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RESUMEN 
Se interpreta una compilacion reciente de anomalias magneticas de campo total de la porcion oriental del Terreno Maya, que 

incluye datos aeromagneticos de la Peninsula de Yucatan y datos magneticos marinos de su margen continental hacia el norte y 
oriente. Con base en la amplitud, forma y extension horizontal de las anomalias magneticas y su correlacion con informacion 
geologica y geofisica disponible se infiere que la porcion oriental del Terreno Maya esta constituida por al menos cuatro bloques 
tectonicos. Modelamos el espectro de potencia radial de las anomalias magneticas de la margen continental al norte de la Penin
sula mediante la superposicion de funciones que en forma estadistica describen la profundidad a la cima, el espesor y las dimen
siones horizontales de una coleccion de prismas verticales uniformemente magnetizados. Los resultados se exhiben en forma de 
mapas de contornos que muestran la profundidad a la cima y a la base de la corteza. El relieve del basamento promedia 1.8 km 
bajo el nivel del mar y esta de acuerdo tanto con el caracter de las anomalias gravimetricas y magneticas como con la interpreta
cion de datos sismicos y con informacion de pozos. La profundidad ala base de la corteza magnetizada varia de 15 a 35 km bajo 
el nivel del mar segun la presencia o ausencia de anomalias magneticas y gravimetricas de gran longitud de onda. Esta interpre
tacion sugiere que localmente el Moho es la frontera magnetica. 

PALABRAS CLAVE: Anomalias magneticas, inversion del espectro de potencia, estructura de la corteza, Terreno Maya, Blo
que Yucat3n, Mexico. 

ABSTRACT 
We interpret a new compilation of total-field magnetic anomaly data from the eastern part of the Maya Terrane, comprising 

aeromagnetic data for the Yucatan Peninsula and marine magnetic data for its northern and eastern continental margins. 
Qualitatively, on the basis of amplitude, shape; and horizontal extent of the magnetic anomalies and their correlation with avail
able geologic and geophysical information we infer that the eastern part of the Maya Terrane can be divided at least in four tec
tonic blocks. We model the radially-averaged power-density spectrum of the magnetic anomalies from the northern continental 
margin of the Yucatan peninsula by the superposition of functions that statistically describe the depth to the top and the thickness 
and horizontal dimensions of an ensemble of uniformly magnetized prisms. The results are portrayed as contour maps which 
show depth to basement and thickness of the crustal magnetic layer. The magnetic basement is found at an average depth of 1.8 
km below sea level and shows some agreement with the character of magnetic and gravity anomalies, as well as seismic and 
drillhole data. The basal depth of the crustal magnetic layer varies from 15 to 35 km below sea level, in agreement with the pres
ence or absence of long-wavelength magnetic and gravity anomalies. This interpretation suggests that locally the Moho is the 
magnetic boundary. 

KEY WORDS: Magnetic anomalies, inversion of the power spectrum, crustal structure, Maya Terrane, Yucatan Block, Mexico. 

INTRODUCTION 

Large compilations of magnetic data over continental 
regions have proven useful to aid geologic mapping by 
providing information regarding the distribution of major 
rock units, for the estimation of depth to basement in sedi
mentary basins, and to estimate the depth extension of the 
crustal magnetic layer, which in a variety of geologic set
tings can be interpreted as the depth to the Curie-tempera
ture isotherm. In this paper we examine a compilation of 
magnetic data from the Yucatan peninsula and its northern 
and eastern continental margins, and relate it to other geo
logical and geophysical information. The mapped region, 
hereafter referred to as the Yucatan Block, is at the south
eastern edge of the Gulf of Mexico Basin (Figure 1) and 
constitutes the easternmost portion of the Maya Terrane of 
Coney and Campa (1983). In the Yucatan block, carbona
ceous and sedimentary rocks of Late Mesozoic and Ceno
zoic age overly a Paleozoic basement. It has been proposed 
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that at the beginning of the Mesozoic, after the breakup of 
Pangea, seafloor spreading caused the Yucatan block to 
drift away from the Texas-Louisiana margin, to reach its 
present positi()n at the end of Jurassic time (Pindel, 1985; 
Salvador, 1987). 

Several geophysical studies have been conducted along 
the northern and eastern continental margins of the 
Yucatan Peninsula. The seismic refraction studies (Ewing 
et al., 1960; Antoine and Ewing, 1963) in the northern 
margin showed a 2 km thick horizontally stratified se
quence of Cenozoic and Upper Cretaceous sediments. 
Based upon single channel reflection studies, Dillon and 
Vedder (1973) described the eastern margin as consisting 
of elongated ridges and intervening basins parallel to the 
coast. More recently, Ibrahim et al., (1981) carried out a 
refraction study with ocean bottom seismographs along the 
Campeche Terrace. They reported a seismic discontinuity 
at a depth of 14.58 km below sea level (BSL). A recent 
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interpretation of gravity and magnetic data (Alvarado
Omana, 1986), based upon two-dimensional structures 
constrained with seismic and bathymetric data, has been 
carried out across the Campeche escarpment. The geophys
ical cross section by Alvarado-Omana (1986) shows hori
zontally stratified layers up to 5 km thick overlying an up
per crustal layer which bottoms at about 18 km depth, and 
overlies a lower crust where a horizontal crust-mantle in
terface is at about 32 km depth. 

