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RESUMEN

Los resultados paleomagnéticos para México, que cubren el intervalo del Cambro-Ordovicico al Neogeno, se revi-
san y discuten brevemente en terminos de los modelos tectonicos regionales propuestos para la evolucién de Mé-
xico. Si se consideran las paleo-reconstrucciones de tectonica de placas para las mdrgenes continentales del Atldn-
tico y la diversidad de bloques o terrenos con diferentes historias tectonoestratigraficas que conforman la estruc-
tura continental de México, se esperaria un registro paleomagnético cuyas direcciones y polos mostrarian una di-
vergencia angular creciente con respecto a Norteamérica, en razon directa de su edad.

Las discordancias paleomagnéticas observadas en tal caso podrian ser similares a las documentadas para el cin-
turdn orogénico cordillerano. Sin embargo, estas espectativas no se cumplen. Muchos polos paleozoicos para
México se localizan en posiciones cercanas a los polos esperados con respecto a Norteamérica, mientras que la
mayoria de los polos cenozoicos divergen de sus polos esperados. Si se consideran varias alternativas que inclu-
yen soluciones tectdnicas y no tectOnicas, los resultados para el Mesozoico y Cenozoico son diferentes de los ob-
servados dentro del Cinturon Orogénico Cordillerano, lo cual sugiere una evolucion tectonica diferente para su
continuacién meridional. Los datos paleomagnéticos son en general congruentes con los modelos que implican
movimientos laterales izquierdos de ciertas porciones de México; sin embargo, la evolucién tectonica de México
parece ser en general mds compleja de lo que previamente se habia supuesto.

* Laboratorio de Paleomagnetismo y Geofisica Nuclear, Instituto de Geofsica, UNAM,.D. Coyoacdn, 04510,
D. F., MEXICO.
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ABSTRACT

Palaeomagnetic results for Mexico which cover the interval from the Cambro-Ordovician to Neogene are reviewed
and briefly discussed in terms of regional tectonic models proposed for the evolution of Mexico.

Following plate tectonic reconstructions of Atlantic bordering continents and the diversity of blocks or ter-
ranes shaping Mexico with distinct tectono-stratigraphic histories, one may expect a palacomagnetic record for
Mexico in which directions and poles show an increasing angular divergence going back in time with respect to
those of stable North America. This would imply that the palaecomagnetic discordances should be similar to
those documented for the Cordilleran Orogenic Belt. This ‘expected’ record is however not observed. Instead,
many Palaeozoic poles for Mexico lay close to the corresponding North American poles, whereas most Cenozoic
poles diverge from the corresponding North American poles. Several alternatives, including both tectonic and
non-tectonic explanations, are considered. The Mesozoic and Cenozoic palacomagnetic results from Mexico are
different from those observed to the north within the Cordilleran Orogenic Belt, suggesting a distinct tectonic
evolution for the southern portion of the orogenic belt, Palacomagnetic data are in general consistent with
models implying regional left-lateral motion of parts of Mexico. The tectonic evolution of Mexico however
seems more complex than previously predicted.

