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ABSTRACT
Left-lateral motion along the North American–Caribbean plate boundary has juxta-

posed two high-pressure–low-temperature (HP-LT) belts from separate Cretaceous colli-
sions. These two belts have quite different ages and different suites of high-pressure as-
semblages, yet they both contain jadeitite, a relatively rare rock type. This part of the
plate boundary zone follows the Motagua River Valley in Guatemala, where it separates
the Maya block (North American plate) from the Chortı́s block (Caribbean plate). On
both sides of the bounding Motagua fault, tectonic slices of serpentinite-matrix mélange
host the HP-LT rocks. South of the fault, the mélange slices contain eclogite, lawsonite
eclogite, glaucophane eclogite, and blueschist blocks. North of the fault, the mélange slices
contain omphacite metabasite, albitite, and garnet amphibolite blocks, but lack intact
eclogite. In addition to the dissimilar rock assemblages, 40Ar/39Ar geochronology of phen-
gitic micas yields 77–65 Ma for northern and 125–113 Ma for southern blocks. These data
suggest that the southern belt formed during Early Cretaceous (Aptian), northeastward-
dipping subduction of the Farallon plate and collision of the Chortı́s block with western
Mexico. The block was then displaced southeastward along this suture. In contrast, the
northern belt records subduction related to the Maastrichtian collision of an extension of
the Chortı́s block, perhaps the Nicaraguan Rise, with the Maya block.
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INTRODUCTION
The tectonics and history of the boundary

between the North American and Caribbean
plates in Central America are critical compo-
nents for understanding the evolution of the
Caribbean plate (e.g., Pindell, 1994; Dixon et
al., 1998; Rogers et al., 2002). In Guatemala,
the boundary is a zone of anastomosing left-
lateral strike-slip faults that separate the Maya
block of the North American plate from the
Chortı́s block of the Caribbean plate, inclusive
of the Nicaraguan Rise (Figs. 1 and 2). The
three major strands of the boundary zone be-
tween the Caribbean plate and North Ameri-
can plate are, from north to south, (1) the
Polochı́c-Chixoy fault; (2) the Motagua (San
Agustı́n and Cabañas)-Jubuco-Cuyamel fault;
and (3) the Jocotán-Chamelecón fault (Fig. 1).
Many serpentinite bodies are exposed along
the Polochı́c and Motagua faults. Stratigraphic
evidence suggests that some of these are parts
of a dismembered ophiolite of Cretaceous age
(Donnelly et al., 1990).

For 20 km on either side of the central Mo-

tagua River Valley, high-pressure–low-
temperature (HP-LT) rocks occur in fault slic-
es between the Chortı́s and Maya blocks.
About half the slices are serpentinite bodies,
assigned by some to an ophiolite complex
called the El Tambor Group (e.g., McBirney,
1963; Donnelly et al., 1990; Beccaluva et al.,
1995). Others point out that all these bodies
have faulted contacts, which may indicate slic-
es of deep isolated peridotite (McBirney and
Bass, 1969). Some of the serpentinite bodies
contain jadeitite blocks. Jadeitite is a rare HP-
LT metamorphic rock that is globally associ-
ated with serpentinite (Harlow, 1994; Harlow
and Sorensen, 2001). Jadeitite has been known
from north of the Motagua (locally, Cabañas)
fault for more than 40 yr (Foshag and Leslie,
1955; McBirney et al., 1967; Harlow, 1994).
In addition, eclogite cobbles have been de-
scribed from the Rı́o El Tambor, a north-
flowing tributary to the Motagua River that
drains serpentinites south of the Motagua fault
(McBirney et al., 1967; McBirney and Bass,
1969; Smith and Gendron, 1997). Recent ex-

ploration for jade has yielded jadeitite in other
serpentinite bodies, both north and south of
the Motagua fault. Serpentinites south of the
Motagua fault contain eclogite, glaucophane
eclogite, blueschist, and lawsonite eclogite, as
well as jadeite 1 pumpellyite, jadeite 1
quartz 6 rutile, jadeite 1 lawsonite, and law-
sonite 1 omphacite 1 quartz rocks. The areal
distribution of jadeitites, omphacite metabas-
ites, garnet amphibolites (some appear to pre-
serve eclogite garnet), albitites, and related
rocks north of the fault is much larger than
previously recognized.

