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ABSTRACT

Field and petrologic characteristics of two new eclogite localities within the Guatemala Suture
Complex (GSC) north of the Motagua Fault are presented. The Tuncaj Hill locality exposes a coherent
body of retrogressed eclogite hundreds of metres long that is associated with serpentinite of the
North Motagua Unit. The Tanilar River locality exposes numerous bands and lenses of eclogite
hosted in sialic gneisses of the Chuacis Complex. The Tuncaj eclogite has a two-stage prograde
evolution containing the peak assemblage Grt + Omp + Ttn + Czo + Zo + Am, formed at
temperatures <720°C. In contrast, eclogites of the Tanilar unit are characterized by the paragenesis
Omp + Grt + Rt £ Phg + Qtz + Ep giving higher peak conditions of T = 720-830°C and P = 2.1-2.7
GPa, near the stability field of coesite. Previously obtained data and our thermobaric calculations
suggest distinct petrotectonic evolutions for the various types of eclogites within the suture. The
lawsonite eclogites south of the Motagua Fault were probably produced in a mature Farallon
subduction zone during the Early Cretaceous. The northern high-pressure (HP) blocks in serpentinite
mélange and coherent amphibolite bodies with eclogite relics were generated by the Early
Cretaceous subduction of the proto-Caribbean lithosphere under the Great Caribbean Arc. A
continental block, the North American passive margin, reached the arc’s trench in the Campanian
and was subducted to ca. 80 km depth, producing the eclogites of the Chuacis Complex. As the
slab was delaminated and partially exhumed, the continental Chuacis became tectonically juxta-
posed with HP blocks of the proto-Caribbean that had been accreted to the Caribbean plate
forming the North Motagua Unit. The juxtaposed group migrated to mid-crustal level and was
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contemporaneously retrogressed under epidote-amphibolite facies conditions.

1. Introduction

Unravelling the complex evolution of the Caribbean-
North America plate boundary requires understanding
the fossil subduction and collision zones preserved in
the various sutures that occur throughout this tectonic
boundary (Figure 1(a)). Of these, the Guatemala Suture
Complex (GSC) is particularly significant because it
comprises not one, but several juxtaposed high-pres-
sure (HP) metamorphic belts that record the subduc-
tion of both oceanic and continental lithospheres
throughout the Cretaceous. The GSC includes two par-
allel but distinct serpentine-matrix eclogitic mélanges
(South and North Motagua; e.g. Beccaluva et al. 1995;
Harlow et al. 2004; Tsujimori et al. 2005, 2006a;
Brueckner et al. 2009) separated by the Motagua
Fault, an active left-lateral fault that constitutes the
current boundary between the North American and

the Caribbean plates in Central America (e.g. Plafker
1976; Figure 1(b)). North of this fault, a third HP belt
occurs, which is characterized by eclogites hosted in
sialic gneisses of the Chuactis Complex (van den Boom
1972; Ortega-Gutiérrez et al. 2004; Ratschbacher et al.
2009; Martens et al. 2012).

The petrologic characteristics of the southernmost HP
belt are well studied (e.g. Harlow et al. 2003; Tsujimori et al.
2005, 2006a). The belt includes eclogite, blueschist, and
metasedimentary rocks characterized by lawsonite-bearing
assemblages that record a very cold palaesogeotherm of ca.
5-7 km/°C near forbidden-zone P-T conditions (Tsujimori
et al. 2006a, 2006b). In contrast, the mode of occurrence,
microstructure, mineral chemistry, and P-T estimates of
serpentinite- and gneiss-hosted eclogites north of the
Motagua Fault have not been as thoroughly investigated.
Furthermore, the tectonic processes responsible for
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juxtaposing the distinct HP belts remain enigmatic (e.g.
Pindell et al. 2011).

