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ABSTRACT

The tectonic framework of the Middle America Trench is composite. In its northern part, the Trench runs along the
North American continent (at the least, along Mexico up to the Guatemala Transverse Zone; at the most, up to the
Honduras Platform). In this part the Trench is not related to the tectonic features of Mexico, which it cuts very oblique-
ly, and is thus a recent neotectonic feature. In its southern part, the Isthmus of Central America is a tectonic edifice
(with a strike like that of the Trench) supporting a huge Tertiary volcanic cover; in this part, the Trench could have
originated from an ancient subduction zone involving Mesozoic oceanic sediments and crust.

Along the Guatemala Transverse Zone the following events took place: at the end of the Cretaceous, a big over-
thrust of Central American-Caribbean ophiolitic facies occurred towards the north, at the termination of the North
American continent; and during the Pliocene to Quaternary there was a strong sinistral strike slip motion along the
Quaternary there was a strong sinistral strike slip motion along the Polochic-Motagua Fault Zone.

One should note that the division of the Middle America Trench by the Tehuantepec Ridge does not correspond to
the tectonic or the neotectonic division of Central America along the Guatemala Transverse Zone or the Polochic-
Motagua Fault Zone.

Presently the Middle America Trench is a neotectonic feature. Its northern part, the Acapulco Trench, could have
been initiated by a large sinistral strike slip motion giving to the Honduras Platform an offset of about 800 km with
regard to the Oaxaca Platform and cutting the Mexican structure off. Whereas its southern part, the Guatemala
Trench, could have resulted from a long-lived subduction zone, perhaps related to the Franciscan subduction zone of
North America.

The occurrence of Upper Jurassic-Cretaceous-Tertiary oceanic sediments in the slope of the Guatemala Trench, as
well as in the Nicoya Complex of Costa Rica, is a strong argument against the generally accepted idea of a Pacific origin
for the Caribbean Plate, which can be better understood as a part of the Tethys.

INTRODUCTION

The Middle America Trench marks the Cocos Plate
subduction under Central America. It is unique amongst
the circum-Pacific trenches because of its composite
nature with respect to features on the oceanic plate and
the subaerial geological features of Central America
(Fig. 1). On its seaward side the aseismic Tehuantepec
Ridge divides the Trench into two parts. To the north is
the Acapulo Trench, bordered by the Tamayo Trans-
form Fault, which is part of the East Pacific Rise (Fig.
2), and to the south is the Guatemala Trench, limited by
the aseismic Cocos Ridge. On its landward side to the
north of the Polochic-Motagua Fault the Middle Amer-
ica Trench borders southern Mexico, the end of the
North American continent, whereas to the south it bor-
ders Central America, which is partly a volcanic con-
struction connected with the subduction. These divisions
are not the same on the oceanic side as on the continen-
tal side: the Tehuantepec Ridge and the Polochic-Mota-
gua area are out of line by nearly 400 km (approximately
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200 miles). Thus the Guatemala Trench borders both
southern Mexico and central America and is in this
sense composite, in contrast to the Acapulco Trench.
Our study focuses on the position of the Guatemala
Trench in the geological framework of Central America.

GEOLOGY OF MEXICO: THE END OF THE
NORTH AMERICAN CORDILLERAS

The Cordillera of Mexico (Cordoba et al., 1980; Tar-
dy, 1980) is, like all chains, the result of superimposed
tectonic episodes (Aubouin, 1973) in the course of ages,
the effects of which are all the more apparent as they are
the more recent. It is therefore efficient to order our
study from the most recent to the most ancient struc-
tures, thus taking a retrotectonic approach.

Neotectonic Framework of Mexico

In the structure of Mexico, the neotectonic fabric is
most apparent, the main aspects of which are: the Gulf
of California, the Transmexican volcanic axis, the Mid-
dle America Trench, and the Tehuantepec Isthmus.

The Gulf of California (Sea of Cortes) corresponds
to a recent oceanic opening along the extension of the
East Pacific Rise. To the south the limit is the Tamayo
transform complex and to the north, the San Andreas
transform complex; inside the Gulf a number of trans-
form faults have been found. The nature of the struc-
ture of the Gulf has now been well established by DSDP
Legs 64 and 65 and the CYAMEX and RITA deep-sea
dives (1981). The recent oceanic opening is not older
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Figure 1. Location of the Middle America Trench in the general framework of North and South America and the Caribbean area (Aubouin
and Tardy, 1980). (1. Paleoceanic zones with ophiolites. 2. Volcanic cordilleran zones. 3. Volcanic Andean zones. 4. Nonvolcanic Andean
zones. 5. Nonvolcanic cordilleran zones and/or flysch nappes. 6. Molassic foredeep. 7. Continental platform. 8. Continental base-
ment. 9. Pliocene-Quaternary volcanism. 10. Pliocene-Quaternary basins. 11. Overthrust [nappes]. 12. Axial inflexions. 13. Recent sub-
duction zones. 14. East Pacific Rise and transform faults. 15. Aseismic ridges.)

than 3.5 m.y.; the age of the Sea of Cortes is Pliocene to
Quaternary.