One of the aims of this work is to obtain an insight 
from the magnetic data interpretation into the yet unknown 
geometry of the deep crustal structure of the eastern part of 
the Maya Terrane, in order to help constrain the tectonic 
evolution of the tectonostratigraphic terranes of southern 
and eastern Mexico. In the first part of this work we exam
ine the character of the total-field magnetic anomalies over 
the Yucatan Block, and we compare it with available grav
ity seismic and drillhole data. Based upon this qualitative 
inspection we infer the presence of at least four magnetic 
provinces. In the second part, we interpret the radially av
eraged power-density spectrum of magnetic anomalies in 
34 grids of 128x128 km along the Campeche Bank from 
21° to 26° of North latitude and from 86° to 93° of West 
longitude. In the interpretation of the spectra, we assume 
that the crustal magnetic field is due to one ensemble of 
vertical prisms, and we model the spectra by the superpo
sition of functions that statistically describe depth, thick
ness and horizontal dimensions of prisms in the ensemble. 
We have used a method of inversion that is based on the 
ridge-regression algorithm. It depends on an initial set of 
parameters that is iteratively modified in order to reduce 
the misfit between the observed and the computed spec
trum. The results are portrayed as contour maps that show 
estimates of the depth to basement and the thickness of the 
crustal magnetic layer. 

GEOLOGICAL AND GEOPHYSICAL SETTING 

The geologic history of the Yucatan Block plays an 
important role in modeling the origin and evolution of the 
Gulf of Mexico Basin. According to Salvador (1987), at 
the beginning of the Mesozoic, the area that would become 
the Gulf of Mexico Basin was occupied by a part of the 
supercontinent Pangea. The initial breakup of Pangea, dur
ing Late Triassic, was characterized by rifting and ten
sional deformation involving the stretching and thinning of 
the continental crust. This tectonic regime persisted until 
Middle Jurassic and generated rift grabens (B uffler , • ..1991; 
Salvador, 1987). It has been suggested that continuous 
rifting of Pangea caused the Yucatan Block to drift away 
from the Texas-Louisiana margin, that the Yucatan Block 
rotated approximately 43° in a counterclockwise sense 
with respect to a pole of rotation located in northern Flori
da, and reached its present position by the end of Jurassic 
time (Pindell, 1985, Salvador, 1987). 

Several onshore holes drilled over the Yucatan Penin
sula, and offshore at the Catoche knolls, have reached a 
variety of crystalline rocks comprising quartzites, schists, 
gneiss, granite, rhyolite, and andesite (Figure 1). L6pez-
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Ramos (1975) reported that the PEMEX hole Yucatan No. 
4, drilled in the Merida area, recovered quartzite at a depth 
of 2390 m underlying the Todos Santos Redbed Forma
tion. In Belize, the Basil Jones No. 1 drillhole reached 
schist at a depth of 2190 m, and the Tower Hill No. 1 hole 
reached granite at a depth of 2140 m. Near the center of 
the Yucatan Peninsula, the PEMEX Yucatan No. 1 drill
hole found rhyolite at a depth of 3200 m, for which Rb-Sr 
dating indicates an age of 410 Ma (Silurian) and suggests a 
metamorphic event about 300 Ma ago (Mississippian) (L6-
pez-Ramos, 1975). The Sacapuc and Chicxulub holes drill
ed by PEMEX in the Merida area reach Cretaceous ande
site at 1415 m and 1258 m depth (L6pez-Ramos, 1975). 
Offshore (Figure 1) DSDP holes 537 and 538A bottomed 
in early Paleozoic metamorphic rocks. Schlager et al., 
(1984) report that 200m below sea floor, at 3000 m BSL, 
hole 537 recovered phyllite that records 40Arf39Ar plateau 
ages of 500 Ma. About 300 m below the sea floor, at 2745 
m BSL, hole 538A reached mylonitic gneiss and amphybo
lite, for which 40Arf39Ar dates on hornblendes and biotite 
yielded 500 Ma. Several generations of diabase dikes fea
ture whole-rock ages between 190 and 160 Ma (Schlager 
et al., 1984). 

The Paleozoic basement of the Yucatan Block is cov
ered by a Late Triassic to Middle Jurassic rift assemblage 
of continental redbeds belonging to the Todos Santos 
Redbed Formation and the Evaporitas Yucatan Formation 
(L6pez-Ramos, 1975; Viniegra-0., 1981). Overlying this 
rift assemblage is a sequence of shallow-water carbonates 
deposited since Late Cretaceous, which cover the Yucatan 
continental margin and the peninsula extending toward the 
western part of the Maya Terrane (Viniegra-0., 1981; 
Coney and Campa, 1983). 