INTRODUCTION

Most of Mexico was affected by orogenic deformation during Late Cretaceous-Early
Tertiary, and the geological characteristics and structural trends are similar to those
observed to the north within the western Cordilleran Orogenic belt (King, 1969,
1977, de Cserna, 1961). Additionally, large areas along the western margin of Mex-
“ico are covered by Mesozoic-Cenozoic igneous rocks which form elongated provinces
of magmatic arc association (e.g. Sierra Madre Occidental, Trans-Mexican volcanic
belt, Sierra Madre del Sur, and Chiapanecan arc), which suggest that plate subduc-
tion has been a dominant tectonic control at least since the Late Jurassic (Atwater,
1970; Urrutia-Fucugauchi, 1978, 1986). The young volcanic cover and deformation
make it difficult to identify and characterize earlier pre-Mesozoic tectonic events
such as those documented in the Appalachian, Ouachita and Marathon orogenic
belts of eastern North America. Nevertheless, a possible continuation of the Late
Palaeozoic european deformation system, known as the Huastecan structural belt
has been recognized (de Cserna, 1960, 1976). It may be interpreted as the product
of continental collision between North America, Africa and South America (Wilson,
1966), but timing, location and sequence of events are still being studied. Most
global palaeoreconstructions of the Atlantic bordering continents for the Late
Palacozoic - Early Mesozoic show a major overlap of South America onto Central
America and southern Mexico (Carey, 1958, Walper and Rowett, 1972), thus imply-
ing that these portions which contain Precambrian and Palaeozoic rock units were
located elsewhere, relative to cratonic North America.
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Definition of the arrangement of the major continental blocks and their sub-
sequent separation is critical for the study of the tectonic evolution of Mexico, Cen-
tral America, the Gulf of Mexico and the Caribbean. The Gulf of Mexico may have
been formed by the drifting apart of North and South America (Walper and Rowett,
1972; Pilger, 1978), or by microblock rotation of units such as the Yucatan penin-
sula (Carey, 1958; Freeland and Dietz, 1971). Northern Mexico may have come in-
to position by large-scale left-lateral motion along a fault system (e.g. Silver and An-
derson, 1974; Pilger, 1978; Urrutia-Fucugauchi, 1981a, 1984), or by a more com-
plex mechanism involving accretion as well as left and right-lateral translations.

Such tectonic motions imply that most of Mexico is allochthonous, and may con-
sist of a ‘collage’ of blocks or terranes with distinct tectonic and stratigraphic his-
tories. Similar tectonic phenomena may be presently observed; for instance, the Ba-
ja California peninsula is moving northwards along the right-lateral San Andreas fault
system, and oceanic plateaus (e.g. the Tehuantepec ridge) are being consumed be-
neath southern Mexico and may eventually be partly accreted to the continental
margin. The present configuration of small plates (Cocos and Rivera) off the wes-
tern margin, and the complex motion pattern (e.g. oblique convergence, transform
- motion, and spreading center reorganization) indicate past major tectonic events
such' as the subduction of portions of the spreading center, plate fragmentation and
migration of triple junctions (Atwater, 1970; Menard, 1978 ; Mammerickx and Klit-
gord, 1982; Urrutia-Fucugauchi, 1978, 1986).

In a simple scenario; one may expect a palacomagnetic record for Mexico, in
which angular divergence between diréctions and poles of Mexico and those corres-
ponding to ‘stable’ North America will increase with time from the Recent to the
Palaeozoic.

In particular for pre-Triassic times, the major overlap of South America onto
southern Mexico (Bullard et al, 1965) and northern Mexico (Walper and Rowett,
1972) implies that the Mexican palacomagnetic record should be different from that
of North America. This information may, in turn, permit the estimation of past
positions and relative movements of tectonic blocks from Mexico. Additionally, the
orogenic deformation which has affected most of Mexico at various times, and the
possibility that most of the country consists of a collage of terranes with distinct
tectonostratigraphic histories, also suggest that the palacomagnetic directions and
poles for different rock units of Mexico from distinct tectonic terranes may also
show increasing angular divergences with time.
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This ‘simple’ palacomagnetic record for Mexico is however not being documented
and instead, discordant palacomagnetic results for the Tertiary (e.g. Urrutia-Fucu-
gauchi, 1981a; Bobier and Robin, 1983), and concordant palacomagnetic results for
the Palacozoic (e.g. Gose and Sinchez-Barreda, 1982; Urrutia-Fucugauchi and Mo-
rdn-Zenteno, 1985; McCabe et al., 1984) have been reported.

The purpose of this paper is to review the palacomagnetic data available for Mex-
ico and to briefly discuss major tectonic implications in terms of proposed regional
tectonic models and distribution of tectono-stratigraphic terranes.