We present a detailed investigation of gneiss-hosted
continental eclogites and mappable oceanic amphibolites
with eclogite relics in the Sierra de Chuacus of Central
Guatemala, north of the Motagua Fault (Figure 1). We
describe their field characteristics, parageneses, mineral
compositions, and P-T estimates of metamorphism.
Based on these data and available geochronologic data,
we propose a model that accounts for the juxtaposition of
gneiss-hosted eclogites with serpentinite mélange and
mappable bodies of eclogite retrogressed to amphibolite
in the Sierra de Chuacus, north of the Motagua Fault.
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2. Regional setting

The current left-lateral displacement between the North
America and Caribbean plates in Central America
(Figure 1(a)) is accommodated by a series of E-W-trend-
ing faults located in the region between the Polochic
Valley in Guatemala and the Jocotén Valley in Honduras
(e.g. Schwartz et al. 1979; Guzman-Speziale et al. 1989;
Figure 1(b)). These faults and shear zones were pro-
duced by the oblique Late Cretaceous collision of the
Great Caribbean Arc with the passive margin of North
America, and the subsequent left-lateral migration of
terranes (e.g. the Chortis Block) from Mexico’s Pacific
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Figure 1. (a) Tectonic outline of the North America-Caribbean plate boundary showing the location of the main suture zones,
ophiolites, and HP localities. Numbers adjacent to HP locality abbreviations are the age of the HP event in Ma (Baumgartner et al.
2008; Krebs et al. 2008; Stanek et al. 2009; Blanco-Quintero et al. 2011). (b) Simplified geologic map of Central Guatemala and
Northern Honduras showing the main metamorphic units comprising the Guatemala Suture Complex and the main faults at the

plate boundary. Modified from Bonis et al. (1970).
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to their current position in Central America (e.g. Pindell S o -
et al. 1988; Keppie and Moran-Zenteno 2005). The colli- §_ £ 2
sion and the displacement of the Chortis Block pro- § = d; 72
duced a complex array of fault-bounded, E-W-trending E Eg; g g )
tectonic slivers containing serpentinite, serpentinite < - = E; o ; gé
mélange, amphibolite, metasedimentary mélange, § § . ig §§§ g 25 . E
ophiolites, possibly pieces of island arcs, mantle harz- oS 'g g ‘géé ;‘g g = & % < &
burgite, and sialic gneisses that host eclogites (see * % = Eg%‘:& 2 §§ §§§
reviews by Donnelly et al. 1990; Martens et al. 2007). g S 278 2 3 & 2%¢%
We refer to this array of geologic units as the GSC 5
although the names Motagua Suture Zone and 5 E
Guatemala Suture Zone have also been used (e.g. ?El ~ é’
Bertrand and Vuagnat 1975; Beccaluva et al. 1995; § § £ .
Brueckner et al. 2009; Ratschbacher et al. 2009). Three S g 2 §
main units that contain HP rocks have been recognized gle g5 o g
in the suture complex (Figure 1(b)): the South Motagua < % ggﬁ: g ;
emplaced onto the continental basement of the E ; °§-1+j' 5 é
Caribbean Plate (Chortis Block), the North Motagua T 2 § EE Jg,', S <
emplaced onto the continental basement of the North 2 § §’ 2 gf -é 2 %
American Plate (Maya Block), and the Chuacus Complex é by § E § & E :3 'g
(van den Boom et al. 1971; Ortega-Gutiérrez et al. 2004), gle o2 %; VR - S
which is the continental basement of the Maya Block 32 B 529 7 § 2 %gé
(Dengo 1969) and represents the southernmost part of 3 § ‘§ § Ei E g ‘2 é g ;,xg %
the North American Plate (Donnelly et al. 1990). A min- E— e ve = Z 2 owoe =
ority of authors have questioned the autochthony of the S|E g
Chuacis Complex and they consider it a continental s §§ = 3
suspect terrane (e.g. Ortega-Gutiérrez et al. 2007). § g g g % '? §
HEE 2% 8
) £18= 35 £ 3 2
2.1. South Motagua Unit gl5s £7 £ 2 £ 9
- . . 5|52 Sge & s & o o
The South Motagua Unit (Figure 1(b)) includes serpenti- 2|€ 8 L2 % % g g % § %g z
nite, serpentinite mélange, low-grade metasediments, ol e e ‘s g‘gc: ? IN g _g adg
metasedimentary mélange, mylonitized gabbro and é S S£°% ¢ L 8 5 8828
diorite, low-grade pillow lava, greenstone, chert, blues- % £ 2
chist, jadeitite, amphibolite, and eclogite (Bertrand and = § 2 S c +tnE2s2 g
Vuagnat 1975, 1976, 1977, 1980; Beccaluva et al. 1995; S22 2 g 092 &
Giunta et al. 2002; Harlow et al. 2003). A key locality is £ 5 é 5 2 29 é-% @z g’ "E! =g
Carrizal Grande (Figure 1(b)), ca.12 km south of the o g2 E £ g §‘§‘i£‘§; T,' g § ge 8
Motagua Fault, where a large number of loose blocks jc: -§- E gg g E & + X & E_ ;E 2 32 El”rf
(<10 m) of lawsonite eclogite and other HP rocks are E - N E & o
exposed in the gorge of creeks (Tsujimori et al. 2005, £ E Cj e g §
2006a). Some eclogite blocks contain bands of Grt + Qtz 5 gé 5. H _g'; E_
+ Mca schist (mineral abbreviations from Siivola and o gg E.g z gé; :Ii“, 2
Schmidt 2007), suggesting that the protolith was a = ;g 58 S~ @EGE L&, s
mixture of mafic rocks and semipelagic sediments. “qi §=|¢ g g ‘g S £ % ;g é s 2282
Serpentinite associated with eclogitic blocks is com- % § Eggg ;E) + g + X % §3 g} 5'81
posed of schistose, friable antigorite. it "