The Transmexican volcanic axis is formed by calc-
alkaline volcanoes built in the course of the Quaternary
(Demant, 1978). It is bordered to the north by a Plio-
cene volcanic edifice that shows a very close association
of ignimbrites and andesites. The fact that the Pliocene
edifice is dissected by a number of vertical faults dem-
onstrates that important structural changes took place
between the Pliocene and the Quaternary volcanic se-
quences. These changes are probably related to the
reorganization of the Pacific Plate at the end of the
Pliocene (Mammerickx, 1979). The faults along which
the Quaternary volcanoes are aligned are not the result
of recent subduction, but are the scars left by neotec-
tonic events affecting southern Mexico, that is, the
opening of the Gulf of California on the one hand and
the birth of the Middle America Trench on the other.
The Transmexican volcanic axis has thus been inter-
preted by some as a product of volcanism associated
with a transform complex developed when the opening
of the Sea of Cortes took place along the prolongation
of the Tamayo Fault (Gastil et al., 1979). Because of its
calc-alkaline nature, however, most researchers associ-

ate the Transmexican volcanic axis with the subduction
of the Cocos Plate, although it is not parallel to the
Middle America Trench and although a hiatus of over
400 to 600 km separates it from the Central American
volcanic chain, which is clearly connected with the sub-
duction.

The Middle America Trench itself is recent, Pliocene
to Quaternary, or, at the most, late Miocene. In its north-
ern segment it intersects the axis of the structures of the
Sierra Madre del Sur at 45° and distorts the Miocene
terranes (see the discussion that follows).

The Tehuantepec Ridge, which is the seaward marker
for the start of the wide continental margin characteris-
tic of the Guatemala Trench, corresponds on land to a
saddle that determinates the Tehuantepec Isthmus. The
Ridge only slightly offsets the structures of southern
Mexico (Cordoba et al., 1980) (see the following sec-
tions), the strike of which is not disturbed, and it plays
no part whatever in the distribution of volcanism. There
are no volcanoes on the Isthmus; the nearest are located
near the boundary between Mexico and Guatemala,
aligned with the faulted area of Polochic-Motagua. The
Tehuantepec Isthmus may be a neotectonic secondary
line in comparison to the Transmexican volcanic axis
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Figure 2. Geologic sketch map showing the main Mesozoic and Cenozoic structural areas of Mexico and Central America. (1-2. Recent volcanism:
1. Pliocene and Quaternary; 2. Oligocene and Miocene. 3-5. Late tectonic formations: 3. unconformable terrigenous marine terranes [molasse]
deposited in the Cretaceous to Cenozoic [Baja California]; 4. unconformable terrigenous continental terranes [molasse] deposited in the Eocene
to Miocene [Mexican altiplano]; 5. terrigenous marine terranes deposited in the Eocene to Miocene [Gulf of Mexico coastal plain]. 6. Oceanic
Mesozoic complexes: A. ophiolitic with blueschists [Baja California: Cedros, Vizcaino, Santa Margarita, Santa Magdalena; Guatemala:
Polochic-Motagua Zone] or without [Costa Rica: Santa Elena]; B. tholeiitic and volcaniclastic deposited in the Late Jurassic(?)-Early
Cretaceous-Late Cretaceous [Costa Rica: Nicoya, Osa; Panama: Sona, Azuero]; C. tholeiitic and volcaniclastic deposited in the Late Cretaceous
[Panama: Darien]. 7. Western Sierra Madre terranes [Mexico]: volcaniclastic belt deposited in the Triassic-Jurassic-Early Cretaceous. 8-10.
Eastern Sierra Madre terranes [Mexico]: nonvolcanic belt deposited in the [Triassic] Jurassic-Cretaceous: 8. allochthonous terranes including
flysch nappes; 9. autochthonous platform of Texas, Coahuila, San Luis Potosi, Oaxaca, Chiapas, Honduras, with Paleozoic basement [Oaxaca,
Honduras]; 10. Sabinas Basin. 11. Cenozoic platform of Yucatan, Peten, Belize. 12. Cenozoic formations of southern Central America. 13.
Main overthrusts [front of the nappes]. A., Acapulco; Be., Belize; Ch., Chihuahua; G., Guatemala City; H., Hermosiilo; M., Mazatlán; Man.,
Managua; Mer., Merida; Mex., Mexico; Mon., Monterrey; O., Oaxaca; P., Panama; S.J., San José de Costa Rica; S.S., San Salvador; T.,
Tegucigalpa; V., Vera Cruz; Z., Zacatecas. I-I' = cross section of Fig. 3; II—II' = cross section of Fig. 4.)

and, as we shall suggest, the faulted area of Polochic-
Motagua.