PALAEOMAGNETIC DATA

Palacomagnetic results for times older than Neogene and meeting minimum reliabil-
ity conditions in terms of number of sites, laboratory treatment (detailed demagnet-
ization tests), and statistical parameters, which correspond.to the A** category of
Irving et al. (1976) are considered for this discussion (Table 1).

The limited data base does not permit investigating on the possible arrangement
of tectonic units or terranes, so a simple approach of comparing individual directions
and pole positions with appropriate reference data from cratonic North America
(Irving, 1979), in the proposed tectono-stratigraphic terrane distribution framework,
is adopted. In order to test whether any significant declination or inclination anom-
alies are present, the parameters R (rotation) and F (flattening), as well as their
95% confidence limits (DELTA R and DELTA F), have been calculated (Table 1).

Observed and expected directions from Table 1 are represented in the tectono-
stratigraphic terrane map adopted from Campa-Uranga and Coney (1983) and IMP-
INEGI (1984) (Fig. 1).

The palacomagnetic data in Table 1 have been divided according to the proposed
terrane distribution (including the overlap assemblages or ‘superjacent’ terranes of
Campa-Uranga and Coney (1983), like the Sierra Madre Occidental and the Trans-
Mexican volcanic belt).

Pole positions for the Cenozoic of Mexico are illustrated in Figure 2, and those
for the Mesozoic are illustrated in Figure 3. Pole positions for the Tertiary are left-
handed and slightly far sided, forming two main groups which correspond to the
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Sierra Madre Occidental province of northern Mexico (entries 2, 3, 4, 5 and 6, iden-
tified by “###” as superjacent tectono-stratigraphic terrane in Table 1, Figure 2),
and to central Mexico, within or immediately to the south of the Trans-Mexican vol-
canic belt (entries 32, 33, 34, and 35, Figure 2). These results show significant neg-
ative R values and small positive F values (Table 1), which suggests counterclockwise
rotation and small, if any, northward displacement of the studied areas relative to
cratonic North America.

0

270

Fig. 2. Cenozoic palacomagnetic pole positions for Mexico. Nomenclature and site coordinates are given in
Table 1.

Palacomagnetic directions for the Mesozoic and Palaeozoic show a more complex
pattern, Cretaceous and Late Cretaceous-Early Tertiary observed directions are quite
similar to the expected directions for North America (entries 5,7, 9, 10, 11, 36 and
37) and statistical errors for R and F parameters are generally higher than the para-
meter itself.



438 GEOFISICA INTERNACIONAL

Fig. 3. Mesozoic and Palaeozoic palacomagnetic pole positions for Mexico. Nomenclature and site coordinates
are given in Table 1.

Most Jurassic and Late Triassic - Early Jurassic declinations show left angular
divergences with respect to North America (entries 15, 16 and 17), however some
other sites have ‘right’ angular divergences (entries 13, 14 and 38), and even no
divergence at all (entries 12 and 18).

The magnetic polarity for the Triassic results is not determined, and it has been
suggested (Gose et al, 1982) that they follow a path to the left of the North Amer-
ican APWP (Fig. 4). These Triassic results imply large-scale movements of the
studied area (Gose et al., 1982), provided that the angular divergences are due solely
to tectonic causes.

Finally, all Palaecozoic directions show an intriguing pattern. Early Permian pole
of Chiapas is displaced from its corresponding segment of North American APWP,
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but lies close to lower Jurassic poles. Tremadocian and Permian observed palaeo-
magnetic directions (entries 40 and 43), as well as Pennsylvanian-Permian directions
from Guerrero in the Mixteca Terrane (entry 44), are close to the expected declina-
tions with respect to North America.

LATE TRIASSIC. N.

S.

