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ABSTRACT

We present a summary of the tectonic elements of the North 
America-Caribbean-Cocos triple junction area. In the vicinity of the 
triple junction, displacement related to the North America-Caribbean 
plate boundary takes place along the left-lateral Motagua-Polochic fault 
system, and convergence between the Cocos and the other two plates 
occurs along the Middle America trench.

The trace of the Motagua-Polochic system is lost at its westernmost 
end and does not reach the convergent boundary. Deformation of the 
plate boundary in this location is then distributed along a system of 
reverse faults (the Reverse-faults tectonic province), a system of left-
lateral faults (Strike-slip faults province), two or more large NW-SE 
oriented left-lateral faults (Angostura and Concordia faults), and a 
left-lateral fault (Tonalá) that might be construed as the continuation 
of the Polochic fault along the southern border of the Chiapas Massif.

Somewhere within this deformation zone, transition in overriding 
plate between North America and Caribbean takes place, but it is not 
clear exactly where. It is probably at about longitude 96° W because both 
the dip and the shape of the subducted Cocos slab change significantly 
at this longitude. 

Keywords: Plate tectonics; triple junction; North America plate, 
Caribbean plate; Cocos plate.

RESUMEN

Presentamos una reseña de los elementos tectónicos que conforman 
la unión triple de las placas Norte América-Caribe-Cocos. En la cercanía 
de la unión triple, el desplazamiento relacionado con el límite placas Norte 
América-Caribe se da a lo largo del sistema de fallas sinistral Motagua-
Polochic, mientras que la convergencia entre la placa de Cocos y las otras 
dos placas se da a lo largo de la trinchera Mesoamericana.

La traza del sistema Motagua-Polochic se pierde en su extremo 
occidental y no llega a la trinchera. La deformación del límite de 
placas en este punto se distribuye en un sistema de fallas inversas (la 
provincia tectónica de fallas inversas), un sistema de fallas laterales 
de desplazamiento sinistral (la provincia de fallas laterales), dos o más 
grandes fallas orientadas NW-SE (fallas Angostura y Concordia), y una 
falla de desplazamiento lateral izquierdo que corre a lo largo del límite 
sur del macizo de Chiapas (falla Tonalá), la cual pudiera ser interpretada 

como la continuación de la falla Polochic a lo largo del flanco sur del 
macizo de Chiapas.

En algún punto de esta zona de deformación tiene lugar la transición 
en placa superior entre las placas Norte América y Caribe, aunque 
no está claro dónde exactamente. Es probablemente alrededor de la 
longitud 96° W, ya que ahí ocurre un cambio significativo en el ángulo 
de subducción de la placa de Cocos. También en la longitud 96° W se 
observan cambios en la forma en la trinchera Mesoamericana.

Palabras clave: Tectónica de placas; unión triple; placa de Norte América; 
placa Caribe; placa de Cocos.

INTRODUCTION

The North America, Cocos, and Caribbean plates meet in north-
ern Central America and southern Mexico. The limit between the 
North America and Caribbean plates is a left-lateral, transform plate 
boundary, whereas the Cocos plate subducts underneath the North 
America and Caribbean plates along the convergent margin known 
as the Middle America trench (MAT) (Figure 1). However, there is no 
Trench-Trench-Transform Fault (TTF) triple junction, in the classical 
sense of McKenzie and Morgan (1969), because the three plates do not 
meet at a single point. The trace of the transform is lost in western Gua-
temala (e.g., Plafker, 1976; Guzmán-Speziale et al., 1989) and it is not 
certain where the transition in the overriding plate along the trench is 
located (e.g., Guzmán-Speziale and Zúñiga, 2016). This has led several 
authors (e.g., Plafker, 1976; Sykes et al., 1982; Guzmán-Speziale et al., 
1989; Guzmán-Speziale and Meneses-Rocha, 2000; Lyon-Caen et al., 
2006; Guzmán-Speziale, 2009; Ratschbacher et al., 2009; Authemayou 
et al., 2011; Franco et al., 2012; Álvarez-Gómez et al., 2019; Ellis et al., 
2019; Graham et al., 2021; Garnier et al., 2022) to propose models for 
the triple junction. In a broader sense, models for the evolution of the 
Caribbean plate (e.g., Freeland and Dietz, 1971; Burke, 1988; James, 
2009; Benthem et al., 2013; García-Reyes and Dymant, 2021) may also 
be considered models for the triple junction.

Several tectonic features play a role in the deformation of the triple 
junction. Along the North America-Caribbean plate boundary zone, 
they are mainly the Motagua, Polochic, and Ixcán fault zones, as well as 
the Reverse-faults and Strike-slip faults tectonic provinces in southern 
Mexico. South of these great faults, the grabens of northern Central 
America also play a role in the tectonics of the area. The Middle America 
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trench and the subducted Cocos Plate are related to the Cocos-Caribbean 
plate boundary. And finally, another tectonic feature associated to the 
triple junction is the Central America forearc sliver, located between the 
Central America volcanic arc and the Middle America trench and the 
Jalpatagua fault and associated volcanic arc (Figure 1).

In this paper, we review the elements that comprise the triple 
junction deformation area, and their bearing on the tectonics of the 
junction. We do so from a neotectonics point of view, that is, we exam-
ine the role of different tectonic elements in the present-day tectonics 
of the triple junction, and not from the perspective of the tectonic 
evolution through geologic time.