Following the general classification of Antoine and 
Ewing (1963), we have compiled the seismic velocities re
ported for the Campeche Bank. We group the seismic ve
locities into six units (Table 1). Correlation of seismic 
units with stratigraphic units was possible for the Chicxu
lub and Sacapuc holes drilled by PEMEX in the Merida 
area. This correlation (Table 2) suggests that unconsoli
dated and consolidated sediments, ranging in seismic 
velocity from 1.7 to 2.4 km/s, were deposited since Late 
Tertiary (Miocene and Pliocene). Underlying these sedi
ments is the 'Oligocene seismic unit A, which features sedi
mentary rocks.of variable thickness and seismic velocity of 
2.7-2.8 km/s. Early Tertiary (Eocene and Paleocene) and 
Late Cretaceous sediments are represented by seismic unit 
B, which ranges in seismic velocity from 3.1 to 3.8 km/s. 
Seismic unit C ranges in seismic velocity from 4. 7 to 5.1 
km/s, corresponding to Cretaceous andesite (5.1 km/s) in 
the Merida area. The seismic unit D, reached underneath 
the Campeche Terrace, is deeper than the bottom of wells 
near Progreso. Its seismic velocity ranges from 5.6 to 5.9 
km/s, which is in the range of measured values for the Pa
leozoic or Precambrian crystalline basement (Antoine and 
Ewing, 1963). The interface between seismic units C and 
D may correspond to the Middle Cretaceous Unconformity 
(Locker and Buffler, 1983; see also the Texas-Louisiana to 
Yucatan profile by Winker and Buffler, 1984). The seismic 
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Fig. 1. Location map of the study area showing the location of drillholes where basement has been reached (Y -l=Yucatan No. 1, Y-
2=Yucatan No.2, Y-3=Yucatan No.3, S=Sacapuc, C= Chicxulub, TH=Tower Hill, BJ= Basil Jones, 537 and 538 are from DSDP, Leg 
77. Seismic profiles are denoted by solid circles (Ewing et al., 1960), open circles (Antoine and Ewing, 1963), and with triangles (Ibrahim 
et al., 1981). The geophysical cross section by Alvarado-Omafta (1986) is indicated. Bathymetric contours are in meters. Magnetic ano-

malies inside the grey polygon are used in this study to infer depth to magnetic sources and thickness of the crustal magnetic layer . 

unit E with seismic velocity between 6.4 to 6.7 km/s 
corresponds to the lower crust. 

Alvarado-Omai\a (1986) used seismic refraction d$1 
by Ibrahim et al., (1981) and gravity, magnetic, and bathy
metric data from cruise Yucata.n'85. His profile across the 
Campeche Escarpment (Figure 1) shows horizontal strata 
up to 5 km thick overlying an upper crust with a density of 
2800 kg/m3 which bottoms at about 18 km depth. His 
lower crust with a density of 3000 kglm3 extends down up 
to 32 km depth over a mantle of 3300 kg!m3. He assumed 
a magnetic susceptibility of 0.0015 e.m.u. The top of the 
magnetic crust was interpreted as a highly irregular surface 
lying at depths between 3.5 to 13 km and its base as an 
horizontal surface at about·J8 km below sea level beneath 
the Campeche Bank, 

. 
REGIONAL MAGNETIC PROVINCES 

Marine magnetic data from the cruise Yucatan '85 
(Ness et al., 1991) and aeromagnetic data over the Yucatan 
peninsula from L6pez-Ramos (1975) were used to produce 
a total-field magnetic anomaly map (Figure 2). The inten
sity of the earth's magnetic field in this region ranges from 
45000 to 46000 nT; the declination is 4 o east, and the incli
nation increases from 50° to 55° to the north. 

Figure 3 describes the physiographic, structural, gravi
metric, and magnetic features of the Yucatan block. 

Valladolid Province. The Valladolid magnetic low 
(Figure 2), is about 100 km wide and extends to the north-
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Fig. 2. Total field magnetic anomaly map of the Yucatan peninsula and adjacent areas. Aeromagnetic data from L6pez-Ramos (1975) and 
marine magnetic data from Cruise Yucatan '85. 
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Table 1 

Receiving positions, seismic velocities and layer thickness. Assumed velocities are indicated by asterisks and unreversed 
velocities by parentheses; all others are velocities determined by reversed profiles. The data sources are: (1) Ewing et al. 

(1960), (2) Antoine and Ewing (1963), and (3) Ibrahim et al. (1981). 

Profile Position Velocity (krnlsec) Layer Thickness (Ian) 