Fig. 4. Upper Triassic pole positions from the Huizachal red beds from northeastern Mexico (nomenclature in
Table 1). Note that the pole positions follow an apparent girdle distribution. The small circle fit to the south-
ernmost poles has its center in the sampling areas. This type of distribution may indicate apparent tectonic rota-
tion (MacDonald, 1980). Data are from Gose ef al. (1982) and Nairn (1976). See text for discussion.

In summary, the distribution of pole positions seems complex, although most
poles are displaced to the left of the reference path for North America (Figs. 2, 3
and 4), suggesting counterclockwise tectonic rotation of studied areas relative to
cratonic North America (Table 1). However, the apparent exceptions and ambigui-
ties (e.g. undetermined polarity of Triassic results) make interpretation of tectonic
implications non unique. In this discussion emphasis is placed on potential problems,
alternative explanations and possible regional tectonic significance of the paleomag-
netic record.
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DISCUSSION

The palaeomagnetic record for the Mesozoic-Cenozoic of Mexico appears different
from that documented to the north along the western margin of North America.
Most results from the Western Cordillera from California to Alaska are consistently
displaced to the right of the reference APWP (Beck, 1976, 1980; Irving, 1979). This
discordant palaeomagnetic record has been explained by predominant northward
transport and clockwise rotation of tectonic blocks or terranes (which are then al-
lochthonous) in relation to the North American interior (Beck, 1980). In contrast,
pole positions reported from Mexico, if discordant, are displaced mostly to the left
(Figs. 2, 3 and 4), therefore suggesting a different tectonic evolution for the ‘south-
ern’ portion of the Cordilleran Orogenic Belt (King, 1969; King, 1977). The results
are consistent with predominant left-lateral motion of parts of Mexico, which may
have taken place along a major fault system (de Cserna, 1960, 1976; Silver and An-
derson, 1974; Walper, 1980; Pilger, 1978; Tardy, 1980; Urrutia-Fucugauchi, 1981a,
1984). \ : ’

The palacomagnetic record for the Tertiary shows a consistent pattern with poles
forming a very compact group (Fig. 2). The observed directions are systematically
displaced to the left of expected directions, all giving significant negative R values
(between —15 and -24 degrees for northern Mexico, and between -32 and - 56
degrees for central Mexico) and non significant F values (except for entry 35 in Mix-
teca Terrane, which shows positive F). The pattern seems very consistent, irrespec-
tive of the magnetic polarity of the rémanences and one may explore a geotectonic
explanation.

In recent studies a regional fault system active at present at the western end of
the Trans-Mexican volcanic belt has been reported (e.g. Nieto Obregon et al., 1985;
Delgado-Granados and Urrutia-Fucugauchi, 1985). Palaecomagnetic results for areas
in the Trans-Mexican volcanic belt can be interpreted in terms of local rotations of
blocks in response to regional left-lateral shear (Urrutia-Fucugauchi, 1981b, 1983a
and b). Mooser (1968, 1972) has mapped a system of en-echelon faults crossing cen-
tral Mexico, which exerts a structural control on the volcanic activity. In the litera-
ture, there are many studies documenting rotation of crustal blocks in areas sub-

jected to compressional shear stress (e.g. Freund, 1970, 1974; Fitch, 1972). Palaeo-
magnetic studies have been successfully used to investigate and quantify local rota-
tions in orogenic areas (e.g. MacDonald and Opdyke, 1972; Beck, 1976; Irving,
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1970; Freund and Tarling, 1979; Greenhaus and Cox, 1979 ; MacDonald, 1980). A
summary of some models of tectonic rotation of crustal blocks associated with lat-
eral regional shear is given in Figure 6. Creation of pull-apart basins (Fig. 6d) in
response to left-lateral shear may explain major east-west oriented grabens in the vol-
canic belt such as the Chapala graben (Fig. 5). The ‘zig-zag’ pattern of the fault
system is reflected in the volcanic structures (Mooser, 1972), and it seems likely that
such system acts as an efficient structural control for magmas, which may explain
why the volcanic belt is not parallel to the trend of the Middle America Trench (Fig.
7) but forms an angle with respect to it of some 15-20 degrees (Molnar and Sykes,
1969).