The petrologic and microstructural features of lawso- ,g o u‘s% ;ﬁ: _g
nite eclogites indicate three stages of metamorphism. The 3 2 & g Bcs va §
prograde stage is characterized by Grt + Omp/Jd + Lws + § % g g § § 2 & 5 2 q% é § é ;
Chl + Rt + Qtz + Phg, recording an eclogite-facies path - g ;E =<8 gf ggf— =& s
from T = 300°C and P > 1.1 GPa to T =~ 480°C and P =~ 2.6 2 S 28 Eéxfs 5Py ga¢
GPa (Table 1). Such conditions reflect a very low = ¥ FO 2 o o = < <<4F
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geotherm of ca. 5°C/km. Early retrogression conditions of
T = 400°C, P = 1.8 GPa formed an eclogite assemblage
including Grt + Omp + Phg. Finally, a late blueschist-facies
overprint is characterized by the assemblage GIn + Lws +
Chl + Ttn + Qtz = Phg (Tsujimori et al. 2005, 2006a).

2.2. North Motagua Unit

The North Motagua Unit occurs north of the Motagua
Fault (e.g. Giunta et al. 2002; Figure 1(b)) and is char-
acterized by antigorite schist with minor metre-scale
blocks of garnet amphibolite with relict omphacite,
jadeitite, omphacite-taramite rock, omphacitite, epidote
eclogite, and blueschist (Harlow 1994). Associated with
these are garnet amphibolite bodies that are coherent
and sufficiently large to be mapped at 1:125,000 scale
(van den Boom et al. 1971; Bonis 1993; Figure 2). One
such body is exposed at Tuncaj Hill, a hitherto unde-
scribed locality where eclogite relics in amphibolite are
well preserved.

One metre-scale block of serpentinite-hosted eclogite
north of the Motagua Fault contains the peak assem-
blage Grt + Omp (Jd3o_51Augss_ssAegd.s) + Zo + Phg
(3.5 Si apfu) + Pg + Rt + Qtz (Tsujimori et al. 2004).
Garnet porphyroblasts display two discontinuous growth
zones; the garnet cores (Almyes5,Grs;s.31Prpr1g26SPS<a)
contain inclusions of Omp + Rt, whereas the garnet

rims are less magnesian (Almys_s3Grsy7_31Prpq14_205PS<4)
and contain inclusions of Hbl + Ttn. Thermobarometric
calculations indicate that northern Motagua eclogites
equilibrated at T = 600-650°C and P = 2.0-23 GPa
(Tsujimori et al. 2004; Table 1), recording a higher
geothermal gradient when compared with eclogites
south of the fault. A retrogression assemblage including
amphibole and albite partially replaced eclogite-facies
assemblages.

2.3. The Chuacus Complex

Ortega-Gutiérrez et al. (2004) recognized that eclogites
of the GSC not only are hosted in serpentinites as
described above, but also occur as bands and lenses
variably retrogressed to amphibolite enclosed in high-
grade quartzofeldspathic gneisses of the Chuacus
Complex (Figures 1 and 2).