The neotectonic framework of Mexico cannot be re-
duced to the few main lines briefly described above.
Neotectonic features are apparent everywhere—all over
northwestern Mexico there is a faulted area with a ba-
sin-and-range-type structure that seems to predate the
opening of the Gulf of California, which is not parallel
to these structures. This fault net seems to show a first
stage of the dislocation of the North American conti-
nent but was later interrupted by the opening of the
Gulf of California.

The Gulf of California, the Transmexican volcanic
axis, and the Middle America Trench form, as a whole,
a coherent neotectonic complex connected with the dis-

tribution of the plates in this area of the Pacific. The
Tamayo Fault, which limits the Cocos Plate, is a trans-
form fault linking the East Pacific Rise to the Middle
America Trench: northwards is a pure oceanic-opening
framework—that of the Gulf of California; southwards
is a subduction framework—that of the Middle America
Trench; on land, the Transmexican volcanic axis marks
the boundary of these two areas in the prolongation
of the Tamayo Fault. These neotectonic structures, no
older than the late Miocene or perhaps even the early
Pliocene, seem to have developed in two stages: first the
beginning of the dislocation of Mexico into a basin-and-
range province, followed by the present-day configura-
tion, with the opening of the Gulf of California and
subduction along the Middle America Trench.
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This neotectonic framework is related to the oblique
collision between North America and the East Pacific
Rise that took place north of the Tamayo Fault while
subduction continued in the south.

Tectonic Framework of Mexico

The structure developed in Mexico in the course of
the alpine Mesozoic and Cenozoic cycles is a clear exten-
sion of the tectonic events that occurred in western North
America.

Northern Mexico, North of the Transmexican
Volcanic Axis

In this area from the Pacific coast (to the west) to the
Gulf of Mexico (to the east) one can recognize (Figs. 1
and 2): (1) The extension of the California Coast Range
units, which crop out in Vizcaino Peninsula and adja-
cent islands (Cedros, Margarita, Magdalena) along the
present Baja California borderland (Rangin, 1978). On
these islands ophiolites comparable to those present at
the base of the Great Valley sequence of California are
overthrust westward on top of Franciscan-type units
(blueschists and melanges). This contact is the southern
extension in Mexico of the Coast Range thrust of Cali-
fornia (Jones et al., 1976). Both terranes are disconform-
ably covered by molasse-type deposits, an equivalent of
the Great Valley sequence of California.

(2) These westernmost units are overthrust to the west
by a Mesozoic volcanic-plutonic assemblage of units,
including various arc-type terranes, built along the North
American continental borderland.

The oldest units (the San Andres complex in Baja
California and the Sonoran magmatic belt in adjacent
mainland Mexico), deposited in the Jurassic, were in-
itially tectonized in the Late Jurassic (Nevadian event).
They are disconformably covered by an extensive Early
Cretaceous volcanic-arc-type terrane (Alisitos Forma-
tion). This volcanic arc inter fingers eastward with the
coeval detrital and carbonated sediments of the Chihua-
hua-Sonora Basin, an extension of the Caribbean sea-
ways to the Northeast in the Early Cretaceous.

These Mesozoic volcanic-plutonic units thrust west-
ward over the Franciscan-type terrane and, more mod-
estly, eastward over the sedimentary Chihuahua-Sono-
ra Basin in the Middle Cretaceous (Oregonian event).
These volcanic-plutonic complexes are thus located in
the core of an asymmetric double overfold (Fig. 3).

The last extensive volcanic episode is represented by
the building of the calc-alkaline ignimbrites, rhyolites,
and andesites pile of the Sierra Madre Occidental (McDo-
well and Keizer, 1977; Gastil et al., 1979; Cameron et
al., 1980; Lanphere et al., 1980). This Oligocene volcan-
ism, spanning many hundreds of thousands of square
kilometers, is considered the result of the subduction of
the Farallon Plate under the North American continen-
tal borderland. Those Cenozoic ignimbrites reach well
beyond the Mexican border, in the western North Amer-
ican Cordillera to the north and in Central America to
the south, especially in Guatemala and Honduras (Willi-
ams and McBirney, 1969). The bulk of the Oligocene-
Miocene ignimbrites, which form the vast eastern Sierra

Madre tableland, has developed in alignment with the
Gulf of California. Overlying the Eocene-Oligocene an-
desites and associated with the paleosubduction of the
Farallon Plate, the ignimbrites are perhaps connected
with the swelling of the crust just before the first basin-
and-range rifting prior to the opening of the Gulf of
California.

In any case, there is a general change in the space
distribution and nature of volcanism at the Oligocene/
Miocene boundary (2 Ma). This general alteration is per-
haps due to changes in spreading directions and in the
relationship between the Pacific Ocean and the Ameri-
can Plate (a change from subduction to collision with
the East Pacific Rise prior to the opening of the Gulf of
California).