TECTONIC ELEMENTS OF THE TRIPLE JUNCTION AREA

The North America-Caribbean plate boundary zone
The limit between the North America and Caribbean plates is a 

left-lateral, transform plate boundary that extends from the island of 
Hispaniola in the east to western Guatemala in the west. It comprises 
the Enriquillo-Plantain-Garden and Septentrional fault zones in His-
paniola, the Oriente and Walton fault zones southwest of the island of 
Cuba, and on the eastern part of the Cayman trough. All these faults 
are left-lateral and define the Gonâve microplate (e.g., Mann et al., 
1995; DeMets and Wiggins-Grandison, 2007) (Figure 1). The Cayman 
spreading center is the western limit of the Gonâve microplate and is 
located in the middle of the trough. West of the microplate, the Swan 
Island fault zone flanks the southwest side of the trough, and runs from 
the spreading center to the coast of Guatemala. Once in continental 
Guatemala, the Swan Island fault zone becomes the Motagua-Polochic 
fault zone, a pair of large faults, with subsidiary smaller faults, that run 
roughly from east to west, concave to the north, while the Swan Island 
fault is slightly concave to the SSE. These are two left-lateral fault zones 
that extend for about 350 km, the Polochic to the north, the Motagua 
to the south (e.g., Bonis, 1967; 1975; Muehlberger and Ritchie, 1975; 
Burkart, 1978; 1983; Burkart and Self, 1985; Franco et al., 2009; Authe-
mayou et al., 2012; Obrist-Farner et al., 2020) (Figures 1 and 2). Some 
authors include the Jocotán-Chamelecón fault system, located south 
of the Motagua fault, as part of the plate boundary zone (e.g., Crane, 
1965; Schwartz et al., 1979; Burkart and Self, 1985). 

The trace of the Motagua fault is lost underneath Tertiary volcanic 
deposits in western Guatemala, a few kilometers north-northwest of 
Guatemala City (e.g., Giunta et al., 2002) (Figure 2a). The Polochic fault 
abuts against the Chiapas Massif, in the Mexico-Guatemala border (e.g., 
Guzmán-Speziale et al., 1989) (Figure 2). Apparently, the Polochic fault 
at its western terminus splays into several branches, that include the 
Seleguá fault (Dengo, 1968), the Nentón fault (a fault that runs along 
the Nentón river valley), the San Pedro Necta (Anderson et al., 1973; 
1985; Authemayou et al., 2011; Andreani and Gloaguen, 2016) to the 
northwest, and the Mapastepec fault (Guzmán-Speziale and Meneses-
Rocha, 2020) to the southeast (Figure 2b). Neither the Motagua nor 
the Polochic trace intersects the Middle America trench, so a typical 
TTF triple junction (McKenzie and Morgan, 1969) has not developed. 

Additional to the Motagua and Polochic faults, several authors 
have proposed other features as part of the North America-Caribbean 
plate boundary zone. These are (Figure 2): the Ixcán (Guzmán-Speziale, 
2010), and Las Conchas (Styron et al., 2020; Guzmán-Speziale and 
Molina, 2022) faults, north of the Polochic fault zone, and the grabens 
of northern Central America, a series of N-S trending structures located 
south of the Motagua fault zone (e.g., Dengo, 1968; Stoiber and Carr, 
1973; Muehlberger and Ritchie, 1975; Plafker, 1976; Mann and Burke, 
1984; Burkart and Self, 1985; Ferrari et al., 1994; Phipps Morgan et al., 
2008; Pérez, 2009).

Tectonic provinces of Chiapas, Mexico
Guzmán-Speziale et al. (1989) and Guzmán-Speziale and 

Meneses-Rocha (2000, 2020) have suggested that the tectonic provinces 
of Chiapas, Mexico (Figure 2) are an essential part of the deformation 
associated to the triple junction. Meneses-Rocha (1985; 2001) 
identified the following tectonic provinces in Chiapas: The Chiapas 
batholith, Chicomuselo anticlinorium, Reverse-faults province, 
Central depression (Sierra homocline), and Strike-slip faults province. 
Guzmán-Speziale and Meneses-Rocha (2020) include the Tonalá fault 
zone in this list (Figure 2). 

Chiapas batholith 
Also called Chiapas massif, it is a mountain chain that runs par-

allel to the MAT for about 300 km (Figure 2). It is composed mainly 
of Permo-Triassic granites and granodiorites (Sedlock et al., 1993; 
Weber et al., 2002, 2008). According to Villagomez and Pindell (2020) 
the main cooling and exhumation phase took place 40 to 25 Myr ago. 
Villagomez and Pindell (2020) assigned the massif an important role 
for the tectonics of the area between 25 and 7 Myr ago. Although very 
prominent as a topographic feature, the massif does not seem to have 
any role into the present-day tectonics of the triple junction, aside 
from being the structure that originates the splaying of the Polochic 
fault.

Chicomuselo anticlinorium 
It is a NW-SE-oriented structure, identified by Burkart (1978; 

1983) and Anderson et al. (1985) as the Comalapa anticlinorium 
(Figure 2a). De La Rosa et al. (1989) identified several anticline and 
syncline structures within the province, all oriented in a NW-SE to 
WNW-ESE direction. Location and orientation of the province suggest 
a transpressive origin within the Concordia fault system (Figure 2a) 
(see below). 

The Reverse-faults province
This province, together with the Strike-slip faults province (see be-

low), forms the Sierra de Chiapas. The Reverse-faults province, located 
in the eastern Sierra de Chiapas, is a structure shaped as a wide S, mainly 
concave to the southwest. It consists of a series of narrow, tightly folded 
anticlines, flanked by reverse faults and whose intervening synclines 
have been overturned (Meneses-Rocha, 1991, 2001). Guzmán-Speziale 
and Meneses-Rocha (2000) interpreted this province as a compressive 
stepover between the left-lateral Motagua-Polochic fault system and 
the Strike-slip faults province. This province encompasses what was 
previously known as the Arco de la Libertad (Vinson and Brineman, 
1963; De La Rosa et al., 1989), Yaxchilán (Sánchez Montes de Oca, 
1979), and Miramar (Sánchez Montes de Oca, 1979; De la Rosa et al., 
1989) tectonic provinces.