The Chuaclds Complex is an E-W-elongated meta-
morphic belt north of the Motagua Fault characterized
by Chl-bearing assemblages in the north and by Bt + Grt-
bearing assemblages in the south (Figure 1(b); van den
Boom 1972). The highlands of the Sierra de Chuacus are
dominated by ortho- and paragneisses containing Qtz +
Ab/Olig + Wmca + Ep/Zo + Grt £ Bt £ Ttn + Rt + Am +
Chl + Omp + Cld + Cal + Aln. Other rock types include
amphibolites with relict eclogite-facies minerals, pelitic
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gneisses bearing Ky + Cld + St, and calcsilicates bearing
Trm + Ttn + Wmca + Ol (van den Boom 1972; Ortega-
Gutiérrez et al. 2004). The predominant assemblages
suggest epidote-amphibolite facies conditions of
P = 0.65-0.8 GPa and T = 450-600°C, but the mineral
chemistry of relict eclogite-facies assemblages in mafic
protoliths indicates near ultra-high pressure conditions of
P = 2.0-2.4 GPa and T = 600-750°C (Ratschbacher et al.
2009; Martens et al. 2012; Table 1).

A further useful subdivision of the Chuactis Complex
is based on the complexity of the ductile structures. The
rocks characterized by a single dominant foliation and
simple folding constitute the Tanilar unit, which is best
exposed along the gorges of the Tanilar and Agua
Caliente rivers (Figure 2 and Figure 3(a)). The Tanilar
unit is chiefly composed of orthogneisses, metapelites,
two-mica gneisses, marble, and metamafic bands and
boudins. Rocks characterized by complexly refolded
leucocratic and melanocratic bands constitute the El

Figure 3. Field photographs showing the main outcrop-scale
structural features of the Chuactis Complex. (a) Banded gneiss
of the Tanilar unit showing one dominant foliation. (b)
Complexly folded banded polymetamorphic gneisses of the El
Chol Unit.
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Chol unit, which is composed of banded amphibolites
with eclogite relics and various generations of metagra-
nites, such as variably deformed pegmatites and leuco-
somes (Figure 3(b)).

2.4. The Baja Verapaz Shear Zone (BVSZ) and its
significance

Ortega-Obregdn (2005) defined a kilometre-scale shear
zone in the Rabinal-Salamé area, whose extent coin-
cides with the chlorite zone of the Chuactus Complex
defined by van den Boom (1972; Figure 2). In our view,
both authors are correct as the recognized area is both
a zone characterized by chlorite and a region of defor-
mation under greenschist-facies conditions involving
various igneous and sedimentary protoliths. The same
unit is named the Achi terrane by Ortega-Gutiérrez
et al. (2007) and the Rabinal complex by
Ratschbacher et al. (2009). Deformation was very het-
erogeneous, ranging from relatively undeformed out-
crops, where pre-deformation contacts are preserved,
to zones of mylonite and ultramylonite.

In subsequent articles, the BVSZ was reinterpreted to
be a discrete reverse fault instead of a shear zone up to
12 km wide. Furthermore, the discrete fault was pro-
posed to be a major terrane boundary (Ortega-Gutiérrez
et al. 2007; Ortega-Obregdn et al. 2008). Our field obser-
vations are consistent with the original definition of the
BVSZ, but we could not find the proposed discrete,
brittle fault of regional extent. Indeed, the kilometre-
wide shear zone juxtaposes nearly-unmetamorphosed
rocks on its northern fringe with amphibolite-facies
rocks some 10 km on the south (Figure 2; Ortega-
Obregén 2005). We interpret the zone as juxtaposing
disparate structural levels of North American crust and
not as a far-travelled tectonostratigraphic terrane.

The eclogites are restricted to the southern portion
of the Chuacis and progressively lower-grade rocks
occur towards the north, culminating in the chlorite
zone at the northern boundary. Evidence for relatively
high P is present at all metamorphic grades. In the
south the gneisses bear eclogite; further north pelitic
schist contains Grt + Cld devoid of Bt; in the chlorite
zone (or the BVSZ) white mica is phengite with Si = 3.3-
3.4 apfu (Solari et al. 2013; Table 1).

3. Available geochronology of the HP
metamorphic events

There is a sharp contrast in the age of eclogites among
the various HP belts recognized in the GSC (Table 1). Sm-
Nd mineral isochrons from South Motagua eclogites
yielded ages of 131.7 £ 1.7 and 132.0 £ 4.6 Ma, which
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are analogous to the 130.7 £ 6.3 Ma isochron from ser-
pentinite-hosted eclogite sampled north of the fault
(Brueckner et al. 2009). Given their Early Cretaceous age,
these older eclogites must have been produced by the
subduction of either Farallon or proto-Caribbean oceanic
lithosphere (e.g. Pindell et al. 1988). In contrast, eclogites
of the Chuacus Complex have yielded a 77 + 13 Ma Sm-
Nd mineral isochron and a 75.5 + 1.9 Ma U-Pb age
obtained in zircon rims formed during the eclogite
stage (Martens et al. 2012). These ages are interpreted
to be the product of a Late Cretaceous collision of the
Great Caribbean Arc with the southernmost passive mar-
gin of North America (e.g. Pindell and Barrett 1990).