(3) The rest of northern Mexico consists of the sedi-
mentary formations of the eastern Sierra Madre thrust
eastwards towards the Gulf of Mexico during the Paleo-
cene Laramian orogenic phase (Cordoba et al., 1980;
Tardy, 1980).

The most apparent feature of the eastern Sierra Ma-
dre is the Parras Transverse Zone in northern Mexico
(Aubouin et al., 1977a). This zone is marked by the ax-
ial inflection of the Texas-Cohuila Platform, on which
the Parras nappes (comprising Mesozoic limestone nappe
and Cretaceous-lower Tertiary nappe) were overthrust
at the beginning of the Eocene (Laramian orogenic
phase) to the extent of bordering the Gulf of Mexico.

Thick molassic Paleogene and Neogene formations
were placed on the Mexican plateau, while flysch con-
tinue to pile up on the Gulf of Mexico margin. An intra-
Miocene tectonic episode developed wide radius folds
that deformed the previous structures. This tectonic
event was followed by the piling up of Pliocene-Quater-
nary deposits in the neotectonic rift valley, born of the
basin-and-range tectonics, from the late Miocene on-
ward.

(4) With the exception of the opening of the Gulf of
California, Mexico appears as an edifice with a double
vergence on either side of a Mesozoic volcanic-plutonic
calc-alkaline axis developed in the western Sierra Madre
and Baja California—as internal zones common to the
Franciscan and Mexican systems (Cordoba et al., 1980).
There are at least two metamorphic belts: a high pres-
sure-low temperature zone of blueschists to the west in
the Franciscan system of western Baja California; and a
low pressure-low temperature zone of greenschists to
the east, in the western Sierra Madre and eastern Baja
California. On the western side, the tectonic features of
the Franciscan system face west; on the eastern side, the
features of the Mexican system face east. The Mexican
system is the seat of the earliest tectonic episodes which
began in the Late Jurassic, while the most recent phases
moved together: westwards in the west (in the Fran-
ciscan system), eastwards in the east (in the Mexican
system) in the Middle Cretaceous, the Late Cretaceous
to early Eocene, and the Tertiary. The nature of the two
sides differs fundamentally. To the west (Fig. 3) the
Coast Range is formed by the piling up of the Francis-
can paleoceanic units, whereas to the east (Fig. 4), the
Sierra Madre is formed by Mexican epicontinental sedi-
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Figure 3. Schematic cross section of the Californian-Cordilleran edifice in Baja California and Sonora (Cordoba et al., 1980). (This location is
shown as I-I' on Fig. 2. 1-2. Basement: 1. Precambrian metamorphic basement; 2. Precambrian and Paleozoic nonmetamorphic basement.
3-10. Californian terranes: 3. blueschist facies metamorphic terranes; 4-6. ophiolitic terranes deposited in the Triassic to the Jurassic [4.
Triassic, 5. Callovian, 6. Callovian-Tithonian]; 7-9. volcanic-plutonic complex deposited in the Triassic to the Early Cretaceous [7. Triassic-
Lias(?), 8. Late Jurassic: Callovian-Tithonian, 9. Early Cretaceous]; 10. Albian flysch [nappe]. 11-13. Cordilleran terranes: 11.
volcanic-plutonic complex deposited in the Jurassic [Lias-Oxfordian]; 12-13. nonvolcanic sedimentation series deposited in the Cretaceous;
[12. Early Cretaceous; 13. unconformable Early Cretaceous—molasse]. For better representation, Upper Cretaceous molasse deposits and
Upper Cretaceous-lower Cenozoic plutonism were omitted.)

SW 1ME
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Figure 4. Schematic geological cross section of the Sierra Madre Oriental (Cordoba et al., 1980). (The location is shown as II—II' on Fig. 2. 1. Pre-
Jurassic basement. 2. Callovian-Oxfordian décollement level [gypsum]. 3-6. Sierra Madre Oriental: 3. Oligocene-Miocene andesitic and ignim-
britic volcanism; 4. unconformable Eocene-Miocene sedimentary terranes [molasse]; 5. Upper Cretaceous flysch; 6. Jurassic-Lower Cretaceous
pelagic limestones. 7-8. Coahuila Platform: 7. Lower Cretaceous rudist limestones; 8. Lower Cretaceous décollement level [gypsum]. 9-10. Gulf
of Mexico Coastal Plain: 9. Jurassic-Cretaceous platform to pelagic limestones; 10. Cenozoic terrigenous terranes.)

mentary (eastern Sierra Madre) and volcanic-plutonic
(western Sierra Madre) units.

The whole picture is that of a tectonic edifice con-
nected to the Pacific (paleo)subduction during the Meso-
zoic and the Tertiary (see for comparison Ernst, 1970;
Coney and Reynolds, 1977), with the oceanic Baja Cali-
fornia Franciscan series subducted beneath a distorted
continental margin of the Sierra Madre Mexican series
and all run through by plutons and calc-alkaline volca-
noes of Baja California and the western Sierra Madre.