Strike-slip faults province
This province, located in the northern Sierra the Chiapas, was 

formerly known as the Mountains of the North and the High Plains 
tectonic province (Sánchez-Montes de Oca, 1979). It comprises an area 
of about 360 by 130 km, and is formed by rising and sinking blocks 
bounded by left-lateral strike-slip faults (Figure 2). The faults range 
in length from 30 to 165 km (Guzmán-Speziale and Meneses-Rocha, 
2020) and have different orientations: variable in the west, NW-SE 
in the central area, and E-W in the east (Meneses-Rocha, 2001). In 
all, Guzmán-Speziale and Meneses-Rocha (2020) identified thirteen 
significant faults within the province overall. Meneses-Rocha (1985) 
considered an average displacement of 4–5 km (with a maximum of 
16 km) along each of the faults, with a total displacement of 70 km 
along the entire province.
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Central Depression
Also called Homoclinal de la Sierra, it is a large plain, 160 km in 

length and 45 km in width, oriented NW-SE, along which the Grijalva 
river flows (Figure 2). The Angostura dam and lake are located on 
this river. The Reverse-faults province is located to the northeast, the 
Chiapas massif to the south and southeast, and the Strike-slip faults 
province to the north. The limit between the depression and the Strike-
slip faults province is a normal fault (e.g., Meneses-Rocha, 2001), not 
active at present, as evidenced by the presence of two large alluvial fans 
along it. The Concordia (also originally a normal fault but presently 
probably reactivated as a left-lateral, strike-slip fault; Guzmán-Speziale 
and Menses-Rocha, 2020), is located to the south of this province, 
marking the limit between the Chiapas massif and the depression 
(Figure 2) (Movarec, 1983; Burkart et al., 1989; Meneses-Rocha, 2001). 
The Angostura fault (Figure 2) (Grijalva fault of Graham et al., 2021) 
runs along the center of the province, in a NW-SE orientation. To the 
northwest, the depression is crossed by three strike-slip faults, with 
similar NW-SE orientation: Quintana Roo, Uzpanapa-Las Flores, and 
La Venta-Grijalva (Figure 2). Based on satellite imagery, Meneses-
Rocha (1987) proposed that the Angostura and La Venta-Grijalva are 
one single structure, more than 200 km long. 

Tonalá fault
This fault runs in a NW-SE direction for about 200 km, along 

the southern flank of the Chiapas massif (Figure 2). It is one of 
the structures that Muehlberger and Ritchie (1975) identified as a 
continuation of the Polochic fault. García-Palomares (1978) suggests 
left-lateral displacement, mainly during the Miocene. Molina-Garza et 
al. (2015) found indicators of sinistral shearing on Miocene granitoids 
along the fault, accommodating 100 km of sinistral displacement 
along the plate boundary in the late Miocene, while Authemayou et 
al. (2011) considered the fault as one of the main elements (along with 
the Jalpatagua fault) of their pull-up and zipper model of the triple 
junction. Graham et al. (2021) see the Tonalá fault as a sub-vertical 
ductile sinistral transcurrent shear zone, which plays the role of a long-
lived North America-Caribbean plate boundary fault. 

The Middle America trench
The Middle America trench is the tectonic feature along which 

the Cocos plate is being subducted underneath the North America 
and Caribbean plates (Figures 1 and 3) (e.g., Fisher, 1961; Aubouin et 
al., 1982). The Cocos plate subducts underneath the North America 
and Caribbean plates along the trench, from the Cocos-Rivera-North 
America triple junction, at about longitude 104° W, to offshore Nicoya 
peninsula, Costa Rica (longitude 85° W) (Figure 1). It is still a matter 
of debate where the transition in overriding plate from North America 
to Caribbean plate takes place. Guzmán-Speziale and Zúñiga (2016) 
suggested that it is located at about longitude 96° W along the MAT, 
because this is where the nature of the trench changes: U-shaped, 
shallow, with a well-developed accretionary prism to the northwest, and 
V-shaped, deeper, with almost no accretionary prism to the southeast 
(Figure 3). Additionally, the subducted slab dips at a shallow angle to 
the northwest and at a deeper angle to the southeast (Figure 3). All 
these features are characteristic of what Uyeda (1982) calls a Chilean-
type subduction to the northwest, and a Mariana type subduction to 
the southeast of longitude 96° W. The Cocos plate outboard of the 
Middle America trench, also shows significant differences on both 
sides of longitude 96° W. First, this is approximately the site where 
the Tehuantepec ridge impinges the MAT (Figure 3). Second, ages of 
the Cocos plate on both sides of the ridge are different: 16 Myr to the 
northwest, and about 27 Myr to the southeast (Kanjorski, 2003; Manea 
et al., 2005a, 2005b). Couch and Woodcock (1981) examined free-air 

gravity data in the gulf of Tehuantepec area, and concluded that the 
Tehuantepec ridge is a boundary between two different subduction 
provinces.

The subducted Cocos plate
The Cocos plate is being subducted along the Middle America 

trench. From the study of its Wadati-Benioff zone (hypocenters of 
intermediate and deep earthquakes), it has been clear for some time 
that it does so at different angles northwest and southeast of longitude 
96° W (Figure 3) (e.g., Burbach et al., 1984; Bevis and Isacks, 1984; 
Pardo and Suárez, 1995; Guzmán-Speziale and Zúñiga, 2016, Hayes 
et al., 2018). The Cocos plate is subducted first at a rather steep angle 
(about 40° to 45°) underneath the North America plate, next to the 
plate boundary zone with the Rivera plate (longitude 104° W). The 
subducted slab then shoals to an almost flat subduction underneath 
the states of Guerrero and Oaxaca in southern Mexico (longitudes 
100° W to 96° W) (Figure 3). The subducted plate then deepens to 
a subduction angle of some 45°, at the gulf of Tehuantepec region. It 
continues subducting at roughly the same angle throughout Central 
America (Figure 3). Some authors (e.g., Pérez-Campos et al., 2008; 
Dougherty and Clayton, 2014; Castellanos et al., 2018; Carciumaru 
et al., 2020; Calò, 2021) proposed a tear, and not a smooth bending 
transition, from shallow to deep subduction, but so far there is no 
conclusive evidence supporting either a smooth transition or a tear.

