plotted as a function of
Si (Figure 5). The Ca-Si diagram shows an inverse
relation. The Fe, Al, K, and Ti contents show
positive correlations. The Mg contents vary up to
27% (Figure 7). Examples of chemical analyses
using the alarzin red hydrochloric acid solution
are shown in Figure 8. Fast staining reactions char-
acterize limestones, while low reaction responses

indicate dolomitization. The high concentration
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Element plots for XRF analyses of Tekax carbonates for Ca, Fe, Al, K and Ti as a function of Si and Mg as a function of Ca.

Regression lines are fitted to the data points.
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of rapid response is between 50 and 75% (Figure
9). The magnetic susceptibility, geochemical logs
and chemical staining analyses document changes
in the carbonate sequence downcore (Figures 10
and 11). The Ca contents vary downcore, with a
trend around 24% and interspaced discrete low
values. The upper sediment unit shows higher
Ca contents towards the surface and decreasing
downwards. The Si contents vary downhole, from
small values up to ~40% and a trend with highs
and lows downcore.

4. Interpretation and Discussion

Magnetic susceptibility and geochemical studies
are well suited for characterization of carbonate
sediments. The initial characterization of the
units was based on the core characterization and
geochemical logs. The carbonate sequence shows
effects of varying dissolution, fracturing and

dolomitization. The aluminum, titanium, iron

and silica logs show similar trends downhole. The
magnetic susceptibility and chemical element log
fluctuations correlate with the lithology, with six
units defined (Figures 10 and 11).

Unit TK-A (152-222 m) is formed by dolomitic
limestones with signs of bioturbation and light
gray tones. At ~206 m, lithology changes to con-
solidated grey-white crystalline limestones with
evaporitic nodules of variable sizes from 0.5 cm
to 5 cm and fracture. Unit TK-B (130-152 m) is
formed by dolomitized limestones and breccias
with Si and Fe contents decreasing and variable
contents of Al and Mg. Unit TK-C (105-130 m)
shows similar lithological characteristics with
increase in Si contents and higher Fe contents and
magnetic susceptibility. Unit TK-D (72-105 m) is
formed by dolomitic breccias with fragments of
angular to subangular clasts ranging from 2 mm
to 10 cm sizes, supported by light to dark brown
dolomite cement. It presents moderate consolida-
tion, with vugular porosities, selective dissolution
of cement and fractures. Unit TK-E (28-72m) is

150.4 m 165.7 m

175.1m

Examples of application of the alarzin red hydrochloric acid solution for cores from different depths through the sequence.
Images show the staining reaction.
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formed by dolomitic breccias, with light brown
angular to subangular 0.2-5 cm size clasts in a
clayey carbonate matrix of moderate to poor
consolidation. Unit TK-F (0-28m) is composed by
dolomitized crystalline limestones with cream to
light brown tones, below a thin soil cover. It shows
~10-15 cm thick clay horizons with brown-light
orange tones. Some parts show limestone clasts in
a dolomitized matrix.

The basal sediment section above the impact
breccia contact includes evaporites with gyp-
sum and anhydrites from 221 m and decreasing
upwards to 210 m. Underlying the evaporites are
four meters of smectitic clays. Above the clays,
selective dissolution affected the ostracod remains.
The magnetic susceptibility shows diamagnetic
response, with no indication of hydrothermal
alteration or dissolution from the underlying
impact breccias.

The hysteresis before slope correction for
samples of the basal unit shows a paramagnetic
response with a well-defined after slope correction
curve (Figures 4 and 5). The basal sediments show
evidence of hydrothermal alteration, and it is
interesting that the magnetic hysteresis loop before
slope correction shows a paramagnetic behavior
(Figures 4 and 5). The hysteresis loop after slope
correction shows low saturation, likely magnetite
or titanomagnetites with higher particle size and
MD state (Figure 6). Higher magnetic susceptibil-
ities have been observed at the basal sediments in
the Santa Elena and Yaxcopoil-1 boreholes, which
have been associated with hydrothermal alter-
ation (Escobar-Sanchez and Urrutia-Fucugauchi,
2010). Analyses of the magnetostratigraphic and
stable 1sotope logs for those boreholes have doc-
umented a hiatus at the boundary interval (Urru-
tia-Fucugauchi and Perez-Cruz, 2008).

The terrigenous input to the sediments in the
magnetic susceptibility and chemical logs appears
to have been relatively small. The magnetic
susceptibility 13 dominated by diamagnetic and
paramagnetic minerals, with reduced terrigenous
input and no indication of volcanic material.

The circum-Caribbean and Central America

Depth (m)
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magmatic province has been characterized by
intense explosive volcanic activity (Sigurdsson et
al., 2000; Schindlbeck et al., 2016). Tephra layers
have been identified in marine boreholes, which
provide a record of volcanic activity in the region.
Sigurdsson et al. (2000) identified three intervals
of explosive activity in the last 55 Ma, during the
Paleocene-early Eocene, middle Miocene and
Quaternary. Further analyses with high resolution
might provide indications of volcanic ash input in
his area of the gulf.

Above 178 m depths, we interpret a change
from an internal platform environment with pres-

ence of grainstone-packstone textures to a sub-
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carbonate sequence.
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tidal with the grainstone textures. The downhole
changes are associated with eustatic variations. On
ramp platforms, mounds are located close to the
coastline or lagoon areas (Burchette and Wright,
1992). Towards the section top, dolomitization is
intense with an environment of middle internal
platform.

In the upper section three units are defined
from element concentrations including Ca and
Si and the susceptibility log (Figure 10). The Ca
shows little variation downcore with contents
around 22-26%, except for the TK-I" and TK-E
sediments, which have higher contents at the sur-
face and decrease downwards to TK-D. Si has low
contents less than 10%, with a range up to 38%,
with a low wavelength trend with highs and lows
downcore for TK-D, TK-C and TK-B units.