One therefore finds in northern Mexico an extension
of the structures of the Cordilleras of western North
America. A mesozoic volcanic-plutonic calc-alkaline
axis is equivalent to that of the Sierra Nevada, which
corresponds to episodes of subduction of the Pacific
Plate as recorded by the Franciscan rocks tectonically
stacked against the western face of Baja California and
California. These act as internal zones to a Mexican tec-
tonic edifice, overthrusted eastwards, equivalent to the
Cordilleras of western North America from the Sierra
Nevada to the front of the Rocky Mountains.

Southern Mexico, South of the Transmexican
Volcanic Axis

South of the Transmexican volcanic axis, the north-
ern Mexican structures continue in the Sierra Madre del

Sur to such an extent that the plateau zone becomes re-
duced at the Rio Tehuacan Valley and the continuation
of the Coast Range is lost (Cordoba et al., 1980). The
Sierra Madre del Sur is thus equivalent to the western
and eastern Sierra Madre, the tectonic orientation of
which, almost north to south, dies out at the coast at its
intersection with the Middle America Trench. There is
no prolongation of the Franciscan complex in southern
Mexico.

On the contrary, zones more external than the eastern
Sierra Madre appear in the Yucatan-Peten-Belize coun-
try and the Chiapas Chain. They are affected by the
more recent episodes of tectonic folding during the Mio-
cene, terminating with frontal overthrust onto the south-
ern Yucatan Miocene molasse. The Middle Cretaceous
and Late Cretaceous phases are mainly apparent in the
western zones of the chain in the Sierra de Juarez and
the Oaxaca block of the western cordillera system. The
Miocene tectonic phase thus completes the polarity of
the Mexican chain, starting from its internal volcanic-
plutonic axis (see the preceding sections).

Metamorphism is important in the west of the Sierra
Madre del Sur and is an extension of the western Sierra
Madre metamorphism. A large part of the metamorphic
terranes formerly considered Precambrian or Paleozoic
are in fact Jurassic to Cretaceous, such as further north
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in the western Sierra Madre. These dates are substan-
tiated by discoveries of fossils during the last few years
(Cordoba et al., 1980). These metamorphic series, over-
thrust eastwards onto the sedimentary cover of the east-
ern Sierra Madre, constitute a type of "schistes lustres"
terrane.

The magnitude of the overthrust of the Mesozoic
matamorphic facies is emphasized by the vast sheet of
metamorphic rocks overthrust from the west as far as
the neighborhood of Tehuantepec, and preserved for-
ward of the Oaxaca block at the foot of a fault zone
striking NNW-SSE (Fig. 2). These structures are only
slightly disrupted at the Tehuantepec Isthmus. The Si-
erra Madre de Chiapas is aligned with the most external
parts of the Sierra Madre del Sur. The Miocene distor-
tions are very amply marked there; in some aspects the
Sierra Madre de Chiapas appears like a kind of Jura
mountain range, the front of which thrusts over the
Yucatan Platform.

Associated with these metamorphic facies, the first
ophiolitic bodies appear, unknown in the northern Mex-
ican chain. This is the first evidence of an ophiolitic belt
present in Mexico and is probably linked to the Carib-
bean area (see the discussion that follows).

Conclusion
Mexico is the prolongation of the western mountain

system of North America with a few characteristic chang-
es due to: the recent superposition of the American con-
tinental margin on the East Pacific Rise, which caused
the basin-and-range structure and the opening of the
Gulf of California; the outline of the Gulf of Mexico,
thanks to which more and more eastern external zones
developed towards the south, in such a way that the
front of the eastern Sierra Madre, Paleocene in the
north of Mexico, becomes Miocene in the south; and the
obliquity of the Middle America Trench, which reduces
southern Mexico to relatively external areas of the Mex-
ican system while the Californian Coast Range is ter-
minated.

Off the coast of Mexico, the Middle American Trench
runs along a continental border.

TRANSVERSE ZONE OF GUATEMALA: THE
TRANSITION TO CENTRAL AMERICA AND THE

CARIBBEAN AREA
Within Guatemala, the volcanic cordillera begins and

widens in the Central America Isthmus. This arrange-
ment features calc-alkaline volcanoes and is separated
from those on the Transmexican axis by approximately
400 to 600 km. There are no active volcanoes along the
Pacific coast of southern Mexico; the classical associa-
tion of trench and volcanoes occurs only within Central
America.

The most outstanding neotectonic feature is the Polo-
chic and Motagua Faults Zone (Dengo, 1973), which, as
shown by earthquake focal mechanisms, correspond to
a sinsistral strike slip motion. The Antigua-Guatemala
"rift valley" opened as a consequence of this motion.

This complex of faults, so obvious on the Caribbean
side, does not appear on the Pacific coast.