The Central America forearc
This is a well-developed continental platform between the 

Central America volcanic arc (CAVA) and the Middle America trench 
(Figure 3) (e.g., LaFemina et al., 2009; Álvarez-Gómez et al., 2019). 
Although the CAVA ends at the Mexico-Guatemala border region, 
the forearc extends to the northwest, to the gulf of Tehuantepec 
(Figure 3). Northwest of the gulf, tectonic truncation has prevented 
the development of a continental platform (e.g., Morán-Zenteno et al., 
2018). It has been suggested that the forearc moves to the northwest at 
a rate of 5 to 16 mm/yr (e.g., DeMets, 2001; Turner et al., 2007; Franco 
et al., 2012; Ellis et al.,  2019; Garnier et al. 2021) either by oblique 
plate convergence (e.g., DeMets, 2001; Turner et al., 2007; Alvarado 
et al., 2011) or by indentation of the Cocos ridge (e.g., LaFemina et 
al., 2009), and along right-lateral faults along the volcanic arc, such 
as the Jalpatagua fault (Figure 2) (e.g., Wunderman and Rose, 1984; 
Gordon and Muehlberger, 1994; Authemayou et al., 2011; Garnier, 
2020; Garnier et al., 2021), and the El Salvador fault zone (e.g., Dewey 
et al., 2004; Corti et al., 2005; Staller et al., 2016; Martínez-Díaz et al., 
2021), among others.

In either case, the Central American volcanic arc (and its 
associated faults) would act as a plate boundary zone between the 
Caribbean plate and the Central America forearc sliver (e.g., Ellis et 
al., 2019) because the right-lateral faults located along it (e.g., Garnier 
et al., 2021; Martínez-Díaz et al., 2021) are seismically active. In fact, 
Lyon-Caen et al. (2006), Franco et al. (2012), and Ellis et al. (2019) 
consider the forearc a microplate.

SEISMICITY

We have gathered hypocentral information from the following 
catalogs: ISC-EHB (for the years 1964 to 2018) (Weston et al., 2018; 
Engdahl et al., 2020; International Seismological Centre, 2021) and the 
United States Geological Survey catalog (2019-2021). Information for 
historic earthquakes comes from the NGDC/WDS (National Geophysical 
Data Center) for the years 1523-1963, and the Centennial catalog of 
Engdahl and Villaseñor (2002), for events in the years 1900 to 1963. 
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earthquake. From the distribution of damaged towns and parishes, it 
is clear that the event ruptured the central part of the fault. But, at its 
western end, it seems that the rupture followed the Seleguá and Nentón 
river valleys, to the northwest of the Polochic fault trace (Figure 2). To 
the north of the Motagua-Polochic fault system, the Ixcán fault is also 
seismically active (Guzmán-Speziale, 2010), as is the Las Conchas fault 
(Figure 4a, 4c). And to the south of Motagua-Polochic, the Jocotán-
Chamelecón fault system is not active (Ferrari et al., 1994). 

The grabens of northern Central America show seismic activity 
(Guzmán-Speziale, 2001; Franco et al., 2009) (Figure 4a, 4c). The 
Guatemala City graben, the westernmost of the series, was activated 
during the 1976 Motagua earthquake (Langer and Bollinger, 1978). 
This graben may have also been the site of the earthquake sequence of 
1917-1918 which caused severe damages in Guatemala City (Morley, 
1918; Saville, 1918; Spinden, 1919); two of the events in the sequence 
reached magnitudes of more than 6.0 (4 January, 1918, M=6.1; 25 
January, 1918, M=6.2) (White and Harlow, 1993). Other grabens are 
also seismically active (Figure 4a, 4c) (Guzmán-Speziale, 2001), like 
the Jocotán graben (Franco et al., 2009; Guzmán-Speziale and Molina, 
2022). In historic times, there are some events probably related to 

Focal mechanisms were obtained from the Global Centroid-Moment-
Tensor (CMT) project (Dziewonski et al., 1981; Ekström et al., 2012). 
Data are presented in Figures 4, 5, and 6.

The North America-Caribbean plate boundary near the triple 
junction is seismically active (Figure 4a, 4c). The Swan Island fault 
zone has been the site of large earthquakes, such as the 4 August 
1856 (Magnitude 7 to 8) (Osiecki, 1981; Cox et al., 2008), 28 May, 
2009 event (Mw = 7.3) (Graham et al., 2012) or the 10 January, 2018 
earthquake (Mw=7.5) (Cheng and Wang, 2020). The Motagua and 
Polochic faults have experienced several large earthquakes in recent 
and historic times. The most significant earthquake along the Motagua 
fault is the one that took place on 4 February, 1976 (e.g., Plafker, 1976; 
Kanamori and Stewart, 1978; Langer and Bollinger, 1978; Young et al., 
1989; White and Harlow, 1993). Three historic earthquakes, in 1538 
(M = 6.5 to 7.5; exact date unknown) on 6 January, 1785 (M = 7.3 to 
7.5) and on 22 July 1816 (M = 7.5 to 7.7) occurred along the Polochic 
fault (White, 1984; 1985; Peraldo and Montero, 1999) (Figure 4c). In 
general, large earthquakes along either the Polochic or Motagua faults 
are not frequent (e.g., White, 1984). White (1985) examined historic 
documents and produced an isoseismal map for the 1816 Polcohic 

Figure 3. The subducted Cocos plate and the Middle America trench. a) Curves of equal depth, according to model Slab2 of Hayes et al. (2018). Magenta curves 
every 10 km, from 20 to 80 km. Orange curves every 50 km, from 100 to 300 km. MAT- Middle America trench. b) Zoom of the gulf of Tehuantepec area. Location 
of sections A-A’ and B-B’ (perpendicular to the Middle America trench) is shown. Triangles are volcanoes of the Central America volcanic arc. c) Section A-A’. 
d) Section B-B’.
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activity along the grabens, most notably the Santa Marta earthquakes, a 
series of earthquakes starting on 29 July, 1773 (the day of Saint Martha 
in the catholic calendar) which forced the relocation of the Captaincy 
General of Guatemala, from Santiago de los Caballeros (present-day 
Antigua Guatemala) to Guatemala City.