5(a)

Fig. 5. Summary of tectonic models for the evolution of Mexico which involve major lateral strike slip displace-
ments. Figures are modified and adopted from the following works: a) de Cserna (1971, 1976); b) Silver and
Anderson (1974) and Cohen et al. (1982); ¢) Tardy (1980); d) Pilger (1978); ¢) Mooser (1972, 1975); f) Gastil
and Jensky (1973), g) Walper (1980) and h) Viniegra (1971).
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5(h)

Mauvois (1977) has proposed large-scale nappe folding and faulting in post-Mio-
cene time. In areas such as that of Morelos State (site of entry 33, Fig. 2), the Creta-
ceous limestones are overlying Miocene volcanic rocks (Mauvois, 1977).

Suggestions for active lateral regional shear along the volcanic belt based on seis-
mic studies have been proposed by some authors (e.g. Figueroa-Abarca, 1964; Mar-
tin and Case, 1975). Some earthquakes like the 11 March 1967 in the Gulif of Mex-
ico show some left-lateral strike slip motion (Molnar and Sykes, 1969), but other
large earthquakes in the belt show focal depths much larger, being intermediate-
depth earthquakes and focal mechanisms like those of southern Mexico to the south
of the volcanic belt (e.g. Molnar and Sykes, 1969; Dean and Drake, 1978).

The palaeomagnetic results for northern Mexico show smaller but very consistent
angular divergences (Table 1). Studied units are part of the Sierra Madre Occidental
volcanic province, which corresponds to an overlapping assemblage or superjacent
terrane. The very consistent discordance may reflect a geomagnetic cause, e.g. (1) a
regional long-term assymetry of the magnetic field; (2) an apparent polar wander
movement, where the North American poles used in the curve are not representative
of the palacomagnetic field for the lower Tertiary; or (3) a regional tectonic rotation

-
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* of northern Mexico. Local rotations of crustal blocks in response to regional lateral

shear along fault systems seems easier to accomodate with geologic-tectonic models
for the evolution of this northwestern Mexico magmatic arc province.

(d)

=

(e) (f)

Fig. 6. Summary of models proposed for tectonic rotation of crustal blocks associated with lateral regional shear
(modified after MacDonald, 1980 and Beck, 1976).

Plate subduction was a dominant tectonic process at the western margin, and
major plate re-organization events (e.g. Atwater, 1970; Menard, 1978) may have cer-
tainly resulted in deformation of the continental margin. Field tests on the exis-
tence and age of proposed left-lateral faulting in northern Mexico is needed in order
to evaluate the palaecomagnetic results. McKee et al. (1984) recently reported results
of structural-stratigraphic study supporting Mesozoic and Tertiary faulting within a
280 km long W-NW zone in Coahuila, Mexico, parallel to the Mojave-Sonora mega-
shear.
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a) Permian b) Late Triassic

NORTH 5,4
p

AMERICA

SOUTH™_ *--e,
AMERICA",

¢) Late Jurassic

Fig. 7. Schematic representation of tentative evolution of the Gulf of Mexico - Central America since the Per-
mian. Reconstruction of relative positions of major blocks is after Ladd (1976) and Van der Voo et al. (1976).
Symbols are CP, Coahuila peninsula; VP, Valles platform; MBB, Mesozoic batholith belt; SMO, Sierra Madre
Oriental. See text for details.