N.Lat. W.Long. Sediments A B c D E Water Sediments A B c D 

16SE1 22.533 88.733 2.3 (2.8) 4.8 5.7 .06 .54 2.2 

16NW 22.750 89.100 .06 .25 .40 1.1 

171 22.750 89.100 2.1 3.1 4.8 5.7 .06 .17 .53 1.1 

14E1 23.283 86.850 2.0* 3.4 4.9 6.4 .73 1.9 1.4 

14W 23.000 87.417 .06 .10 .56 4.0 

13SE1 22.783 85.733 2.0* 4.9 5.9 1.38 .57 1.7 

13NW 22.917 85.933 .82 .25 3.1 

121 22.633 85.700 2.0* 4.4 5.5 (6.7) 1.32 .29 2.5 ' 7.0 

16:Nl 21.833 89.817 1.9- 2.4 2.7 3.6 5.1 5.7 .04 .21-.17 .28 .63 .75 

16S 21.367 89.667 .01 .05-.35 .31 .66 .50 

14A2 22.983 90.217 (2.0*) (2.8*) (3.8*) 5.6 1.46 .61 .37 .65 

14B 22.617 90.033 

15A:Nl 22.617 90.033 2.0-2.3 2.8 3.4 5.1* 5.8 .09 .23-.24 .49 .46 .64 

15BS 21.817 89.733 .04 .22-.19 .30 .46 .90 

17E2 22.517 89.667 1.7*- 2.3 3.4 4.9 5.9 .01 .09- .73 .55 .47 

17W 22.550 89.833 .01 .10- .70 .77 .50 

18S2 22.383 89.883 1.7*- 2.1 3.3 5.0 5.9 .01 .02- .76 .63 .29 

18N 22.550 89.833 .01 .10- .62 .74 .37 

11E3 24.130 86.640 2.0 3.4 4.7 5.9 6.4 1.28 .57 1.01 2.22 9.5 

llW 24.610 87.590 .60 .01 .52 1.92 

Table 2 

Correlation of seismic velocities from refraction station 16S of Ewing et al. (1963) with onshore geologic formations 
reported on holes Chicxulub, Sacapuc, and Yucatan-6 by L6pez-Ramos (1975). 

Seismic Velocity 

Unit (km/sec) 

1.9 

2.4 

A 2.7 

B 3.6 

c 5.1 

D 5.7 

Thickness 

(m) 

10 

50 

350 

310 

660 

500 

Lithology and Geologic Age 

Water 

Caliche-Wackestone-Mudstone (Rt:eent) 

Calcareous clay-Limestone (Miocene-Pliocene) 

Calcareous clay-Shale-Limestone (Oligocene) 

Limestone-Calcareous clay-Shale (Late Creataceous-Paleocene-Eocene) 

Andesite (Cretaceous) 

Metamorphic basement (Paleozoic ?) 
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east for more than 300 km. Within this regional low, sev
eral short-wavelength dipoles appear to be produced by 
normally-magnetized crust in the direction of the present 
field. The low amplitude of the magnetic anomalies, the 
coincidence of this magnetic province with the Valladolid 
gravity low (Figure 3), and the sedimentary thickness 
(3200 m) reported at the Yucatan No 1 drillhole all suggest 
a thick sedimentary basin overlying rhyolite and probably 
a Paleozoic basement. The abrupt change in direction of 
the gradient at the northeastern corner of the Copelchen 
magnetic high suggests either a faulted block in the south
west ljmit of the Valladolid province, or a basement of 
higher magnetic susceptibility. 

Quintana Roo Province. This province is parallel to 
the Valladolid province. It includes the eastern part of 
Campeche State and all of Quintana Roo State. The most 
prominent magnetic anomalies in this province are Chetu-

~l 
~ 

GULF OF MEXICO 
<¢<;, 

c,? 
?"\ 

mal and Cancun-Mujeres. Both are positive anomalies that 
exceed 250 nT and extend for more that 100 km on a 
northeastern trend. A broad gravity high extends for 550 
km, including all of Quintana Roo and extending about 
100 km off Cancun. It reaches 100 mGal near the Cancun
Mujeres magnetic high. Gravity and magnetic data support 
the interpretation of a shallow basement under the eastern 
margin of the Yucatan Block. 

Merida-Celestun Province. This province includes 
northern Campeche and northwestern Yucatan. It extends 
offshore into the Campeche Bank, west of Alacnin Reef 
(Figure 2) and east of the Campeche Canyon (Figure 3). 
This region features a series of belts of alternating positive 
and negative anomalies extending for about 300 km in a 
northwest direction. The most prominent belts are the 
Merida gravity and magnetic lows and the Banco Nuevo
Celesttin gravity and magnetic highs. The elliptical region 

?~ I ~'t' 
f CARIBBEAN SEA 

~i 
~c. 'to 

Fig. 3. Gravity and magnetic features of the Yucatan Peninsula and adjacent areas. Regions of positive magnetic (dots) and gravity 
anomalies (gray patterns) are shown. The axis of negative gravity and magnetic anomalies are denoted by solid and open lines. 
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surrounding Progreso features high-amplitude, short
wavelength magnetic anomalies attributed to a possible 
mid-plate igneous plume or to an astrobleme with associ
ated extrusions (Penfield and Camargo, 1981; Hildebrand 
eta/., 1991). 

San Felipe Province. This province encompasses 
anomalies offshore and east of the Alacran Reef. The San 
Felipe lineament is a north-south magnetic low which ex
tends along the 88°W meridian for more than 400 km 
(Figure 3). The A1acran region to the west has long-wave
length magnetic highs and lows; its gradient overlaps the 
Alacran gravity high. East of the San Felipe lineament we 
find intenhediate wavelength (30 km) magnetic highs and 
lows lacking an obvious correlation with gravity. The San 
Felipe lineament may represent an edge effect of a struc
tural boundary. The long-wavelength anomalies to the 
west may be due to deeply-seated magnetized rocks, while 
the short-wavelength anomalies to the east may represent 
sparsely distributed volcanic material. 

MODELING AND INVERSION 

The total-field magnetic anomaly fat a point outside a 
magnetic body is given by 

where M is the magnetization (i.e. the magnetic dipole 
moment per unit volume), r is the location of the observer, 
and s is the location of an element of volume of the source. 
The region V includes all of the magnetized material. The 
unit vector Dis in the local direction of the geomagnetic 
field, and JlQ is the permeability of free space. 