The age relationships of blocks are poorly
constrained to unknown. However, phengitic
muscovite is present in many of the HP-LT
mineral assemblages. Therefore, 40Ar/39Ar
geochronology was employed to determine
the exhumation and crystallization ages of
various rock types on both sides of the Mo-
tagua fault. Clusters of different mica ages for
jadeitites and associated HP-LT rocks appear
north and south of the Motagua fault zone. In
this paper we discuss the origin and emplace-
ment of the HP-LT rocks and revise the tec-
tonic history of the North American–
Caribbean plate boundary zone.

SAMPLES
Mica was separated from 13 rock samples

(Table 1), 6 north and 7 south of the Motagua
fault. Petrography and microprobe analyses
(Table DR11) indicate that the micas are un-
altered; however, several display late over-
growths of Ba-rich mica (Harlow, 1995).
Samples chosen for 40Ar/39Ar analyses gen-
erally had small volume percentages of such
overgrowths. All but one sample consisted
of phengitic muscovite; one was an inter-
growth of paragonite and preiswerkite

1GSA Data Repository item 2004002, Table
DR1, mica compositions, and Table DR2, Ar-Ar
geochronologic data, is available online at
www.geosociety.org/pubs/ft2004.htm, or on request
from editing@geosociety.org or Documents Secre-
tary, GSA, P.O. Box 9140, Boulder, CO 80301-
9140, USA.



18 GEOLOGY, January 2004

Figure 1. Tectonic map of northwestern Caribbean. Major faults in Guatemala are P—
Polochı́c, M—Motagua, and J—Jocotán. Dark gray—serpentinites that may contain
high-pressure–low-temperature rocks in Guatemala, Cuba, and Jamaica. Cross-ha-
chured pattern—high-pressure suite of Escambray complex, Cuba (E). Geochrono-
logic data are from Draper (1986), Millán (1988), Hatten (1989), Grafe et al. (2001),
Garcia-Casco et al. (2002), Maresch et al. (2003), and this paper.

Figure 2. Map of central Motagua Valley showing selected jadeitite and eclogite lo-
calities (adapted from Burkart, 1994). This map shows additional localities beyond
those discussed in this paper.

[Na2(Mg,Fe)4Al2Si4Al4O20(OH)4]. The latter
mineral contained enough Ar for 40Ar/39Ar
analyses, but appears to yield a problematic
age (see following).

DATING TECHNIQUE
Samples were co-irradiated with the sani-

dine monitor standards Fish Canyon (27.84
Ma, Cebula et al., 1986) and Cima tuff (18.76
Ma, B. Turrin, 2003, personal commun.) in the
Cd-lined in-core facility (CLICIT) of the
Oregon State University reactor and then an-
alyzed in the Ar geochronology laboratory at
Lamont-Doherty Earth Observatory. Most
samples were step heated with a CO2 laser;
one was step heated with a furnace. Ages were
calculated from Ar isotope ratios corrected for
mass discrimination, interfering nuclear reac-
tions, procedural blanks, and atmospheric Ar
contamination (Table DR2; see footnote 1).

Sample MVE02–2-5, which consists of par-

agonite 1 preiswerkite, yields a different age
than the other samples. Dahl (1996) showed
that trioctahedral OH-bearing mica (such as
biotite) tends to yield a younger 40Ar/39Ar age
than dioctahedral mica (such as muscovite).
Data comparing paragonite and phengite re-
tention are not abundant, but the two should
behave similarly, because they are both dioc-
tahedral micas. In contrast, preiswerkite, a
trioctahedral mica like biotite, may not retain
Ar as well as dioctahedral micas. Because the
age for MVE02-2-5 differs so greatly from the
other data, it was excluded from the final data
set, and although the effect of paragonite con-
tent upon Ar retention is unknown, the datum
for MVJ84-37-1 is included.