Seismic activity is also present in some of the tectonic provinces 
of Chiapas (Figure 4a, 4c). Some earthquakes have occurred in the 
Reverse-faults province, mainly on its southern end, next to the Ixcan 
fault (Figure 4a, 4c). The Strike-slip faults province also show some 
seismic activity (Figure 4a, 4c). Guzmán-Speziale and Meneses-Rocha 
(2020) found evidence that two large earthquakes may have occurred 

along one of these faults: 30 March, 1914 (M=7.5) and 5 February, 1954 
(M=6.2). Reported depths of these earthquakes in the literature (e.g., 
Figueroa, 1973; Engdahl and Villaseñor, 2002; NGDC, 2021) exceed 
100 km (in which case they would be intraplate earthquakes and 
not crustal events along the strike-slip faults), but Guzmán-Speziale 
and Meneses-Rocha (2020) argue that their epicenters are too far 
from epicenters within the subducted slab. Furthermore, they found 
newspaper accounts of damages in several towns for the 1954 event, 
which suggest a shallow source. There are other events in 1545, 1662, 
and 1878 probably related to activity along these faults (García-Acosta 
and Suárez-Reynoso, 1996).

Figure 4. Seismicity in the triple junction area. a. Shallow (z ≤ 50 km) earthquakes in the years 1964-2021. Larger, white symbols are events with magnitudes 7.0 
or greater. b. Intermediate-depth (50 < z ≤ 100 km) (orange) and deep (z > 100 km) (yellow) events, in the years 1964-2021. c. Historic (1523-1963) earthquakes. 
Larger symbols are events with magnitude 7.0 or greater. Events with a label for year are those reported as having a crustal depth. (See text for details).



197

The triple junction of the North America, Cocos, and Caribbean plates

RMCG	 |	 v.	 39	 |	 núm.	 2	 |	 www.rmcg.unam.mx	 |	 DOI: http://dx.doi.org/10.22201/cgeo.20072902e.2022.2.1666

Guzmán-Speziale and Meneses-Rocha (2020) argue that the 
great 23 September, 1902 earthquake (M=7.7) (Böse, 1903; Figueroa, 
1970, 1973), along with an earthquake in 1591 (M=7.2) (Peraldo and 
Montero, 1999), occurred along the Angostura fault. There is another 
earthquake in the historic record which is probably related to the 
Angostura fault, in 1743, for which White et al. (2004) assign a similar 
area of rupture as the 1902 event, and a magnitude of 7.4 to 8.2.

Guzmán-Speziale and Meneses Rocha (2020) report five shallow 
earthquakes (1912, M=7.0; 1925, M=7.1; 1942, M=6.8; 1943, M=6.0; 
1944, M=7.1) (Figure 4c), that might be associated to displacement 
along the Mapastepec or the Tonalá fault. The 1912 event is also 
reported in the catalogs we consulted in this work (Engdahl and 
Villaseñor, 2002; NGDC, 2021), together with two earthquakes, in 
1935 (M=7.2) and 1944 (M=7.1) close to the Mapastepec fault. In the 
original reference (cited by Guzmán-Speziale and Meneses Rocha, 
2020) the 1912, 1925, and 1944 events are reported as “shallow” or 
“crustal”. The depths reported for the 1942 and 1943 in the original 
sources, are 70 and 60 km, respectively. 

The other two tectonic provinces of Chiapas, the Batholith and the 
Chicomuselo anticline, do not appear to be seismically active (Figure 4a, 
4c). On the other hand, it is interesting to note that crustal seismicity 
west of longitude 96° W is practically non-existent (Figure 4a).

The convergent margin between the Cocos and the two other 
plates is seismically active: Interplate earthquakes occur and a well-
defined Wadati-Benioff zone is present. However, the area around 
longitude 96° W marks a significant change in seismic regime, once 
again in agreement with the two subduction types of Uyeda (1982): 
to the northwest, large interplate earthquakes take place (Figure 4a, 
4c), whereas to the southeast there is a well-documented seismic gap 
that spans from the gulf of Tehuantepec to the Mexico-Guatemala 
border region, and going back at least 200 years (Singh et al., 1981; 
Suárez, 2021). The largest documented earthquake in Mexico (M=8.6, 
28 March, 1787; Suárez and Albini, 2009) was probably an interplate 
event that occurred just northwest of Tehuantepec ridge, along the 
proposed Chilean-type regime, that even caused a tsunami. The 
change in seismicity also takes place within the subducted slab: to the 
northwest, hypocenters are not deeper than 100 km, whereas to the 
southeast, earthquake depths can reach 250–270 km (Figure 4b) (e.g., 
Guzmán-Speziale and Zúñiga, 2016).