For a uniformly magnetized prism Eq. (1) may be written 
in the wavenumber domain (Bhattacharyya, 1966): 

Jl 
F(k,9) = '4frMR8 (9;I,D)RM(9;cj>,A) (2) 

ll(k;h)T(k;t)S(k,9;a,b) 

where k is the magnitude and 9 is the direction of the 
wavenumber vector; M is the magnetic dipole moment per 
unit depth; R8 (9) =sin I+ i cos I sin (D + 9) where/ is the 
inclination · and D is the declination of the geomagnet.ic 
field; RM (9) = sincj>+i coscj> sin (A+9) for the inclination cj> 
and declination A of the magnetization vector; ll(k) = exp 
( ~ hk) is the depth function, where h is depth to the top of 
the prism; T(k) = 1 - exp (- tk) is the thickness function, 
where t is the thickness of the prism; and S (k, 9)= sinc(ak:x. 
cos 9(1) sine (bky sin 9/2) is a function of the horizontal 
dimensions a and b of the prism. 

We may generalize this result for an ensemble of rect
angular vertical-sided prisms (Garcia-Abdeslem and Ness, 
1989; Garcia-Abdeslem, 1990). The prisms are uniformly 
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magnetized and randomly located in space. The ensemble 
is statistically characterized by a joint probability distribu
tion <I> of the parameters of the prisms in the ensemble. 
Thus in the Fourier domain, the expected magnetic 
anomaly is 

< F(k,O) > ~ J. dR<l>(h,t,a,b,M .~.A,I,D)F(k,O) , (3) 

where the integration is carried out over the multidimen
sional parameter space R and over the local inclination and 
declination of the geomagnetic field. If the parameters in 
Eq. (3) vary independently, the probability of their joint 
occurrence is the product of their unconditional probabili
ties. In this case the integral can be separated and solved 
assuming a probability distribution for each parameter. 
Then 

< F(k,9) >= ~ < M >< RM(9) >< R8 (9) > 
(4) 

< ll(k) >< T(k) >< S(k,9) > 

The product ofF (k, 9) by its complex conjugate yields the 
power spectrum E (k, 9). A further simplification may be 
introduced by radially averaging the spectrum in order to 
eliminate its 9 dependence, thereby transforming the two
dimensional spectrum into a one-dimensional spectrum. 
Thus 

< E(k)>=( ~ r < M >
2
<11(k)>

2
< T(k) >

2 

21t 

+,; J del< R,(aH'I< RM (a) >I'< s(k,a) >' (5) 

0 

Assuming a uniform probability distribution for the mag
netization strength and for the ensemble parameters the in
tegration over 9 yields 

where C0 is a constant that contains I, D. cj>, A, and the 
mean magnetization of the prisms in the ensemble (Garcfa
Abdeslem, 1990). After radial averaging, the shape of the 
spectrum is independent of the direction of the local geo
magnetic field and of the direction of magnetization. 
<E(k)> in 'Eq. (6) is indeed the solution of the forward 
problem; however, it is better to write it as the natural lo
garithm of the radially averaged and normalized power 
spectrum, i.e. 

(7) 
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Different expressions of the radially-averaged power-den
sity spectrum can be obtained by selecting different proba
bility density functions for Pte ensemble parameters (Gar
cia-Abdeslem and Ness, 1994). However, the magnetic 
data alone do not suffice to specify the best probability 
density function for a given ensemble, and thus it must be 
assumed. By trying different combinations of uniform and 
Gaussian distributions we settled for a normal distribution 
for the depth to the source top and a uniform distribution 
for the horizontal dimensions and the thickness; thus 

(8) 

Ln[< S(k) >2 ]= 
L {..Li~e [Si(a2)-Si(al)J2[Si(~)-Si(b!)J

2

} 
n 21t 2/l.ak cose 2!l.bk sine ' 

0 

(9) 

[ 
2 ] [ sinh(k!l.t)] Ln <T(k)> =2Ln l-exp(t0k) k!l.t (10) 

Here h0 is the mean depth to the top of the ensemble and 
ai is the corresponding variance; t0 is the average thick
ness of the prisms in the ensemble, and !l.t is the range of 
thicknesses; Si is the sine integral, and 

al=(ao-!l.a)k cos e, 

bl=(bo-!l.b)k sin e, 

a2=(ao-!l.a)k cos e. 

br(bo!l.b)k sine, 

where a0 and b0 are the mean horizontal dimensions, and 
!!.a and !l.b are the ranges in horizontal dimensions of the 
prisms in the ensemble. 

We have data (di, i=I.N), for only a finite number of 
wavenumbers k1, ... ,kN. Each di represents the averaged 
power within a concentric ring with respect to the spectral 
origin (i.e .• k=O), normalized with respect to the d.c. 
component of the spectrum. Similarly, each ki represents 
the average position of the spectral components for a 
particular di. 