‘Results for the Mesozoic complicate the pattern; Cretaceous directions show no
tectonic significant divergences. Jurassic and Late Triassic-Early Jurassic directions,
if discordant, present a mixed pattern of positive and negative R values (Table 1).
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Still some geographic distribution may be observed, particularly within the deformed
area of the Sierra Madre Oriental in northeastern Mexico and along the trace of the
Sonora-Mojave megashear (Fig. 5). With respect to the latter Silver and Anderson
(1974) proposed 800 km of left-lateral displacement occurring during the Middle
Jurassic along the megashear. Results from the Antimonio Formation of Sonora
(entry 18) have been interpreted by Cohen et al. (1982) in support of the megashear
model. The observed angular divergence is however within the statistical uncertain-

* ties of the results (the pole position lies within the Lower Jurassic segment of the

North American APWP; Fig. 3). It is also of interest to mention that the lower part
of the Antimonio Formation contains marine fossils (ammonoids) of Upper Carnian
age which may be assigned to the Hallstatt facies (King, 1969; Tozer, 1982). If this
interpretation is correct, then this constitutes the only known Hallstatt facies local-
ity of western North America, Tozer (1982) has proposed a low latitude (equatorial)
palaeoposition for the terrane off the coast of western Mexico, and suggested that it
may have come to its present relative position during the Jurassic, and suggested that
this terrane should be very likely allochthonous; however, according to paleolatitud-
inal maps (Irving, 1979) for 225 m.a. (Carnian age), the Antimonio Formation
should be in almost equatorial position, which does not support this interpretation.

, Gonzilez-Leon (1980) has recognized strong lithologic and faunistic similarities be-

Yy

tween Antimonio Formation and Triassic Luning Formation from Pilot Mountains
of Nevada, and suggested that El Antimonio Triassic-Jurassic sequence may be the
southern prolongation of a Late Triassic-Early Jurassic sedimentary belt which is
distributed along the western margin of North America. The palaecomagnetic results
for the Antimonio Formation do not seem to support the concept of an accreted ter-
rane which traveled long distances, but further palacomagnetic results are required
to investigate on this possibility.

The palacomagnetic results for the Sierra Madre Oriental in the area around Mon-
terrey City, where the orogenic belt is bent from almost N-S trend to E-W present a
complex pattern (Fig. 1). Gose et al. (1982) interprets the results in terms of a large
130 degrees counterclockwise tectonic rotation of northern Mexico with respect to
North America. The magnetic polarity of the units is not determined, and Gose et
al. (1982) interprets the results to produce an apparent polar wander segment across
the Pacific Ocean (Fig. 4). This distribution is similar to the type interpreted by
MacDonald (1980) in terms of apparent tectonic rotation. Following this author,
we have fitted a small circle to the distribution of Triassic poles, and found a good
fit with a center in the sampling area (Fig. 4), in good agreement to MacDonald’s

-
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suggestion. It seems easier to interprete the results in those terms, and to accept a
tectonic model with smaller movements with dominant left-lateral motion of parts
of Mexico (e.g. Fig. 5), along the major systems of faults (de Cserna, 1976; Silver
and Anderson, 1974; Tardy, 1980). Conclusive evidence in support of extensive
left-lateral movement is lacking, but some stratigraphic and structural studies have
documented histories of recurrent left-lateral movements along segments of the fault
system (e.g. Tardy, 1980; Charleston, 1981; McKee et al., 1984).

According to palaeoreconstructions for the Permo-Carboniferous of North and
South America, the Precambrian and Palaeozoic terranes of southern Mexico and
northern Central America should have been located elsewhere relative to cratonic
North America (Carey, 1958; Bullard et al., 1965; Walper and Rowett, 1972; Van
der Voo et al., 1976; Pilger, 1978; Walper, 1980). Instead, the Permo-Carboniferous
pole for Oaxaca Terrane (entry 40, Fig. 3) which lies close to the corresponding seg-
ment of the North American APWP suggests a relative position similar to the actual
one. This interpretation seems rather paradoxical, taking in account Mexico-South
America overlap in Bullard’s Pangea, and proposals for displacements along left-
lateral faults (Fig. 5). The sampling site is located in a tectonic terrane characterized
by Precambrian metamorphic rocks of Grenville age of the Oaxaca complex (Fries et
al., 1966). The metamorphic rocks are unconformably covered by sedimentary units
of the Tifiu Formation (Cambrian-Silurian), as well as the Ixtaltepec, Santiago and
Yododefie Formations (Mississipian-Permian). Trilobite fossils found in the lower
part of the Tifiu Formation (Pantoja-Alor and Robinson, 1967) have been correlated
with the Olenid-Ceratopygid faunal province, which is different from the Rasettia
Highatelia province, characteristic of North America (Whittington and Hughes, 1974;
Keppie, 1977).

