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RESUMEN

A partir de lamodel acién sintética de la peninsula de Yucatéan se pudo establecer que el efecto de costa sobre las mediciones
magnetotel Uricas realizadas en la region de impacto de Chicxulub es despreciable.

La plataforma marina que circunda a la peninsula produce un moderado efecto de costa en un rango de periodos (T= 10 a
1000 s) que no se corresponde con los periodos (T= 1 a 10 s) que definen la anomalia conductora en las curvas de resistividad
€l éctrica aparentes observadas en las 22 estaciones MT.

Estos resultados |e of recen una alta confiabilidad alos obtenidos del levantamiento M T, por lo que se proponen otras éreas,
igualmente confiables, para gjecutar nuevas mediciones MT.

PALABRAS CLAVE: Sondeo magnetotel irico, modelacion 3-D, efecto de costa, crater de Chicxulub, peninsula de Yucatan.

ABSTRACT

Three-dimensional synthetic modeling of magnetotelluric sounding data of the Yucatan peninsula suggests that the coast
effect on the magnetotelluric measurements carried out over the Chicxulub impact region is negligible. The marine platform
surrounding the Yucatan peninsula yields a moderate coast effect in a period range T= 10 to 1000 s, outside of the period range
associated wih the conductivity anomaly of the crater (T=1to 10 s). These results provide a framework for the interpretation of
MT soundings previously obtained in the Chicxulub crater and define other areasfor future MT surveysin the Yucatan peninsula.
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INTRODUCTION

Discovery of the Chicxulub crater on the Yucatan pen-
insula, Mexico (Figure 1), with an age at the Cretaceous-
Tertiary boundary (65 million years b.p.) supports the hy-
pothesis of an extraterrestrial impact (Alvarez et al., 1980).

During the past decade, geophysical studies have been
carried out at the Chicxulub impact structure, including grav-
ity and magnetic information (e. g., Hildebrand et al., 1991,
1998; Sharpton et al., 1993; Filkington et al., 1994; Espindola
et al., 1995). Different models (e.g., four rings basin, simple
ring, with diameter of 300 km, 180 km diameter, with cen-
tral structural high with twin peaks) have been proposed.

Recently, models have been based on marine seismic
reflection profiles (e. g., Morgan et al., 1997). In addition,
lithological and geomorphological information was compiled
in order to document the subsurface stratigraphy (e. g.,
Connors et al., 1996; Urrutia-Fucugauchi et al., 1996).

Magnetotelluric (MT) soundings provide information
on the conductivity structure of the Yucatan peninsula (Cam-
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pos-Enriquez et al., 1997). Twenty-two M T soundings were
measured along two radial AA’ and BB’ profiles (Figure 2).
The survey showed the presence of fracture zonesinthelower
crust, and no evidence of amantle uplift. Delgado-Rodriguez
et al. (2000) carried out a1-D inversion of profile BB’ using
the Bostick (Goldberg and Rotstein, 1982) and Occam algo-
rithms (Constable et al., 1987). They provided support of a
1-D representation and they found a diameter of approxi-
mately 200 km for the crater. Arzate et al. (2000) carried out
a2-D inversion of both profiles, and established a diameter
of the structure of around 195 km.

The peninsular environment raises the question of the
dependence of the electromagnetic models on the coast ef-
fect (Dosso and Meng, 1992). This paper discussesthe coast
effect on the MT soundings performed over the Chicxulub
impact structure.

COAST EFFECT
The coast effect in electromagnetic observations was

described by Parkinson (1959) as aresult of the influence of
thehigh electric conductivity of seawater (Kellet et al., 1991).
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Fig. 1. Study area. Two of the proposed diameters of the structure are indicated with the town of Progreso in the center.

The influence of a highly conductive body may affect geo-
magnetic measurements in a way that suggests a spurious
presence of a conductive stratum in the interpretation of
curves p(w) and ¢(a). In addition, it can mask the real effect
of an anomal ous conductive body, possibly associated with
the Chicxulub impact crater.

Laboratory models of the coast effect have been con-
structed, which simulate conditions in different situations
(Mengetal., 1979; Nienaber et al., 1979; Hebert et al ., 1983;
Chen et al., 1990). Dosso and Meng (1992) empirically de-
termined some mathematical relations that estimate the ef-
fect for continental conditions and for islands.
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The coast effect is measured by means of the relation
B,/ B,n. between the induced vertical magnetic field B, and
norma magnetic field By,. A value of 1nT was assigned to
B,.. Theratio B,/ B,, depends on the distance from the coast-
line, it reachesitshighest value at the coastline and decreases
seaward as well asinland.

Theinfluence of the coast effect can be evaluated when
the distance of the coastline Y; islong enough, so that the
relation B,/ By, = 0.2. Otherwise, the coast effect isvery dif-
ficult to calculate. B,/ By, increases with increasing ocean
depth and decreases with theincrease of period T. Dosso and
Meng (1992) published sets of curves for different types of
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Fig. 2. Plan view of the synthetic 3-D model.

islands, providing thedistance at which B,/ By, = 0.2 isreached
aswell asthe distance Yr.