RESULTS
The mica ages of HP-LT rocks correlate

with geography: they are 77–65 Ma north of
the Motagua fault zone and 125–113 Ma south

of it. Our results for north of the Motagua
fault zone are similar to previous K-Ar and
Ar/Ar results (Bertrand et al., 1978; Sutter,
1979). The 40Ar/39Ar mica ages either record
closure, when mica-bearing rocks were last at
;300 8C, or crystallization, if the micas are
part of a low-temperature mineral assemblage.
The crystallization temperatures of jadeitite
and albitite are 300–400 8C (Harlow, 1994).
Consequently, 40Ar/39Ar mica ages for jade-
itite and albitite samples likely reflect rock-
crystallization ages. In contrast, the phengite
in eclogites reflects late fluid infiltration, rather
than metamorphism at temperatures of ;350–
500 8C recorded by garnet-clinopyroxene Mg-
Fe exchange thermometry (Krogh-Ravna,
2000; Powell, 1985; Ellis and Green, 1979).
The range of ages in each group of HP-LT
rocks (i.e., north vs. south of the Motagua
fault) is less than the differences between the
two areas. Also, the difference between rock
types in several locations is very small. It thus
seems likely that each age cluster reflects the
time of blueschist facies metamorphism in
each area.

TECTONIC MODEL FOR THE
EXHUMATION OF THE HP-LT ROCKS

On both sides of the Motagua fault in Gua-
temala, small bodies of jadeitite and eclogite
occur together in serpentinite-matrix mélange.
Because jadeitites primarily crystallize from
Na-Al-Si–rich fluids flowing within serpentin-
ite (Sorensen and Harlow 1999; Harlow and
Sorensen, 2001), and blueschist facies retro-
grade metasomatism is pervasive in eclogite,
at least some serpentinization took place at
considerable depth within the parental paleo-
subduction zones. Ductile deformation struc-
tures related to the exhumation are synchro-
nous with greenschist facies metamorphic
isoclinal and similar-type folds, cleavages, and
stretching lineations. In Guatemala, such fold
axes and lineations (collectively, flow lines)
are parallel to the plate boundary. Brittle de-
formation structures in Guatemala are primar-
ily thrust and strike-slip faults parallel to the
present plate boundary. Thrust faults are
south-dipping north of the Motagua fault and
north-dipping south of the fault.

Exhumation of HP-LT rocks may result
from (1) buoyancy forces (Ernst, 1988), (2)
low-angle, plate-boundary-parallel normal
faulting (Platt, 1986), (3) formation of mega-
scopic flower structures (Donnelly et al.,
1990; Beccaluva et al., 1995), and (4) thrust-
ing and subsequent back thrusting (typical for
many orogenic belts), or a combination of the
above. All these models have merit, and may
apply to other areas, but none is completely
consistent with the observed structure, petrol-
ogy, and age dates in central Guatemala.
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TABLE 1. SUMMARY OF MICAS AND GEOCHRONOLOGY

Sample Rock type Location Micas* No.† Age§

(Ma)

North of the Motagua fault
AMNH33399 Jadeitite Manzanal ph 2 75
MVJ84-3-2 Albitite Manzanal ph 1 76
MVJ84-29-1 Mica-albite rock Usumatlán ph/phl 3 71
MVJ84-37-1 Mica rock Rı́o Hondo ph/pg 4 65
MVE02-2-5 Jadeitite Panaluya pg1prs 1 53
01GSn6-2a Mica-albite rock Sierra de las Minas ph 1 77

South of the Motagua fault
JJE01-3-2 Phengite jadeitite Quebrada El Silencio ph/phl 4 119
JJE01-3-4 Jadeite whiteschist Quebrada El Silencio ph 2 116
JJE01-3-5 Eclogite/blueschist Quebrada El Silencio ph 2 120
JJE01-6-1 Phengite jadeitite Rı́o La Puerta ph 4 125
JJE01-X-3 Jadeitite Near El Rosario ph 3 120
01GSn2-3 Altered eclogite Rı́o El Tambor ph 2 120
01GSn2-6 Altered eclogite Rı́o El Tambor ph 2 113

*Mica: pg—paragonite, ph—phengite, phl—phlogopite, prs—preiswerkite.
†Number of Ar extractions.
§Integrated age.

Figure 3. Tectonic history of Chortı́s and
Maya blocks, modified from Pindell (1994).
A: Ca. 120 Ma, northeast-directed subduc-
tion (line with black teeth) caused Chortı́s
block (diagonally ruled area) to collide with
Mexico; high-pressure–low-temperature
(HP-LT) rocks were exhumed (shaded rect-
angle); new northeast-directed subduction
zone formed outboard (line with white teeth).
Heavy arrow shows plate motion from En-
gebretson et al. (1985), and lighter arrows in-
dicate relative amounts of displacement par-
titioning. B: Between 120 and 70 Ma,
subduction polarity around Caribbean
switched and Chortı́s migrated southeast-
ward and started to rotate counterclockwise.
Ca. 70 Ma, south-directed subduction zone
became choked, and upper plate was thrust
over Maya block, as HP-LT rocks were ex-
humed (cross-hachured rectangle). C: Be-
tween 70 Ma and present, Chortı́s block mi-
grated ~1100 km east, juxtaposing two
HP-LT belts. NR—Nicaraguan Rise. Adapted
from Pindell (2003, personal commun.).