Focal mechanisms from the Global Centroid-Moment-Tensor 
(CMT) Project (Dziewonski et al., 1981; Ekström et al., 2012) are 
in good agreement with their respective tectonic features (Figures 5 
and 6). According to the data, faulting is left-lateral, strike-slip along 
the North America-Caribbean plate boundary, Swan, Motagua, and 
Polochic fault zones (Figure 5). Right-lateral mechanisms are found 
along the Jalpatagua fault and faults in El Salvador (CAVA) (Figure 
5). Other strike-slip mechanisms for shallow events (z ≤ 50 km) are 
found in the gulf of Tehuantepec area, which are probably related to 
the Isthmus fault (Barrier et al., 1998) (Figure 2). West of 96° W, strike-
slip mechanisms for shallow (z ≤ 50 km) earthquakes probably cor-
respond to activity along the Chacalapa (or La Venta-Chacalapa) fault 
zone (Gaidzik et al., 2016; Kazachkina et al., 2019; 2020) (Figure 5). 

Thrust-faulting mechanisms for shallow events (z ≤ 50 km) show 
the expected interplate activity along the Cocos convergent margin 
(Figure 5b). Additionally, three such mechanisms are found at the 
southern end of the Reverse-faults province (Figure 5b). Crustal, 
normal-faulting activity is clearly present along the grabens of northern 
Central America, mostly with fault planes oriented in a general N-S 
direction (Figure 5c). Other shallow, normal-faulting solutions are 
found associated with initial bending of the Cocos plate, a common 
feature along subduction zones (e.g., Astiz et al., 1988; Beck and Ruff, 
1989) (Figure 5c). However, earthquakes of this type are not present 

west of longitude 96° W, probably as a consequence of the difference 
in the type of subduction (Uyeda, 1982). There are, on the other hand, 
shallow, normal-faulting events in the gulf of Tehuantepec and on 
land that deserve a closer investigation (Figure 5c). Strike-slip focal 
mechanisms for earthquakes deeper than 50 km show two areas of 
interest: offshore Guatemala and the Isthmus of Tehuantepec (Figure 
6a), probably associated to bending of the subducted Cocos plate (e.g., 
Pérez-Campos et al., 2008). The rest of the focal mechanisms, thrust- 
and normal-faulting (Figure 6), display the usual seismic activity related 
to the subducted slab (e.g., Burbach et al., 1984; Guzmán-Speziale and 
Zúñiga, 2016).

VOLCANISM

The Central America Volcanic Arc (CAVA) is a chain of active 
volcanoes in Central America, parallel to the Middle America trench 
(Figure 1). It consists of about 75 closely spaced basaltic to dacitic 
volcanoes, with documented Pleistocene or Holocene activity (e.g., 
Global Volcanism Program, 2013). The northwesternmost volcano of 
this chain is Tacaná, in the Mexico-Guatemala border region (Figure 
3b). To the northwest, the only active volcano between the CAVA 
and Trans-Mexican Volcanic belt (TMVB) is El Chichón (also called 
Chichonal), whose acticity spans from Pleistocene to recent (Figure 
3b) (e.g., Damon and Montesinos, 1978; Macias, 2005; Scolamacchia 
and Capra, 2015).

Between the Tacaná and Chichón volcanoes, there is a volcanic 
area called the Chiapanecan Volcanic Arc, which consists of a 150-
km long chain of about ten volcanic structures aligned NW-SE, and 
active during the Pleistocene (e.g., Damon and Montesinos, 1978; 
Manea and Manea, 2006; Mora et al., 2007; 2012) (Figure 3b). No 
large stratovolcanoes were developed, contrary to what happens to 
the southeast along the CAVA, or to the north-northwest along the 
Trans-Mexican Volcanic belt (TMVB) (Figure 1). Even considering the 
Chiapanecan arc, there is a substantial gap in recent and present-day 
volcanic activity in Chiapas.

The Trans-Mexican Volcanic Belt (TMVB) extends for about 1000 
to 1200 km, in an E-W orientation, overlying the subducted Rivera 
and Cocos plates (Figure 1). It is a volcanic belt of predominantly 
andesitic and dacitic rocks, spanning from middle Miocene to Holocene 
(Mooser, 1972; Nixon, 1982; Urrutia-Fucugauchi and Böhnel, 1988; 
Ferrari et al., 2012, Verma et al., 2020). Los Tuxtlas volcanic field (e.g., 
Robin and Tournon, 1978; Nelson et al., 1995; Ferrari et al., 2005) 
is the easternmost area of the TMVB. It differs from the rest of the 
volcanic arc in that it is an alkaline mafic volcanic field (Nelson et al., 
1995, Verma et al., 2020), as opposed to the andesitic-dacitic TMVB.

KINEMATICS OF THE REGION, BASED ON GPS

Most GPS sites in the triple junction area are located in Central 
America (Lyon-Caen et al., 2006; Turner et al., 2007; Correa-Mora et 
al., 2009; Rodriguez et al., 2009; Franco et al., 2012; Álvarez-Gómez 
et al., 2019; Ellis et al., 2019; Garnier et al., 2021). Lyon-Caen et al. 
(2006) used GPS measurements across the Polochic-Motagua fault 
system and found a far-field displacement of about 20 mm/yr, in good 
agreement with modern plate velocity models (DeMets et al., 2010). 
In the near field, they found that the slip rate along the Motagua 
fault decreases from east to west, from 20 mm/yr to 12 mm/yr. This 
8 mm/yr deficit, they argue, is accommodated by extension along the 
grabens of northern Central America (e.g., Guzmán-Speziale, 2001). 
They also found ~10 mm/yr of dextral slip along the Jalpatagua fault. 
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Rodríguez et al. (2009), found west to west-northwest displacement in 
Honduras and southern Guatemala, at an increasing rate (from east to 
west) from 3.3, to 4.1, to 11–12 mm/yr, which they interpret as motion 
along the grabens of northern Central America. Differential coupling 
along the Cocos-Caribbean plate boundary was found by Correa-
Mora et al. (2009) along the convergent boundary of El Salvador and 
Nicaragua. Turner et al. (2007), using campaign sites, determined a 
northwest translation of the forearc offshore Nicaragua of about 15 
mm/yr. Franco et al. (2012) find a predominance of the Motagua fault 
over the Polochic in the deformation of the North America-Caribbean 
plate boundary. Again, they find an east-west decrease in the GPS-