3-D MODELING

A direct 3-D modeling schemeis used by means of the
program 3DMT (Park, 1985).

The procedure consists of designing anetwork of blocks
that contain the information on the distribution of the elec-
tric resistivities of the medium. In the design of the model
three factors are considered:

1.- The thickness of any inhomogeneous layer should be
smaller than the nominal depth (skin depth). Calculation
of the skin depth uses the lowest electric resistivity and
the highest frequency considered in the calculations. The
thickness of any inhomogeneouslayers should belessthan
20% of the nominal calculated depth (Park, 1985).

We find aminimum skin depth of 350 m for model 3B
(Figure 3B); thusacell thickness not larger than 70 m should
be selected. We use avalue of 50 m which factorsintegrally
into 2 km and yields atotal of 50 layers of 50 m thickness.
For the model 3A (Figure 3A) the thicknessis smaller.

2.- Lateral extension of the blocks should not be greater than
the Minimal Adjustment Distance (AD). The AD param-
eter constitutes a nominal horizontal distance capable of
influencing the inhomogeneities perturbing the 1-D solu-
tion in each block.

Inorder to calculateAD, averageresistivitieslarger than
100 ohm-m present in the medium are considered by calcu-
lating the value of effective electric resistivity (Park, 1985).

_spaz
Pett = AZIeﬁ o 2
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AZy = Z AZ,, @)

where p isthe electric resistivity larger than 100 ohm-min
layer i, and

AZ; isthethicknessin km of layeri.

Thus, the AD distance is calculated by

IDZ,, * P *DZ
AD:‘\/ block Peif eff

Poiock” ' ©)

where p, ., isthe electric resistivity of the inhomogeneous
block in ohm-m, and

AZ, . isthethicknessin km of the inhomogeneous block.

In our case p, = 8921.6 ohm-m, AZ_ =51 km, p,, .=
500 ohm-m, AZ, . =2 km and AD = 42.6 km. Thus it is
possible to use alateral dimension 40 x 40 km for each cell.

3.- Sdlection of the electric resistivity values for each layer,
is subject to the solution of the two previous steps.

With these constraints, a 3-D resistivity model for the
Yucatén peninsula and its margins is constructed. The mag-
netic and electric field components are calculated individu-
ally for each block. Next the values of the impedance tensor
Z(w) are determined aswell the values of paxy(w), qoxy(w) and
payx(w), qoyx(w) for each block and all periods.

The Yucatan peninsulamode is constructed by onein-
homogeneous superficial layer, 2 km thick, that represents
the carbonated rocks (p = 500 ohm-m) covering the impact
structure, and a marine platform around the peninsula (Fig-
ure 3) The effect of the seaon MT measurements was mod-
eled independently with amodel including the marine plat-
form (Figure 3A), and another model based on a 1-D ap-
proximation of the platform (Figure 3B).

Comparing both models should bring out the effect of
a conductive sea on the apparent resistivity values for sev-
era periods.

The model isrepresented by anetwork of 12 x 12 cells
with asize of 40 x 40 km each (Figure 2).

At depth, it includes two layers with p = 5000 chm-m
and p = 10 000 ohm-m, respectively. Their thicknesses are
11 and 40 km (Figure 3).

The 3-D modeling of both models was carried out for

periods of 0.001, 0.004, 0.01, 0.04, 0.1, 0.4, 1, 4, 10, 40,
100, 400 and 1000 s.
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A) p=0.27 ohm-m
A
L= 480 km
h,=2km p=500chmm ——  ————
p =5000 ohm-m
h,=11km
hy;=40km
p = 10000 chm-m
B)
L= 480 km
h,=2km P =500 ohm-m
= 5000 ochm-m
h,=11km
hy;=40km p = 10000 ohm-m

Fig. 3. Schematic sections of the models used in the 3-D synthetic
modeling of the Yucatan peninsula. A) Model with marine
platform, B) 1-D model.

RESULTSAND DISCUSSION

Figure 2 showsthe 22 MT soundings distributed along
two profiles (AA’ and BB'’) contained in the cells 77 and 89
for profileAA’, and 66, 67 and 79 for the profile BB'. Figure
4 showsthe calculated apparent resistivity curves correspond-
ing to cells 77 and 89, which include the profile AA’.

In both cells, the difference between the model that in-
cludes the marine platform and the 1-D model issmall. This
reflectsthe minor influence of the conductive seaon the pro-
file. The most significant differences are observed in the pe-
riod range of 10to 100 s.

For the case of the profile BB’, the curves correspond-
ing to the cells 66, 67 and 79 (Figure 5) show asimilar phe-
nomenon, with some differencesin the period range of 20 to
1000 s. The period of T = 100 s seemsto be the most repre-
sentative of these differences.
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Fig. 4. Comparison of the apparent electric resistivity curves calculated from models 1-D and with marine platform. Cells 77 and 89
include the profile AA'.