The TK-D, TK-C, TK-B and TK-A downcore
show small amplitude high frequency changes in
Ca content. Units are distinguished by variations
in Si, Fe, T1 and magnetic susceptibility (Figure 10,
11). The TK-C unit has higher calcium contents
and changes in magnetic susceptibility. The TK-B
and TK-A units show similar trends and in the
graph they have separated due to a gap in logging.
Correlation of logs might constrain the source of
Si, which can be from terrigenous or biogenic sil-
ica. The silica, aluminum, titanium, and iron logs
show similar trends.

The Paleogene carbonates have been cored
in the drilling projects, including the Pemex
exploratory and the Chicxulub drilling programs
(Urrutia-Fucugauchi et al, 1996b, 2004, 2008,
2011; Gulick et al., 2017). The stratigraphy of the

Ca (%) Log Fe
1 21 41 0.001 0.1 10
- TR ) " i
10m /; -
2Lm % : TK-F
30m g :
40m o
50m
com TK-E
70m j4-§ == .
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90m ﬁfg
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mceochemical logs of the Tekax carbonate sequence for Ca, Si and Fe and the magnetic susceptibility log. For symbols of the
lithological column refer to Figure 2. The units TK-A, TK-B, TK-C, TK-D, TK-E and TK-F are indicated.
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Paleogene sedimentary sequence has been defined
from surface geology and borehole correlations
(Lopez-Ramos, 1975). Borehole correlations of
the Chicxulub drilling program still require fur-
ther constraints to define the age of sequences.
Paleomagnetic and isotope geochemical data
are available for the basal units above the brec-
cia-carbonate contact in the Santa Elena, Peto
and Tekax and for the Yaxcopoil-1 boreholes
(Rebolledo-Vieyra and Urrutia-Fucugauchi, 2004,
2006; Urrutia-Fucugauchi and Perez-Cruz, 2008).
Studies of the Paleogene-Eocene thermal maxi-
mum and hypothermal events provide additional
constrains (Marca-Castillo ¢t al., 2017; Lowery et
al., 2021; Garcia-Garnica and Pérez-Cruz, 2022).
Marine seismic surveys provide information on
the regional stratigraphy, defining stratigraphic
packages and regional unconformities that have
been correlated to the boreholes (Bell ¢t al., 2004;

@ | Boletin de la Sociedad Geoldgica Mexicana | 76 (3) / A010324 / 2024

Whalen et al., 2013; Salguero-Hernandez et al.,
2020). Correlations to the MO0077A borehole
drilled on the crater peak ring of the marine sector
provides further constraints (Gulick et al., 2017),
yet correlating the M0O077A column to the onland
boreholes presents uncertainties.

Carbonate deposits constitute important
hydrocarbon reservoirs worldwide including the
giant and supergiant fields. The study of carbon-
ate deposits presents challenges associated with
the characterization of limestones and dolomites,
estimates of porosity and permeability, and alter-
ation and deformation effects (Akbar et al, 1995;
Bratton et al., 2006). Ahr et al. (2005) have analyzed
the difficulties in the characterization of carbon-
ate reservoirs and the apparent heterogeneity
and classification schemes. Among the difficulties
in characterization are the dolomitization and

modes of dolomite replacement (Al-Awadi et al.,

Log Mn K (%)

m Geochemical logs for Al, Mn, Mg and K. The units TK-A, TK-B, TK-C, TK-D, TK-E and TK-F are indicated.
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2009), with dolomitization related to porosity in
carbonates by replacing Ca ++ ions by Mg ++
1ons, reducing the pore volume up to 12 to 13%.

5. Conclusions

XRF geochemical and magnetic susceptibility log-
ging provides a characterization of the Paleogene
carbonate sequence in the Tekax borehole, with
six carbonate units distinguished downcore.

The carbonates show weak magnetic susceptibili-
ties associated with diamagnetic and paramagnetic
minerals, with no input of volcanic ash. Magnetic
hysteresis shows fine-grained low-field saturation
magnetite and titanomagnetites, with PSD and
MD domain states. The hysteresis loops before
slope correction are dominated by the diamagnetic
signal. The magnetic susceptibility log shows low
amplitude fluctuations. The downhole changes in
Si, Ca, Fe, Mg, Al and 'T1 correlate with carbon-
ate lithology, characterizing the column. The Ca
contents vary through the sequence with a trend
around ~24% and interspaced low discrete values,
with the upper unit showing higher Ca contents.
The Si contents vary downhole, between about
0.03 to 38%.

Unit TK-A (152-222 m) is formed by dolo-
mitic limestones with signs of bioturbation and
light gray tones. At ~206 m, lithology changes to
consolidated crystalline limestones with evaporitic
nodules of variable sizes and fractures. Unit TK-B
(130-152 m) is formed by dolomitized limestones
and breccias with Si and Fe contents decreasing
and variable contents of Al and Mg. Unit TK-C
(105-130 m) shows similar lithological character-
istics marked with increase in Si and Fe contents
and magnetic susceptibility. Unit TK-D (72-105
m) is formed by dolomitic breccias with fragments
of angular to subangular clasts, supported by
dolomite cement. Unit TK-E (28-72m) is formed
by dolomitic breccias, with angular to subangu-
lar clasts in a clay carbonate matrix. Unit TK-F
(0-28m) is composed by dolomitized crystalline
limestones, with thick clay horizons and dolo-

mitized limestone breccias.

The geochemical and magnetic techniques per-
mit to characterize carbonate sequences in wells
with continuous and intermittent core recovery.
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