calculated displacement, from 18–22 mm/yr in eastern Guatemala, 
to 14–20 mm/yr in the center of the country, to “a few millimiters” 
in western Guatemala which, they suggest, means that the northwest 
corner of the Caribbean plate deforms internally at a rate of 9 mm/yr,
with 5 mm/yr of this being taken up along the Guatemala City graben 
alone. According to these authors, displacement along the Jalpatagua 
and El Salvador faults is in the order of 15 mm/yr. Finally, they found 
lateral variations of coupling along the MAT convergent boundary. 
High coupling takes place northwest of the Tacaná volcano and low 
coupling to the southeast. Finally, Ellis et al. (2019) find that 80 % of 
displacement along the Motagua-Polochic fault system takes place 
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Figure 5. Focal mechanisms for shallow (z ≤ 50 km) earthquakes, as reported by the Global Centroid-Moment-Tensor (CMT) Project, 1976 - 2021 
(Dziewonski et al., 1981; Ekström et al., 2012). a) Strike-slip events (plunge of B-axis ≥ 45°); b) Thrust-faulting earthquakes (plunge of T-axis ≥ 45°); 
c. Normal faulting events (plunge of P-axis ≥ 45°).
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along the former and 20 % along the latter. As previous authors, 
they find a westward decrease of slip rate, from 14 mm/yr in eastern 
Guatemala, to 9–10 mm/yr in central Guatemala, and less than 2 mm/yr 
in western Guatemala, west of the Guatemala City graben. They also 
find 13 mm/yr of east-west stretching along the grabens of northern 
Central America. Slip rates along the CAVA show a southeast-northwest 
decrease, from 12.5 mm/yr in Nicaragua, 10 mm/yr along the El 
Salvador fault system, and 7.6 mm/yr along the Jalpatagua fault in 
Guatemala. A change in locking along the MAT convergent boundary 
(moderate to high offshore southern Mexico, low offshore Guatemala) 
is also suggested in this study.

DISCUSSION

It is clear that the North America-Cocos-Caribbean triple junction 
is not a simple meeting point on the surface of the Earth, but rather 
an area of distributed deformation, located throughout Guatemala, 
the state of Chiapas, Mexico, and the Central America forearc. Even 
the Middle America trench shows evidence of differences at longitude 
96° W, possibly related to deformation of the triple junction. 

At the western terminus of the North America-Caribbean plate 
boundary zone there is no surface trace of the Motagua fault that would 
intersect the Middle America trench. In older works, authors used to 
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Figure 6. Focal mechanisms for intermediate-depth and deep (z > 50 km) earthquakes, as reported by the Global Centroid-Moment-Tensor (CMT) 
Project, 1976 - 2021 (Dziewonski et al., 1981; Ekström et al., 2012). a) Strike-slip events (plunge of B-axis ≥ 45°); b) Thrust-faulting earthquakes 
(plunge of T-axis ≥ 45°); c) Normal faulting events (plunge of P-axis ≥ 45°).
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depict the triple junction as a simple trench-trench-transform point 
(e.g., Plafker, 1976; Burkart and Self, 1985). To date, however, there is no 
evidence, direct or indirect, that the Motagua fault continues to the west 
of its known surface trace, underneath the Tertiary volcanic cover, or 
offshore and into the gulf of Tehuantepec (e.g., Sánchez-Barreda, 1981. 
The rupture process of the great 4 February, 1976 earthquake along 
the Motagua fault ruptured a 230-km-long segment of the fault, with 
a left-lateral displacement. But once displacement reached the western 
terminus of the fault, rupture continued perpendicular to the fault trace, 
along the Guatemala City graben, and as normal faults (Langer and 
Bollinger, 1978). Langer and Bollinger (1978) and Guzmán-Speziale 
et al. (1989) interpret this as evidence that the Motagua fault ends at 
its westernmost known surface.

The Polochic fault abuts against the Chiapas massif, at the 
Mexico-Guatemala border region, but it can be argued that its trace 
splays into two main segments, surrounding the Chiapas batholith 
(e.g., Muehlberger and Ritchie, 1975; Guzmán-Speziale and Meneses-
Rocha, 2020), the northern segment along the short (70–80 km long) 
Guerrero (San Pedro Necta) fault, and the southern segment into the 
Mapastepec and Tonalá faults. The northern segment has no known 
seismic activity, while evidence for present-day displacement along 
the strike-slip Tonalá or Mapastepec faults is not firm. Some or all of 
the documented earthquakes that could be ascribed to either fault, 
spanning from 1912 to 1944 (Guzmán-Speziale and Meneses-Rocha, 
2020) (see above), might be related to the subduction process, given 
the proximity to seismic sources of inter- and intraplate nature and the 
lack of accuracy in depth determination.

There is no firm indication that historic earthquakes along the 
Angostura fault did occur along this fault. According to the epicentral 
location, it is possible that these earthquakes could have originated 

within the subducted slab. The 1902 earthquake is probably the only 
historic event with enough evidence, in the form of isoseismal maps 
(Böse, 1903; Figueroa, 1973), that could correspond to faulting along 
the Angostura fault, although for Suárez (2021) this is a subduction 
event.

Seismicity along the Strike-slip faults province, on the other hand, 
is most probably of a crustal nature, because epicenters, although 
sometimes reported as deep, are far away from those related to 
subduction. By the same argument, seismicity along the Reverse-faults 
province must also be crustal.