Nevertheless, should it be confirmed that the Hon-
duras Platform has a constitution similar to that of the
Oaxaca block (see preceding discussion), one could sug-
gest that the Polochic-Motagua Fault Zone initiated the
Acapulco Trench during the late Miocene through a
large sinistral strike slip motion that was afterwards
taken up in the subduction of the Cocos Plate.

The Polochic-Motagua Fault Zone is superimposed
on a tectonic complex of nappes that overthrust north-
wards (Wilson, 1974; Aubouin et al., 1977a). The main
element is an ophiolitic nappe that was thrust over the
Peten Platform, an extension of the Yucatan Platform,
at the end of the Cretaceous during the Laramian oro-
genic phase. The ophiolites are associated with meta-
morphic high pressure-low temperature rocks of the
blueschist facies. The whole tectonic allochthon repre-
sents the Caribbean sheet front, which is distorted by
the East Yucatan fault complex. A similar allochthon
extends eastward onto Cuba and passes north of His-
paniola and Puerto Rico. A tectonic reentrant of this
Caribbean thrust front is preserved in southern Mexico
thanks to the East Yucatan faults. It would be risky to
consider it a semi window.

Conclusion
The Guatemala Transverse Zone (Aubouin et al.,

1977a) is a major feature marked in two ways. First, at
the end of the Cretaceous, the Caribbean nappes were
thrust northward on the axial inflection of the southern
Mexico structures. In this respect, the Guatemala Trans-
verse Zone is parallel to the Parras Transverse Zone of
northern Mexico (see preceding discussion) and in general
alignment with the various transverse zones that seg-
ment the western North American Cordilleras. Second,
at sometime during the Miocene to Quaternary, the west
to east sinistral strike slip of the Polochic and Motagua
faults may have offset Central America toward the east
with respect to Mexico.

Given our present knowledge, we cannot specify the
prolongation of the ophiolites and the metamorphic fa-
cies of the Guatemala Transverse Zone into Mexico. Do
they link up with the Franciscan facies to the west? To
the north, are they continuous with the metamorphic fa-
cies and the ophiolites of the internal part of the Sierra
Madre del Sur (see earlier discussion)? At first thought,
the second hypothesis seems the more likely: the Carib-
bean area would extend northward in the shape of the
finger of a glove ("en doigt de gant") east of the Meso-
zoic plutonic-volcanic arc that borders the Mexican
system on the Pacific side (Cordoba et al., 1980). But to
be sure of these relationships between the Caribbean
and Sierra Madre, we must know more about the mag-
nitude of the offset along the Polochic-Motagua Zone.

Today, the North American continent extends up to
the Guatemala Transverse Zone, where it abuts the
Caribbean nappes that have been displaced by the Yuca-
tan fault scarp.
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Up to the Guatemala Transverse Zone, the Middle
America Trench continues along the North American
continent.

GEOLOGY OF CENTRAL AMERICA

Central America is essentially a recent volcanic cor-
dillera, stretching from Guatemala to Panama, never-
theless it has been traditionally divided into two parts
(Dengo, 1973). The northern part includes nuclear Cen-
tral America: Guatemala, Honduras, El Salvador, and
Nicaragua, the substratum of which is a core of prevol-
canic terranes. The southern part is the Isthmus of Cen-
tral America (Costa Rica and Panama), which is nearly
entirely volcanic, although in various peninsulas along
the Pacific coast there are outcrops of prevolcanic ter-
ranes that differ totally from those of nuclear Central
America.

The younger Pliocene-Quaternary volcanoes (Will-
iams, 1960) are the dominant geomorphologic features,
but volcanism seems to have started in the Eocene—per-
haps in the early Eocene or even at the end of the
Paleocene—when the first signs of an andesitic volcan-
ism appeared in Costa Rica. Early Eocene dioritic plu-
tons are known in Panama. Subduction may have thus
begun prior to the Miocene.

During the Oligocene and mainly the Miocene and
the Pliocene, calc-alkaline volcanism spread over all
Central America, from Guatemala to Darien, Panama
(Fig. 2) (Robin and Tournon, 1978). It was essentially
an andesitic volcanism; however, in nuclear Central
America (particularly Honduras) the middle Miocene is
marked by an ignimbritic-rhyolitic episode that is con-
temporaneous with part of the thick ignimbritic extru-
sions in Mexico (see preceding sections). Dioritic and
monzonitic intrusions exist in most of the countries of
Central America, where they are associated with "por-
phyry copper."

During the Quaternary, a line of large andesitic
stratovolcanoes was built parallel to the Middle Amer-
ica Trench (Meyer-Abich and McBirney, 1958). In El
Salvador, but mainly in Costa Rica (Guanacaste) and
Panama (Code), there is a wide outcrop of dacitic and
rhyodacitic ignimbrites. The alkaline magmatism, small
in volume with respect to the calc-alkaline magmatism,
is close to the Caribbean coast north of Honduras, but
is centered mainly in Nicaragua and Costa Rica where
the alkaline lavas of nephelenitic, basanitic, and basaltic
composition are Pliocene-Quaternary.