In order to model our data, we need to find a grQUP of 
parameters, mi.j= 1, .... M, such that the solution gi(m) to 
the forward problem fits the data within a prescribed 
threshold value. A solution to this inverse problem may be 
achieved through minimization of an objective function 
defmed by 

(11) 

To estimate m (the model parameters), the minimum of 
Q(m) is sought. Because g(m) is nonlinear, the minimiza-
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tion must be achieved iteratively, by expanding g(m) about 
some initial trial m0 for the model parameters: 

d=g(mo)+ og(m)/ am lmo (m-mo). (12) 

or more simply, 

p = A!l.m, (13) 

where the vector p = d- g(m0) represents the error (or resi
dual vector) between the observed and computed spec
trum. A is an (N, M) matrix of partial derivatives of g(m) 
with respect to the model parameters, and the vector !l.m 
represents the unknown perturbation which is to be added 
to the initial trial (i.e., m 1 = m0 + !l.m) in order to reduce 
the error. The partial derivatives with respect to depth and 
thickness were obtained analytically, 

dg(k) 
dho =-2k, (14) 

dg(k) 2 
dcr~a = 2cr11k • (15) 

dg(k) 2k sinh(k!l.t)lk!l.t 

~ = exP(tl )-sinh(k!l.t)lk!l.t' ' 
(16) 

and the partial derivatives with respect to the horizontal 
dimensions were computed by finite differences. 

To find !l.m we use the ridge-regression algorithm 
(Marquardt, 1963): 

(18) 

where I is the identity matrix and A. is a positive scalar 
quantity which is made to vanish during minimization in 
order to ensure stable convergence. The search for a mini
mum of Q(m) is carried out starting from m0• It may end, 
after K iterations, at a local or absolute minimum for which 
Q(mK) is within a prescribed threshold value. Upon con
vergence, the uncertainty of the source parameters may be 
estimated from 

(19) 

where CJ2 = pTp/(N-M) is the residual variance, (N-M) 
stands for the number of degrees of freedom, and aii = 

[ 
T ]-1 

A A • 
jj 



APPLICATION 

The method described above was applied to the mag
netic anomalies from the Campeche Bank. The diurnally 
corrected marine magnetic data were gridded using the mi
nimum curvature algorithm of Briggs (1974), at a sampling 
interval of 1 km on a Universal Transverse Mercator pro
jection, over an area of 21° N to 26° N, and 86° W to 93° 
W. The gridded data were divided into 34 square sub-grids 
128 km wide and with a 50% overlap. Each sub-grid was 
detrended to remove the mean and the trend by taking out 
the first-order surface of best fit to the data in the least
squares sense. Edges of sub-grids were tapered by apply
ing a 10 point cosine bell to damp out the discontinuities at 
the edges, and the nodes beyond the grid edges were filled 
with zeros to obtain sub-grids of 256x256 samples. 

Fo~ each subgrid a two-dimensional Fourier transform 
was computed; power spectra were calculated and reduced 
to one-dimensional spectra by averaging over concentric 
rings about k=O, and normalizing with respect to the d.c. 
values. The natural logarithm of each one-dimensional po
wer-density spectrum was obtained and the new "data" 
were expressed as a function of inverse wavelength. 

The purpose of this exercise is to examine the statisti
cal properties of the patterns of magnetic anomalies. In 
particular, we wish to estimate depth to basement and 
thickness of the magnetic crust in the northern continental 
margin of the Yucatan Peninsula. We modeled the Yucatan 
spectra assuming a Gaussian probability distribution of the 
depth to the top of the prisms in the ensemble, and uniform 
probability distributions for the horizontal dimensions and 
the thickness of the prisms. The system of equations (18) 
was solved by Choleski decomposition, using an initial va
lue of A. = 1 for the damping parameter. The results are 
summarized in Table 3. The observed and computed spec
tra are shown in Appendix A. Estimated depths to the 
basement and to the base of the crustal magnetic layer are 
assigned to grid centers (Figure 4) and contoured on top of 
the bathymetry. Of course these contour maps are based on 
very few (34) depth estimates and can only give a broad, 
regional indication of the true depth to the various hori
zons. The contour maps include seismic velocity (Table 3) 
and estimates of depth to the crust-mantle interface (Alva
rado-Omana, 1986); they may be compared with the com
pilation of significant gravity, magnetic and structural fea
tures shown on Figure 3. 

RESULTS AND DISCUSSION 

Depth to the top of the crustal magnetic layer 

Figure 5 is a 200 m contour map of mean depths to the 
magnetic basement. The depths range from 1400 to 3000 
m BSL. Off Progreso this horizon lies between 1440 to 
1600 m, which is consistent with the depth at which ande
sites were reached in holes Chicxulub (1415 m) and Saca
puc (1258 m). North of Progreso and west of Alacnin Reef 
this horizon consistently lies within the 5.1 km/s seismic 
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unit C, which corresponds to andesites found at holes Yu
catan No. 6, Sacapuc, and Chicxulub. 

Northeast of Progreso is a region featuring long-wave
length positive magnetic anomalies but negative free-air 
gravity anomalies. Contours of the magnetic basement 
suggest the presence of an elliptical basin where a 2 km 
thick sedimentary cover overlies this horizon. North of this 
elliptical feature and east of Alacran Reef the magnetic 
basement shallows to 1600 m BSL; this horizon matches 
magnetic anomalies of dipole signature as well as the 
southwestern edge of the Alacnin gravity high. Towards 
the western Campeche Bank, in the Merida-Celestun mag
netic province which features short-wavelength magnetic 
anomalies, this horizon lies about 1800 m BSL. 

Along the Campeche Terrace, following the offshore 
extension of the Cancun-Mujeres gravity high which fea
tures a complex pattern of intermediate-wavelength mag
netic anomalies, this horizon suggests two basins separated 
by a basement high. West of Catoche Peninsula near re
fraction leg 14 (Figure 1), this horizon is withi'n the 4.9 
km/s seismic unit C. It deepens eastward, in agreement 
with the thickening of the 3.4 km/s seismic unit B. 