The ages of formation of serpentinite-hosted jadei-
tites in the North and South Motagua units are also
different. A sample of phengite jadeitite from the
south has yielded large zircons and a very well-con-
strained concordia age of 153.7 + 3.5 Ma (MSWD = 2;
Fu et al. 2009). Jadeitite zircons from the northern ser-
pentinite mélange are younger, yielding a mean age of
94 + 4 Ma (MSWD = 6.7; Yui et al. 2010). The contrast in
ages was further confirmed by in situ dating of jadeitite
zircon in thin sections (Flores et al. 2013).

The timing of the retrograde event and the onset of
cooling are also distinct. “°Ar/>°Ar white mica (phengite)
ages from HP rocks from the southern belt are in the
range 125-113 Ma (most cluster at ca. 120 Ma); these
Early Cretaceous ages have been interpreted as the time
of fluid infiltration during blueschist-facies retrogression
of South Motagua eclogites. *°Ar/>*’Ar white mica ages
of eclogite from the northern serpentinite melange are
in the range 77-65 Ma, which have been interpreted as
the onset of cooling after amphibolite-facies overprint
(Harlow et al. 2004). Interestingly, these Late Cretaceous
ages are analogous to the timing of amphibolite-facies
overprint of the Chuacis Complex and onset of its cool-
ing. Metamorphic zircon rims possibly produced during
the overprint stage have yielded 75-70 Ma, whereas
most cooling ages obtained by Rb-Sr, K-Ar, and
“OAr/**Ar dating of white mica and amphibole are in
the range of 76-62 Ma (Sutter 1979; Ortega-Gutiérrez
et al. 2004; Ratschbacher et al. 2009). The above age-
correlation and the latest Cretaceous intrusion of peg-
matite dikes into both the Chuacis Complex and North
Motagua serpentinites strongly suggest that these HP
units had been juxtaposed by the Late Cretaceous
(Ratschbacher et al. 2009; Martens et al. 2012).

4. Field characteristics of eclogites in the Sierra
de Chuacus, north of the Motagua Fault

As noted above, field transects across the Sierra de Chuacus
showed that most gneiss-hosted eclogites and

amphibolites with eclogite relics occur in the southern
flank and central highlands of the Sierra de Chuacus (indi-
vidual localities shown in Figure 2). Gneiss-hosted Grt + Ep
amphibolites do occur in the northernmost part of the
mountain range; however, none of the studied thin sec-
tions contains relics of omphacite. Further north, low-grade
meta-granites in the BVSZ area contain phengite with high-
celadonite component (Solari et al. 2013). Such a progres-
sive decrease in metamorphic grade suggests southward
subduction polarity with a high P-T gradient for subduc-
tion-zone metamorphism of the Chuacis Complex.

Furthermore, previously mapped coherent amphibo-
lite bodies of the North Motagua Unit in the Sierra de
Chuacuis contain domains of a prior eclogite-facies
assemblage (e.g. La Canoa and Tuncaj localities;
Figure 2). We surmise that the bulk of these coherent
bodies were once eclogites produced from blocks of
subducted oceanic crust.

Reconnaissance fieldwork in the Sierra de Las Minas
confirmed the presence of eclogites associated with
serpentinite of the North Motagua Unit. However, no
eclogites or eclogitic relics were found in amphibolites
enclosed within high-grade sillimanite-bearing sialic
gneisses. We speculate that high-grade granitic gneisses
in this region may have a different Late Cretaceous
geologic history or that intense retrogression during
exhumation may have completely erased relict eclo-
gite-facies assemblages. We prefer the latter suggestion
as abundant migmatites and sillimanite-bearing assem-
blages are common in the area.

4.1. Eclogites in the Tanilar unit of the Chuacts
Complex

The Tanilar River section (Figure 2) exposes hitherto
undescribed eclogite and Ep + Omp pods and bands
1-30 cm thick (Figure 4(a-b)) at the margin of lineated
orthogneiss. Towards the south, the river gorge exposes
lenses of both Bt + Grt gneisses and mafic schist con-
taining Ep + Omp; the exposed section ends with quart-
zite and Grt + Wmca schist bearing minor kyanite. The
metapelites lack interfoliated mafic bands and are cut
by massive pegmatites.