The Oaxaca terrane in southern Mexico is limited by the Mixteca terrane (to the
west), Xolapa terrane (to the south), and the Juarez terrane (to the east). The con-
tact between the Oaxaca and Mixteca terranes is characteristic of a suture zone (Or-
tega-Gutiérrez, 1981), and the collision between the two terranes may have occurred
during the Early Devonian, contemporaneous with the closure of the proto-Atlantic
ocean (Fig. 8).

The Mixteca terrane basement (Acatldn complex) is formed by a metamorphic
complex including metapelites, migmatites, metaophiolites and mylenitized grani-
toids with Ordovician-Devonian radiometric dates (Ortega-Gutiérrez, 1981). The
possibility of a North Appalachian provenance for the Acatlin Complex has been

"
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suggested. This is supported by the presence of Taconian and Acadian orogenic
phases and related petrotectonic suites (Ortega-Gutiérrez, 1981). The palaeomégnet—
ic record of the Permian sedimentary sequence overlying the Acatlin Complex in
the Mixteca terrane (entry 44) gives a pole in close position (Fig. 2) to the corres-
ponding segment of the apparent North American APWP. A possible explanation
may be that the composite Mixteca-Oaxaca terrane may have been accreted to
southern Mexico after Permo-Triassic times, due to a movement along the same

CAMBRIAN / EARLY ORDOVICIAN
~510 my

EARLY DEVONIAN
~ 385 m.y.

C AMERICA

Coltision of the
Ooxace end Acotion

I
N. Mexico ;3
" }
’
-:& (
AN
s
\

Chortis

Slock /N . MEXICO

SOUTH AMERICA

Fig. 8. Schematic tepresenutidn of tentative paleo-reconstructions. Major continental masses for the a) Cam-
brian - Early Ordovician, and b) Early Devonian, depicting the position of the Oaxaca and Acatldn terranes of
southern Mexico (modified from Keppie, 1977).
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palaeolatitude. However, a more plausible explanation might be the remagnetization
of palaeozoic sequences (Olinald and Tifiu Formations, entries 44 and 43). This
could be consistent with proposals for displacements along Mesozoic left-lateral
faults. Preliminary palaeomagnetic results for Callovian Yucufiuti Formation within
Mixteca Terrane shows observed declination to the left and higher inclination than
its corresponding expected reference pole (Gonzalez-Torres ef al., 1986).

For Late Palaeozoic, and before Gondwana-Old Red Continent collission, both

terranes might have reached a Pacific position by a still not well understood tectonic