The base of the crustal magnetic layer 

Depth and thickness estimations were added to obtain 
the depth to the base of the crustal magnetic layer. There
sult is shown in Figure 6 as a 2500 m contour map. This 
horizon can be interpreted either as a lithologic boundary 
between magnetic material on top of non-magnetic mate
rial, or as the depth to the Curie isotherm. 

Northwest of Progreso, in the region of the Merida-Ce
lestun magnetic province, this horizon rises to 17 km BSL. 
The trend of magnetic anomalies and the absence of long 
wavelength gravity and magnetic anomalies both agree 
with the shallow depth of the base of the crustal magnetic 
layer in this area. The shallowest feature in this horizon, 15 
to 17.5 km BSL, occurs west of Catoche Peninsula across 
the intra-shelf escarpment that separates the Bank of Cam
peche from Campeche Terrace. This feature deepens and 
extends southward to the offshore extension of the Isla -
Mujeres gravity high. 

East of Alacran Reef the base of the magnetic layer 
ranges between 27.5 and 35 km BSL which is close (with
in 1.5 km) to the crust-mantle boundary determined by AI
varado-Omai\a (1986) from two-dimensional modeling of 
free-air gravity anomalies. Thus in this particular region, 
the Moho may be the magnetic boundary. Along the west
ern Campeche Terrace, the depth to the base of the mag
netic layer is on average 30 km BSL. Alvarado-Omai\a 
(1986), using the velocity structure by Ibrahim et al. 
(1981), found the crust-mantle interface at a depth of 28 
km BSL. This result is consistent with our findings and 
suggests that the Moho is the magnetic boundary also in 
this region. 
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GULF OF MEXICO 

Fig. 4. Location of sub-grid centers. The size of sub-grid 19 is indicated. 

GULF OF MEXICO 

Fig. 5. Contour map of depth to the top of the magnetic basement, determined by ridge-regression inversion of the power spectrum of 
magnetic anomalies, and seismic velocities at the depth of the same. 
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Table 3 

Results of the ridge-regression inversion of the Yucatan spectra. Units are in km and uncertainty in all parameters is as in 
equation (19). 