The Honduras Platform

In the north, including Guatemala, Honduras, and
Nicaragua, the widening of nuclear Central America is
tied to the presence of Mesozoic prevolcanic terranes
(mainly limestone) and Paleozoic sedimentary and meta-
morphic formations that constitute the Honduras Plat-
form. Precambrian formations are perhaps also present
in the west of Guatemala, just below the volcanic ter-
ranes along the Pacific coast. These Paleozoic outcrops
are nucleii incorporated into the Central American Ca-
ribbean chain. Nevertheless, because of their platform
structure and nature, they are comparable to those crop-

ping out in southern Mexico (e.g., Oaxaca block). They
might be the extension of the Mexican structures, wheth-
er it be the reappearance of a window of the Peten Plat-
form at the rear of the Caribbean thrust front, or the
displacement of a part of the Oaxaca block through a
large sinistral strike slip along the Polochic-Motagua
Fault Zone (see the previous discussion). In both cases,
relatively external elements of the Mexican chain might
be found in Honduras, and the Honduras Platform
would represent the furthest known extension of the
North American continent.

The Nicoya Complex

In the southern parts of Costa Rica and Panama, the
Isthmus of Central America is fringed, along the Pa-
cific, at the foot of the Volcanic cordillera, by a tecton-
ized volcanic-sedimentary formation. That formation
comprises from north to south the Santa Elena Penin-
sula, the Nicoya Peninsula, the Osa Peninsula, and the
Sona and Azuero peninsulas.

Beneath an upper Campanian-Maestrichtian to Ter-
tiary transgressive sedimentary cover, the Santa Elena
Peninsula is exposed as a massif of peridotites including
an ophiolitic complex of tectonized harzburgites, gab-
bros with cumulate facies, and dolerites. These have
been overthrust onto a volcanic-sedimentary complex
of the diabase-radiolarites type (Azéma and Tournon,
1980).

The Nicoya Peninsula is formed by a volcanic-sedi-
mentary series determined by radiolarian assemblages as
Upper Jurassic(?) and Cretaceous (Azéma et al., 1979;
Galli, 1979; Schmidt-Effing, 1979). The relation be-
tween the Santa Elena peridotites and the Nicoya Com-
plex is unknown. Most probably the Santa Elena peri-
dotites represent a higher unit, tectonized at an early
date (prior to the late Campanian-Maestrichtian) and
then thrust over the Nicoya Complex.

The Sona and Azuero Peninsulas are covered by an
upper Campanian-Maestrichtian transgressive sedimen-
tary sequence (Fig. 2). They include rocks of the green-
schists facies, for which there is no equivalent elsewhere
in Central America (Recchi, 1976). Their age is still un-
known. These rocks are probably part of a volcanic-sed-
imentary complex, as ancient basalts and graywackes
have been identified in the metamorphic terranes.

There is, therefore, along the Central America Isth-
mus, a tectonic edifice of Pacific vergence, built with
oceanic terranes themselves of Pacific origin, and tec-
tonized at the end of the Cretaceous. There is no indica-
tion of the presence of a continental basement. The Cen-
tral America Isthmus is perhaps an intraoceanic edifice.

The Mesozoic terranes of the Pacific coast of the
Isthmus of Central America are not related to those of
Mexico, unless, possibly, with the Franciscan with which
they share a common facies. A detailed comparison re-
mains to be made, which should be governed by the fact
that the outcrops in Baja California are the internal
parts of the Franciscan system, those that were the
earliest tectonized, perhaps as early as the Late Jurassic;
the Nicoya series should be compared to the more exter-
nal, the westernmost, Franciscan formation (see the dis-
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cussion that follows). But what to compare the green-
schists of the Sona Azuero peninsulas with?

DISCUSSION

1. The Middle America Trench skirts the end of the
North American continent—at least up to the Guate-
mala Transverse Zone, at most up to the latitude of the
Honduras Platform. This end of the North American
continent is a remarkable place from the tectonic point
of view. During the Late Cretaceous to the Paleocene,
north-south compression between North America and
South America was predominant: therefore the Carib-
bean thrust system was overthrust onto the American
Platform as an ophiolitic nappe. At the present time,
and since the Pliocene, the predominant movement has
been a sinistral west-east strike slip.

The southern part of the Middle America Trench
skirts the Central America Isthmus, which is perhaps a
purely intra-oceanic construction. This arrangement is
very limited in space because the northern part of the
South American continent—the Santa Marta Sierra and
the Guajira Peninsula in Colombia—is almost on the
same latitude as the Honduras Platform; the green-
schists of the Sona, Azuero, and Panama peninsulas
perhaps begin to belong to the edifice fringing the South
American continent.