process. Faunal affinity between Permian sequences of the Antimonio area (Sonora)
and Olinala area (Guerrero), suggests a Pacific position for the Mixteca terrane since
that time. Furthermore, recognition of Neuqueniceras, Xenocephalites and Eury-
cephalites genera species in the Middle Jurassic sequence of this terrane (Imlay,
1980), also suggests a Pacific origin of marine transgressions. For Westerman and
coworkers (1984), the Neuqueniceras genera association is similar to the Neuqueni-
ceras association of contemporaneous Andean sequence of South America. In the
event that the Mixteca terrane was located along the northwestern Mexican margin,
as suggested, the palaeolatitude range would be similar to the Andean sequences of
the Southern hemisphere. Another line of evidence of the Mesozoic Pacific affinity
of this terrane is the marine character of some Middle Jurassic sequences while in
the Gulf of Mexico region only evaporitic sequences have been interpreted for Cal-
lovian times. Mixteca-Oaxaca composite terrane may have been tectonically trans-
ported from a northwestern region relative to its actual position. This Middle Juras-
sic-Early Cretaceous movement could have been not as straightforward as it might
be thought. An alternative explanation for interpreting the palacomagnetic record
for Jurassic-Cretaceous times is in terms of a two phase tectonic transport: the first
would have a southeastward component, associated with some latitudinal movement
during Middle to Late Jurassic, which is shown on the preliminary results from Yu-
cufiuti Formation (Gonzalez-Torres, 1986), and the second phase would be a net
eastward movement during Early Cretaceous times along the same latitude. This
last phase of movement could not be palacomagnetically recorded and would yield
results such as those obtained for Early Cretaceous Formations (entries 36 and 41).
A tectonic transport and further accretion of a Pacific affinity terrane onto a terrane
of Atlantic (Gulf of Mexico) affinity would develop a cretaceous volcaric arc and
intensive crustal shortening (e.g. the Sierra de Juarez, Carfantan, 1963).

The lower Permian pole for Chiapas (entry 39, Fig. 3, lies far from the OaXaca
pole (entry 40), but it lies close to the Lower Jurassic segment of the North Amer-
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ican APWP pointing out the possibility of a remagnetization. Providing that the re-
manence is Early Permian, Gose and Sdnchez-Barreda (1982) suggested a palacoposi-
tion for Chiapas just off northern Baja California, which would be in agreement with
the reconstruction of Figure 8a. Alternatively, these authors suggested that if re-
manence is Late Permian-Early Triassic, then this area would have been located in
the northern part of the Gulf of Mexico. One may also mention that to assume
tectonic continuity between Chiapas and the Yucatan peninsula may not be valid,

since major discontinuities such as La Libertad arch (Fig. 5), the fault system of

northern Chiapas, and the faults in northern Belice may represent effective tectonic
boundaries (Viniegra, 1971). The earliest Cretaceous pole from the San Ricardo red
beds (entry 37, Fig. 3) agrees well with the corresponding segment of the North Am-
erican APWP thus suggesting that the ‘Chiapas’ block was keeping a similar relative
position with respect to cratonic North America by that time.

Alternative explanations for observed discordances in the palaecomagnetic record
may include the following:

1) Geomagnetic effects. Insufficient sampling to average out secular variation ef-
fects, or sampling of periodic excursions or polarity transitions which carried the
geomagnetic pole away from the ‘usual’ position (this has been favored mainly by
earlier workers, e.g. Guerrero-Garcfa, 1976). It may also include far-sided dipole
field or non-dipole field behavior.

2) Undetected secondary magnetizations. This may affect to a certain degree some of
the results, in particular, Cretaceous poles 11 and 7, Jurassic poles 13 and 14, and
Permian pole 39, which are displaced from the corresponding segment of the re-
ference path clearly away towards a younger segment of the path (Fig. 3). Partial
overprints may affect some of the other entries, which sometimes show elongated
site VGP distributions (e.g. Lower Tertiary pole 4),

3)Inadequate structural corrections. This may include unrecognized tilting, local
thrusting, local rotation about an inclined axis (see MacDonald, 1980; Beck,
1980; and Symons, 1977; see discussion above of Triassic results from northeas-
tern Mexico and Fig. 4).

4) Improper age assignments for rock units (also for remanence acquisition). The
age of some rock units is not well constrained (e.g. pole 7 may range from 100 to
45 m.y.). - '

-
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5) Anomalous remanence acquisition. It may include magnetic anisotropy effects,
self-reversal effects and inclination error in sediments.

6) Experimental errors. Orientation or calculation errors, for example.

At present it is difficult to fully evaluate these possible explanations, and either
one or a combination of them may account for some of the observations.
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