Grid 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

1.58±.05 0.81±.02 32.38±3.14 18.27±.14 16.86±.07 16.65±.08 14.40±.08 13.12±.74 

1.91±.05 0.88±.01 25.01±2.29 18.58±.14 17.19±.07 16.58±.15 14.37±.08 3.33±.07 

1.87±.06 0.85±.02 23.42±2.34 19.90±.16 18.56±.08 17.79±.18 15.63±.10 4.65±.08 

1.50±.13 0.85±.02 17.55±2.91 17.37±.30 16.83±.11 11.87±.27 9.52±.16 4.77±.16 

1.63±.08 0.73±.04 24.37±3.34 19.78±.22 18.40±.12 17.81±.25 15.60±.14 3.90±.11 

1.77±.05 0.81±.02 21.05±1.77 18.82±.14 17.47±.08 16.89±.15 14.72±.08 4.79±.07 

1.96±.05 0.87±.02 16.89±1.34 18.68±.10 17.59±.05 16.79±.18 15.03±.09 4.17±.07 

1.74±.16 0.60±.09 16.52±3.15 20.59±.05 19.80±.03 14.89±.16 12.25±.09 9.38±.18 

1.71±.82 0.68±.21 22.89±3.31 13.57±1.74 13.24±.81 13.14±.53 12.95±.58 3.50±.16 

2.05±.10 0.86±.07 27.93±3.36 17.75±.54 17.43±.17 16.54±1.64 14.44±.89 3.14±.11 

2.17±.21 0.87±.05 23.99±2.92 20.27±.86 17.43±.17 16.07±1.71 13.83±.93 2.69±.13 

1.34±.07 0.89±.05 28.31±3.88 18.74±.21 17.42±.10 16.85±.24 14.66±.13 3.56±.11 

1.76±.07 0.89±.05 20.53±2.08 19.09±.13 18.03±.05 17.39±.24 15.61±.11 2.36±.08 

2.57±.11 0.84±.03 15.26±1.91 22.84±1.22 22.89±.62 9.75±.54 7.29±.29 4.49±.14 

1.73±.08 0.60±.09 16.11±1.68 19.18±.13 18.14±.06 17.63±.24 15.91±.16 3.75±.09 

1.62±.08 0.73±.03 26.13±3.55 18.54±.19 17.17±.10 17.90±.26 15.71±.14 3.79±.11 

1.45±.05 0.69±.02 32.84±3.34 19.94±.16 18.60±.80 17.73±.18 15.56±.99 3.89±.08 

1.70±.08 0.78±.03 31.50±4.44 18.40±.20 17.02±.11 17.68±.24 14.45±.13 3.76±.11 

1.88±.06 0.81±.02 19.91±2.18 18.95±.17 17.64±.09 17.11±.20 14.98±.11 3.27±.10 

1.62±.06 0.65±.03 13.18±1.32 19.83±.16 18.62±.07 18.00±.20 15.95±.11 3.26±.10 

1.41±.04 0.56±.02 27.30±2.32 19.99±1.25 18.85±.05 18.22±.18 16.25±.09 3.03±.06 

3.20±.33 1.12±.04 21.32±3.61 23.29±1.07 23.20±.83 18.86±2.54 17.17±1.35 3.20±.22 

1.94±.07 0.84±.03 34.01±4.39 18.55±.21 17.16±.12 17.24±.23 15.03±.13 3.65±.10 

2.31±.10 0.96±.03 22.01±3.42 17.67±.29 15.42±.16 18.16±.22 16.73±.12 3.98±.14 

1.98±.07 0.81±.02 18.87±2.12 19.69±.18 18.39±.09 17.91±.22 15.77±.12 3.19±.10 

1.76±.07 0.69±.11 17.60±2.11 18.49±.29 16.38±.16 16.88:t.16 15.64±.11 3.16±.11 

2.97±.10 0.12±.03 10.81±1.00 19.86±.05 19.41±.06 16.86±.58 15.34±.30 4.96±.13 

1.91±.07 0.86±.03 23.79±2.68 17.25±.15 15.84±.08 17.52±.21 15.30±.12 3.39±.09 

1.64±.05 0.69±.02 32.29±3.31 18.28±.i4 17.03±.06 17.76±.21 15.69±.11 2.82±.08 

1.75±..05 0.70±.07 32.14±3.49 18.03±.14 16.78±.07 17.76±.22 15.69±.12 3.75±.08 

1.87±.06 0.77±.02 20.82±2.07 17.15±.13 15.82±.07 16.70±.19 14.53±.11 5.68±.09 

3.03±.15 1.17±.04 26.88±3.36 19.46±.05 18.71±.05 17.45±.13 15.98±.06 5.03±.12 

1.63±.06 0.68±.03 26.30±2.78 18.80±.16 17.51±.08 17.04±.19 14.91±.10 2.53±.08 

1.97±.07 0.79±.03 28.11±3.50 19.97±.20 18.60±.10 17.86±.22 15.65±.12 2.96±.10 

Q(m) 

4.83 

4.58 

5.58 

16.25 

10.27 

3.97 

4.20 

21.82 

9.38 

7.11 

6.90 

10.03 

6.41 

8.57 

6.89 

9.99 

5.33 

10.29 

6.91 

5.95 

4.06 

9.99 

8.47 

13.28 

7.32 

8.57 

2.76 

6.93 

5.52 

6.22 

5.64 

7.13 

6.11 

8.28 
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Fig. 6. C~ntour mal? of depths to the base of the c~stal magne~c layer, determined by ridge-regression inversion of the power spectrum 
of magnettc anomahes. Depths to the crust-mantle mterface as mferred from gravity modeling and mass column analysis are also shown. 

CONCLUSIONS 

We present a new compilation of magnetic anomalies 
based on aeromagnetic data from the Yucatan Peninsula 
and marine magnetic data north and east of the continental 
margin. On the basis of amplitude, shape, and horizontal 
extent of the magnetic anomalies, we propose that the Yu
cauin Block can be divided in at least four magnetic 
provinces. The boundaries between provinces appear as 
long linear magnetic features extending for several hun
dreds of kilometers between regions with different mag
netic and gravity signatures. Each province may corres
pond to a different tectonic block. This interpretation is in 
agreement with Coney and Campa (1983), who propose 
that the eastern Maya Terrane is a composite Terrane. 

The crustal magnetic field is modeled as a particular 
realization of an ensemble of uniformly magnetized and 
randomly distributed vertical prisms. The radially-aver
aged power-density spectrum is obtained by the superposi
tion of functions that statistically describe depth to the top 
of the source, thickness, and horizontal dimensions of the 
source. This new approach was applied to an analysis of 
the total-field magnetic anomalies from the northern conti
nental margin of the Yucatan Peninsula. Depth and thick
ness estimations from the Yucatan ·spectra were used to 
construct contour maps of the mean depth to the top of the 

410 

magnetic basement and thickness of the crustal magnetic 
layer. 

The magnetic basement is at an average depth of 
1.8km BSL. The seismic velocity at this depth ranges bet
ween 4.8 and 5.1 km/s along the Campeche Bank, and bet
ween 4.9 to 3.4 km/s along the Campeche Terrace. Off 
Progreso, the depth to this horizon is within the range of 
depths reported for andesites at holes Sacapuc, Yucatan 
No. 6, and Chicxulub. The computed depth to the base of 
the crustal magnetic layer is highly variable. It fluctuates 
between 15 and 35 km BSL. The shallowest base is found 
along the eastern part of the margin, and along the western 
part of the margin, suggesting that important changes in 
magnetization occur in the lower crust. These two regions 
are separated by thick blocks, where the depth to the base 
of the crustal magnetic layer lies at about 30 km BSL. The 
thickness of the crustal magnetic layer east of Alacran 
Reef and along the eastern part of the Campeche Terrace is 
consistent with the depth to the crust-mantle boundary as 
determined from seismic and gravity data modeling. In 
these regions the Moho is the magnetic boundary. 
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APPENDIX A 

Figures Al to A34 show the radially-averaged power-density spectra computed from magnetic anomalies in the Yucatan 
northern continental margin, and the artific.ial spectra obtained by ridge-regression inversion. In each figure, the field-data 

spectra are represented by circles. The artificial spectra are shown as continuous lines. 
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