Although at sea the main boundary is the Tehuan-
tepec Ridge, on land the main boundary is not the
Tehuantepec Isthmus, which only offers a very slight
offset of the structures, but the Guatemala Transverse
Zone. Inversely, the Guatemala Transverse Zone does
not seem to be marked at present at its point of intersec-
tion with the Middle America Trench. This lack of ex-
tension seems to indicate that its sinistral present motion
is recent and could be limited to the transversal opening
of the Antigua-Guatemala "rift valley."

There are, however, signs of a far more important
sinistral strike slip motion during the late Miocene,
which caused the Honduras Platform to shift approxi-
mately 800 km eastwards. This motion cut the Mexican
structures off and could have initiated the Acapulco
Trench as a strike-slip trench subsequently taken up by
subduction. The Polochic-Motagua area was perhaps,
during the late Miocene, the landward continuation of a
Pacific transform fault with a compressive transcurrent
motion, hence nonvolcanic. In the same way, perhaps
the Transmexican volcanic axis has been, since the Plio-
cene, the landward continuation of the Tamayo Fault
with an extensional transcurrent motion, thus volcanic.

2. South of the Tehuantepec Ridge, structures of the
Nicoya and Santa Elena peninsulas may extend under
the continental margin. Geophysical information sup-
ports this hypothesis (see J. Ladd, this volume). As a
whole, the basic Nicoya Complex and the peridotites of
the Santa Elena Peninsula bring to mind the Franciscan
configuration as it is exposed in the Santa Margarita
and Santa Magdalena islands at the extreme point of
Baja California. Also, similar facies exist in the western
Cordilleras of Colombia. At present we can only specu-
late that Coast Ranges of the Franciscan type border
western North America, Central America, and South
America, from California to Colombia.

The Middle America Trench in its southern part is
parallel to ancient structures that can be considered con-
nected to episodes of paleosubduction. This position is
very different from that of its northern part, where it in-
tersects geologic structures of southern Mexico. The
Trench in its present form occupies its ancient position
offshore of the Isthmus of Central America (Guatemala
Trench), while it occupies a new position offshore of
southern Mexico (Acapulco Trench), which can be un-
derstood better if a vast sinistral strike-slip offset oc-
curred in the course of the Miocene.

3. The part played by the aseismic Tehuantepec and
Cocos ridges is very important on the seaward side, but
very weak on the landward side of the Trench. On the
oceanic side, both ridges restrict the Trench and limit
the width of the large Middle America continental shelf.
On the continental side, the Tehuantepec Ridge pro-
duces only a slight offset in the structures, whereas the
Cocos Ridge raises them as a whole. It is on the "nose"
of the Cocos Ridge that the Nicoya Peninsula is ele-
vated. However, neither the Tehuantepec Ridge nor the
Cocos Ridge play a part in the continuity of the struc-
tures on land. The relationship of tectonics and aseismic
ridges is the subject of considerable discussion (Vogt et
al., 1976). Aseismic ridges seaward of the Andean Cor-
dillera, the Nazca Ridge, for example, alter neither the
continuity nor the nature of the Andean Cordillera. This
same independence between oceanic and continental
structures is also to be found in detail between the con-
tinental margin of Central America and the Cocos Plate,
as shown by a Seabeam survey of the Leg 67 area (see
Aubouin et al., this volume).

4. Within the Central America Isthmus, the relation
between the Caribbean and the Pacific and between
North America and South America is problematic. For
the geologic past, there are lines of paleontological evi-
dence showing that the Caribbean area of Tethys affini-
ty (Aubouin et al., 1977b) did not open up in the Pacific
before the Late Jurassic or the Early Cretaceous. Upper
Jurassic rocks indicate there is no oceanic fauna connec-
tion; for example, Calpionellas, which exist throughout
the Tethys area, are not to be found on the western side
of the Americas (Remane, 1980). In contrast, Lower
Cretaceous rocks contain the same type of fauna and
are widely spread from the Tethys to the eastern Pacific.

At various times faunal communication existed be-
tween North and South America. The Middle Cretaceous
seems to have been such a period, as is evidenced by the
distribution of the vertebrates found on either side of
the Caribbean. The Middle Cretaceous was an essential
tectonic period in the Caribbean chains in that it pos-
sibly marked the first collision of North America with
South America. This collision was repeated at the end of
the Cretaceous (Laramian orogenic phase) and in the
course of the Paleogene (namely in the middle-late Eo-
cene) before the present-day connection that dates back
to the late Miocene or, even, the early Pliocene.

The presence of a tectonic edifice along the Pacific
face of the Central America Isthmus limits the possibil-
ities for the origin of the Caribbean Plate. The terranes
of Pacific origin that are found there, starting in the late
Jurassic, were "trapped" by compressive tectonic events
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in their present position. The terranes of the same age in
the Caribbean therefore could not have a Pacific origin
and could not have been "captured" during episodes of
the differential drift between North and South America
(Aubouin and Azéma, 1980). The Caribbean Plate is
not of Pacific origin; all available evidence indicates its
Tethys affinity.
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