In conclusion, the coast effect can only be seen in the
range of periods of 10 to 1000 s, while the conductivity
anomaly associated with the filling of the crater is present
mainly in the periods of 0.01 to 10 s (Figure 6).

Theapparent resistivity differences between 1-D model
and the model with a marine platform were calculated for

T=100 sfor each cell over the peninsula of Yucatan and the
surrounding marine platform. These differences are summa-
rized for the xy mode (N-S) and the yx mode (E-W).

For the xy mode (Figure 7A) the differenceislessthan

10% in the area that includes most of the stations belonging
to profilesAA’ and BB'. The rest of the stations shows dif-
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Fig. 5. Comparison of the apparent electric resistivity curves calculated from models 1-D and with marine platform. Cells 66, 67 and 79
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ferences of around 10%. The greatest differencesin the pen-
insula are found in the area where the marine platform van-
ishes and the margin of the Yucatan basin appears. The in-
crease in water depth near the coast increases the coast ef-
fect. Thus the curves of apparent resistivity calculated with
the model of Figure 3A show a significant conductive
anomaly at T = 100 s, that include a large negative differ-
ence in percentage.

The induction arrows were determined at each of the
MT stationsfor T = 100 s (Figure 7A). In general, theinduc-
tion magnitudeislessthan 0.4, being lower toward the inte-
rior of the cenote ring.

Northern Yucatan shows a higher density of fractures
outside the cenotering thaninsideit (Pilkington et al., 1994).
This explainsthe difficult to establish apredominant way in
the discontinuous conductivity body.

In the case of profile BB’, three stations (15, 16 and
17) have magnitudes and strikes that match with thelocation
of the cenotering.

The cenote ring coincides with the larger horizontal
gravity gradient, as well as with a topographical depression
(Connorset al., 1996). The cenotering isthe surface expres-
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A)

B)

Fig. 7. Maps of coast effect for T = 100 s. A) xy mode. The induction arrows are represented at each station for T = 100 s; B) yx mode. The
values on the map are given in percent. The approximate location of cenote ring is represented in dash line.
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sion of azone of concentric faults associated with the crater
structure.

ThisislessevidentintheprofileAA’, which runsalong
the gravity depression that extends for more than 100 km
south of the cenotering. Thusthereisamore complex struc-
ture in the zone where the profile AA’ islocated, and there-
fore an undefined predominant direction is expected in the
lateral heterogeneous discontinuities.

For the yx mode (Figure 7B) the results are similar to
thosein the xy mode (Figure 7A). The percentile differences
are similar for the profiles AA’ and BB’, where the coast
effect isimportant they cover alarger areatoward the east of
Yucatén peninsula. The TM mode is more affected by the
coast effect (Vozoff, 1972). In thismodethe current linesare
normal to the coastline. Our yx modeisthe TM mode for the
eastern and western coastlines of the peninsula, while the xy
mode is the TM mode for the northern coastline.

The areas of maximum coast effect ontheTM modein
Figure 7 are mapped in Figure 8, showing the area of the
Yucatan peninsulawhere M T soundings at periodslarger than

100 s should not be carried out. The area of maximum coast
effect is shaded. The coast effect increases to the east and
northeast of the Yucatén peninsula, because of the presence
of the margin of the Yucatén basin. The rapid increase of
water depth in the Yucatan basin causes the coast effect to
increase for higher values of T.

However, inthe frequency range of interest (T< 100 ),
the coast effect should become still smaller (see Figures 4
and 5), asthe smaller marked areanearest to the eastern coast-
line of the Yucatén peninsula suggests.

CONCLUSIONS

All MT stations are located in areas where the coast
effectisvery low. Our calculations define new suitable areas
to carry out further MT measurements without significant
coast effect, even for periods larger than 100 s.

Thecurvesof apparent resistivity calculated from mod-
els of the Yucatan peninsula with a marine platform, and a
simple 1-D resistivity model, were compared, and an insig-
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Fig. 8. Map of maximum coast effect for the period T = 100 s. The zones where the difference between the curves for both modelsis larger
than 20% are shaded.
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nificant effect of the sea on the MT soundings in the
Chicxulub impact crater structure was observed.

A coast effect can only be appreciated in the range of
periods of 10 to 1000 s. The anomaly associated with con-
ductive filling of the crater is present mainly in the range of
0.01 to 10 s. The maximum coast effect for the areaisfound
inthe period T =100 s.

A map of maximum coast effect for T= 100 s has been
constructed. This map shows the influence of the margin of
the Yucatan basin, which creates a zone of maximum coast
effect in the eastern and northeastern end of the Yucatan pen-
insula.

We conclude that the coast effect on MT soundingsin
the Yucatan peninsulais negligible, and should have no sig-
nificant effect on the interpretation of geoel ectric modelsfor
Chicxulub crater.

Reliable M T soundings may be carried out everywhere,
except in the marked areas with high coast effect, when MT
observations for periods larger than 100 s are required.
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