Amphibolitized eclogites also occur as decimetre-
scale boudins and bands 20-150 cm thick at the Agua
Caliente River section (Figure 4(c)); these rocks are con-
cordant with hosted orthogneisses and semi-pelitic and
psammitic paragneiss that exhibit one dominant folia-
tion dipping W-SW. The retrogressed eclogite bodies
are interpreted as metamorphosed mafic dikes or con-
cordant sills or flows associated with the sedimentary
protolith. These mafic pods are variably boudinaged
and disrupted by ductile deformation; some mafic
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Figure 4. Field photographs of eclogite occurrence in the northern Guatemala Suture Complex. (a) Eclogite as lens (centre) and as
band (bottom) hosted in Triassic orthogneiss at Agua Caliente and (b) boudinaged omphacite + epidote rock with pegmatite in
boudin neck contained in orthogneiss at Tanilar. (c) Lens of eclogite in the core of isoclinal fold (white dot) in gneisses at Agua
Caliente. (d) Amphibolite with eclogitic relics in the convolute banded gneisses at El Chol.

bands occur in the core of isoclinal folds. Most Agua
Caliente eclogites are fine-grained, black in outcrop, and
variably overprinted by amphibolite assemblages that
contain coarse-grained centimetre-scale amphibole and
plagioclase crystals. Eclogites also occur as centimetre-
scale, irregular domains in amphibolites enclosed by
banded gneiss. Orthogneisses at Agua Caliente have
calc-alkaline geochemistry and were possibly produced
in an arc setting (Solari et al. 2011). Some intrusive
contacts are preserved despite deformation, and U-Pb
zircon geochronology has demonstrated Triassic proto-
lith ages (Ratschbacher et al. 2009; Martens et al. 2012).

At Los Altos (Figure 2), decimetre-scale bands of
omphacite-bearing rocks occur interbedded in semi-peli-
tic paragneiss. The rock contains an assemblage includ-
ing Qtz + Omp + Grt + Zo + Ttn and may have a
sedimentary, calc-silicate protolith. The rare Ep + Omp
pods up to 1T m in length hosted in gneiss and also occur
500 m upstream from the bridge over the Agua Tibia
River, and another is present along the Agua Tibia-Ixchel
road (Figure 2). These pods are composed of Omp + Ep +
Ap and are overprinted by poikiloblastic Am + Ab.

4.2. Eclogites in the El Chol unit

The El Chol unit is well exposed along the rivers and creeks
around the town of El Chol (Figure 2). In contrast to other

Chuacus gneisses and eclogites, the structural features at
El Chol are very complex (Figures 3 and 4(d)), including
various generations of leucocratic and mafic bands with
low-angle cross-cutting relations, various generations of
folds, mylonitic bands with relict porphyroclasts, and eclo-
gite relics. Previous geochronology has yielded compo-
nents with Palaeozoic to Triassic ages (Solari et al. 2011).
Most mafic bands at El Chol are fine-grained garnet amphi-
bolite. Although almost black in outcrop, these rocks con-
tain relics of omphacite and rutile. Furthermore, rare
centimetre-scale relict eclogite-facies domains are pre-
served. These domains do not seem structurally controlled,
but are probably the product of low permeability, limiting
retrogression fluid flow and reactions.

4.3. Eclogites in coherent amphibolite bodies

In the Sierra de Chuacus, coherent bodies of amphibo-
lite tens to hundreds of metres in size (Figure 2) also
contain centimetre- to decimetre-scale domains of relict
eclogite minerals. Some of these bodies are large
enough to be mapped at the 1:125,000 scale (van den
Boom et al. 1971; Bonis 1993); most mafic bodies occur
near serpentinite, but some are also associated with
quartzofeldspathic gneiss, possibly separated by faults.
Two examples are the amphibolite bodies with eclogite
relics at La Canoa and at Tuncaj Hill (Figure 2). On the
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banks of the Motagua River in La Canoa, an amphibolite
body several hundred metres long is faulted against
antigorite schist of the North Motagua Unit, and against
marble and gneiss of the Chuacis Complex. The expo-
sure at Tuncaj is strongly weathered, but amphibolite
saprolite can be traced for >100 m along dirt roads.
Irregular domains of eclogite are preserved within the
large amphibolite body. Overall, amphibolite and eclo-
gite at Tuncaj are associated with a large serpentinite
unit, but the actual contact is covered (Figure 2).