Very conspicuous changes in the morphology of the MAT occur 
in the area of the gulf of Tehuantepec, at about longitude 96° W. 
These changes also correspond to changes in the dip of subduction 
of the Cocos plate and also to changes in the Cocos plate outboard 
of the trench. One possibility for these changes is the transition in 
overriding plate, from North America to the northwest, to Caribbean 
in the southeast (e.g., Guzmán-Speziale and Zúñiga, 2016). But it is 
also possible that the change in subduction geometry is a consequence 
of the presence and subduction of the Tehuantepc ridge, as has been 
proposed by Suárez (2000).

It has been suggested that the Central America forearc sliver acts 
as an independent platelet, moving to the northwest at 5 to 16 mm/yr 
(e.g., Lyon-Caen et al., 2006; LaFemina et al., 2009; Franco et al., 2012; 
Álvarez-Gómez et al., 2019; Ellis et al., 2019; Garnier et al., 2021). 
This conclusion comes essentially from GPS measurements in Central 
America. But the sliver as a physiographic entity, is continuous from 
offshore Costa Rica to the gulf of Tehuantepec (Figures 1 and 7). A 
contradiction arises from the fact that along the CAVA, documented 
motion, from earthquake focal mechanisms (e.g., Guzmán-Speziale et 
al., 2005) and GPS (Lyon-Caën et al., 2006; Franco et al., 2012; Álvarez-

Figure 7. Summary map of deformation in the triple junction area. Strike-slip faulting in yellow: A.- Angostura and Central Depression faults; J.- Jalpatagua 
fault; M.- Motagua fault; P.- Polochic fault; Ss.- Strike-slip faults province; T.- Tonalá fault. Extensional region in cyan: G.- Grabens of northern Central America; 
Compressional region in red: R.- Reverse-faults province. Forearcs in black: F.- Central America forearc sliver; X.- Xolapa forearc; arrows show direction of 
proposed slip. Other features: MAT.- Middle America Trench; Tr.- Tehuantepec ridge. Hachured pattern shows approximate region where change in dip of 
subduction takes place. Green arrow indicates approximately where characteristics in trench change. Question mark indicates an area of uncertain tectonic regime.
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Gómez et al., 2019; Ellis et al., 2019; Garnier et al., 2021) is right-lateral, 
while the northernmost forearc offshore southern Mexico, is flanked 
by the Tonalá fault, a left-lateral structure (García-Palomares, 1978; 
Authemayou et al., 2012; Molina-Garza et al., 2015). To complicate 
matters further, Kazachkina et al. (2019; 2020) suggest the presence of a 
Xolapa sliver, located northwest of the Central America forearc, parallel 
to the Middle America trench, and being displaced to the southeast 
along the 650-km long Chacalapa fault at a rate of 5.6 to 10 mm/yr 
(Kazachkina et al., 2019; 2020) (Figure 7). The role of these two forearc 
sliver in the tectonics of the triple junction is still an open question.

GPS results show that relative motion along both the Motagua and 
Polochic faults gradually decrease from east to west, which suggests 
that, indeed, the westernmost end of both faults are both locked to 
some extent and accumulating strain. Most of the deformation is being 
accommodated by the Motagua fault. The decreasing slip rates from 
east to west and the western termination of the faults could imply that 
the left-lateral motions are being transferred into other structures, such 
as the Reverse faults, the Strike-slip faults and even the Tonalá fault.

Figure 7 shows a summary of observed deformation in the triple 
junction area: left-lateral, strike-slip faulting along several of the fault 
systems, like the Motagua, Polochic and related faults (like the Ixcán), 
the Angostura fault area, Strike-slip faults province, and Tonalá fault; 
right-lateral faulting along the Jalpatagua fault; compression along the 
Reverse-faults province; extension in the grabens of northern Central 
America; northwest transport of the Central America forearc sliver; 
Southwest displacement of the Xolapa forearc. And finally, changes 
in the Cocos plate at longitude 96° W, both outboard of the Middle 
America trench and within the subducted slab.

Questions remain to be answered: 
•	 How is strain transferred from the left-lateral Motagua and Polochic 

faults to the Reverse faults and Strike-slip faults in southern Mexico? 
Guzmán-Speziale and Meneses-Rocha (2000) suggest that this 
happens as a fault step, but the actual mechanism of the step remains 
to be explained.

•	 How is strain transferred west of the Reverse- and Strike-slip faults 
provinces? Large deformation associated to the North America-
Caribbean plate boundary must be expressed somewhere but, the 
only apparent large structure is the Isthmus fault.

•	 Is the Isthmus fault active at present? Is it related to the triple 
junction?

•	 What is the role of the grabens of northern Central America? It is 
known that the grabens are part of a system of east-west extensive 
structures that extend from Jamaica to Guatemala (e.g., Mann 
and Burke, 1984), but, why does the extensive regime stops at the 
Guatemala City graben?

•	 The dip of the subducted Cocos plate changes at longitude 96° W. 
Is this change related to the triple junction?

•	 Is the Central America forearc a separate platelet?

CONCLUSIONS

The North America-Cocos-Caribbean plates triple junction is 
not a single point, but rather a zone of deformation encompassing 
the Motagua-Polochic fault system, the grabens of nortern Central 
America, Chiapas, Mexico, and the Central America forearc.

The North America-Caribbean plate boundary zone is defined 
by a system of transform faults, from the northeastern Caribbean to 
western Guatemala. Deformation of this plate boundary extends to the 
Reverse faults, Strike-slip faults, and Tonalá fault in southern Mexico, 
and to the grabens of northern Central America in Guatemala

The plate boundary between the Cocos and the other two plates is 
a convergent one, in which Cocos subducts underneath the other two 
along the Middle America trench. It is not clear where the transition in 
overriding plate from North America to Caribbean occurs. Significant 
changes take place along the Middle America trench in the gulf of 
Tehuantepec area. These changes are probably related to transition 
from North America to Caribbean plates. Finally, it is not clear what 
the role of the Central America and Xolapa forearc slivers is.
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