Therefore, we have devised a complex three-
stage model. First, postcollision buoyancy
forces caused the HP-LT rocks to ascend to
the mantle-crust boundary. Second, orogen-
parallel stretching occurred due to oblique
convergence and displacement partitioning,
causing these rocks to ascend to even shallow-
er levels (Avé Lallemant and Guth, 1990). The
last stage consists of thrusting perpendicular
to the boundary and erosion that ultimately
results in exposure.

The close juxtaposition of two HP-LT ter-
ranes of similar metamorphic histories and
protolith assemblages but of different ages is
a remarkable and perhaps globally unique fea-
ture of the northern Caribbean plate boundary.
Based on the new 40Ar/39Ar ages and struc-
tures presented here and on maps published
by the Guatemalan government, theses from
various universities, unpublished geological
maps (T.W. Donnelly, 1990, personal com-
mun.), and reconnaissance geological obser-
vations made between 2001 and 2003, we pre-
sent a modification of Pindell’s (1994)
tectonic model for the Chortı́s and Maya
blocks (Fig. 3).

From ca. 160 Ma to 120 Ma, the Chortı́s
block moved southeastward and the seafloor
subducted along a northeast-dipping subduc-
tion zone off western Mexico. The block col-
lided with Mexico ca. 120 Ma, and caused
subduction to cease. The HP-LT metamorphic
rocks were exhumed according to the three-
stage scheme described herein. A new sub-
duction zone, into which the Farallon plate
was subducted, formed outboard of the Chor-
tı́s block. Convergence was strongly left
oblique, and the Chortı́s block was displaced
to the southeast along a left-lateral strike-
slip fault zone, perhaps the old subduction-
collision zone (Fig 3A).

Plate motions were reorganized ca. 110 Ma
(Engebretson et al., 1985; Pindell, 1994).

Northeast-dipping subduction changed to
southwest-dipping subduction, and the Faral-
lon plate with the fringing ‘‘Great Arc of the
Caribbean’’ (Burke, 1988) started moving to
the northeast. Between 110 and 70 Ma, the
Atlantic (North American) plate was subduct-
ing to the southwest beneath the Farallon-
Caribbean plate. The Chortı́s block and the
Nicaraguan Rise collided with the Maya block
ca. 70 Ma. Subduction was choked and the
second HP-LT belt was exhumed (Fig. 3B). At
this time the Sierra de Santa Cruz ophiolite in
Guatemala and Siuna ophiolite in Nicaragua
were emplaced (Rosenfeld, 1981; Rogers,
2003). From ca. 70 Ma to the present, the
Chortı́s block moved to the northeast along
the left-lateral Motagua Valley plate bound-
ary, which juxtaposed the HP-LT metamor-
phic rocks (shaded and cross-hachured rect-
angles; Fig. 3C). In our model the Chortı́s
block rotated ;508 counterclockwise, some-
what earlier than paleomagnetic studies sug-
gest (Gose, 1985; Emling et al., 2001). The
plate boundary zone is curved, creating a re-
straining bend. This, in turn, may have caused
the high mountains to form (Mann and Gor-
don, 1996), and created rapid erosion and ex-
posure of the HP-LT blocks.

CONCLUSIONS
Two serpentinite-matrix mélanges, both of

which contain HP-LT blocks (including jade-
itite, which is rare on Earth), are exposed in
the Caribbean plate–North American plate
boundary zone in Guatemala. One is within
the Chortı́s block, south of the Motagua fault
zone, and the other is within the Maya block,
north of the fault zone. Lithologic assemblag-
es and 40Ar/39Ar ages are distinct, suggesting
that the two represent discrete terranes. The
rocks appear to record two subduction-
collision events (one in Aptian and the other
in Maastrichtian time) and amalgamation via

the movement of the Chortı́s block from west
to east during the inception of the northern
Caribbean plate boundary.
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