5. Analytical procedures

Mineral chemistry was determined with a focused beam
(<2 pm) using the JEOL 733A electron microprobe at
Stanford University operated at 15 nA beam current and
15 kV accelerating voltage, and calibrated on natural
mineral standards. Raw counts of Si, Al, Fe, Mg, Mn, K,
Na, Ca, Cr, and Ti were collected for 20 s and converted
to wt.% by the CITZAF correction procedure.

Garnet was recalculated in terms of Alm, Prp, Grs,
and Sps components. Cpx analyses were recalculated in
terms of (Di + Hd), Jd, Aeg, Ca-Tschermak, and Opx
molecules; the latter two components were very low
and analyses were further recalculated to (Di + Hd) +
Jd + Aeg = 100% and classified based on Morimoto
(1988). Amphiboles were classified according to Leake
et al. (1997) and Leake et al. (2004)).

Thermobarometry of eclogites was calculated using
the spreadsheet of Krogh Ravna and Terry (2004). To
obtain the highest pressure attained at the eclogite
facies, Grt composition with maximum (Xg)? X Xprps
Cpx composition with maximum X,yq, and Phg with
maximum Xco were used (Carswell et al. 2000). The
spreadsheet uses the Phg solid solution model of
Holland and Powell (1998), the Grt activity model of
Ganguly et al. (1996), and the Cpx activity model of
Holland (1990).

Thermobarometry of eclogites is critically dependent
on the relation between T, P, and composition for the
Fe?*-Mg exchange between Grt and Cpx, which is well
constrained by multiple regression (e.g. Ravna 2000).
However, this thermometer is very sensitive to uncer-
tainty in the estimation of Fe** in Cpx, especially in
Omp or in Fe-poor Cpx (Ravna 2000; Proyer et al.
2004). In the absence of Mdssbauer analyses, Fe3* is
estimated using stoichiometry and charge balance
effectively recalculating to four cations (Hamm and
Vieten 1971; Droop 1987) or allocating Fe3* only for
alkalis in excess of Al (or Fe3* = Na - VIAI - Cr - 2Ti),
effectively assuming VAl = 0 (Cawthorn and Collerson
1974; Lindsley 1983, and references therein).

Although neither method is completely satisfactory,
in cases where X,4 >20 mol%, the calculation based on
excess Na over Al seems more reliable (Cawthorn and
Collerson 1974; Carswell et al. 1997). We have therefore
preferred it in our P and T estimations. The charge
balance approach seems to overestimate Fe**, produ-
cing an artificially high distribution coefficient, which
translates into underestimating the temperature
(Ravna 2000; Krogh Ravna and Terry 2004). Uncertainty
of such temperature estimates (disregarding potential
exchange during retrogression) ranges from +30°C
(Krogh Ravna and Terry 2004) up to +250°C (Proyer
et al. 2004).

6. Petrography and mineral chemistry

We characterized Chuacus eclogites and amphibolites
bearing relict HP phases from the Tanilar unit at the
type locality (samples of the 935 series; localities shown
in Figure 2) and the Agua Caliente River (887 series).
These were compared with an amphibolite at the north-
ern fringe of the Sierra de Chuacus at Cubulco (sample
728). A representative sample of relict eclogite in coher-
ent bodies of amphibolite of the North Motagua Unit
was collected at Tuncaj, near the highest ridge of the
mountain range (series 659). The mineral parageneses
and key petrographic and compositional features are
summarized in Tables 2-3. A more detailed description
of the petrography and the mineral chemistry can be
found in the supplementary materials.

6.1. Gneiss-hosted eclogites at the Tanilar river
section

Sample 935 K is a cobble collected from the bed of the
Tanilar River. The rock is a Grt + Omp + Rt + Ep eclogite
partially retrogressed to an assemblage of poikiloblastic
Am + Pl (Table 2). Accessory phases include Zrn and Ap.
The eclogite-facies assemblage is granoblastic and grain
size is ca. 0.3 mm (Figure 5). Zircons of this rock occur in
the matrix and as inclusions in garnet and pyroxene, and
they have been dated by U-Pb, yielding an age of 76 Ma
for the HP event (Martens et al. 2012). In eclogite
domains, garnet is idioblastic and has a relatively homo-
geneous composition (Figure 6) of AlmsgPrp,7,Grs,6Sps<»
and Fe# is 0.77 + 0.02 (Supplementary Table 1), whereas
the outermost 25-75 pm rim contains slightly higher Alm
and lower Grs. Omphacite of the sample has composi-
tions of Di/Hdsg_g3Jd39_35A€g7_11  (Supplementary
Table 2).

Sample 935 L, also from the Tanilar River, is a grano-
blastic eclogite cobble that was partly retrogressed to
an assemblage of Am + PI. The rock is similar to eclogite
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Table 2. Mineral parageneses of eclogite sample series 935 from Tanilar during prograde, peak, and retrogression
stages of metamorphism, including key petrographic features and mineral compositions.

Tanilar River cobble, sample 935 K

Prog Peak Retro
AlmsePrpi;Grs,Sp-;  outer rim Alm+, Grs-
Grt Inclusions of Zrn,  Partially resorbed
Ttn, Am
Omp Resorbed +
Cpx ~Di/HdgJdssAeg;  symplectite; sodic Di
Rt
Ep/Zo
HP metamorphic
Zm rims — 76 Ma old
Am —Blue Poikiloblastic
Pl Poikiloblastic
Ttn — Some with Rt cores
Tanilar River cobble, sample 935 L
Prog Peak Retro
~AlmseGrssPrpisSps, - Slight resorption
Grt inlcusions of Omp,
Qtz, Ap, Mag, Am
Omp Di/Hd‘,UJd;ergg ~Di/HdssJdisAegin
Cpx Tiny Grt inclusions
Rt
Qtz
Ep/Zo
Mag
Blue-Green Poikiloblastic
Am magnesiotaramite
I— Poikiloblastic
Pl Aby,
Ttn Rt cores

Tanilar River, sample 935 RI

Prog Peak Retro
? poikiloblastic
Am magnesiotaramite
?  Alms,Prp;Grs3,Sps; Partially resorbed
Grt AlmssPrp3GrssSpsy
. Poorly preserved Symplectite
CPx Omp
Matrix and inclusion
Rt in Grt,
Qtz
0 ,
Pl —_fby
Czo
Cb
—Rtcores
Ttn
3.37 Si apfu (cores) Lower Cel component
Wmca (outer part of crystals)
Bt From Phg

Tanilar River, sample 935 S
Prog Peak Retro

Grt AlmysPrp14GrsseSps, - AlmssPrpiGrs,oSps; - Minor resorption

Omp relics in matrix,

. (DitHd)soJdinAegs,
Cpx (DitHd)sJds7Aegs

symplectite

Rt

Phg

Qtz

Am Poikiloblastic pargasite

Pl R Ab g5

Ttn

935 K, but crystals of the HP assemblage are larger (up
to 2 mm) and the rock was retrogressed more (Figure 5).
The eclogite-facies assemblage includes Grt + Omp + Rt
+ Qtz + Ep + Mag and accessory Ap + Zrn (Table 2).
Garnet has minor patchy zoning; its composition is ca.
AlmseGrs,oPrp13Sps, and Fe# = 0.80 (Figures 6 and 7;
Supplementary Table 1). Close to omphacite inclusions,
garnets have Fe# = 0.86 possibly due to retrogression
exchange reactions. The composition of omphacite as
inclusion in garnet and as idioblastic grains is Di/
HdgoJdsAegg (Supplementary Table 2). The composi-
tion near the grain boundaries and in strongly resorbed
grains is higher in Aeg and Di components, with com-
position near Di/Hd;sJd3Aeg;, (Figure 8). The retro-
grade assemblage includes poikiloblastic albite (Abg;)
and magnesiotaramite.

Sample 935 Rl is a gneiss containing Am, Grt, Qtz, P,
Czo, Cb, Bt, Ttn, and Wmca. (Table 2). Relict HP phases
include xenoblastic omphacite and cores of rutile in
titanite. Randomly oriented biotite flakes grew as the

latest phase (Figure 5). The garnet inner core is
Alms4Prp;,Grss4Sps; and Feff varies unsystematically in
the range 0.75-0.78. We interpret this composition to
best preserve the HP garnet. The outer 100-200 pum is
AlmsgPrp,3Grs,gSps,; with Fe# = 0.75 (Supplementary
Table 1), a composition interpreted to have been pro-
duced by the intense amphibolite-facies overprint.
Clinopyroxene is poorly preserved, mostly as symplec-
tite. The composition corresponds to omphacite with
(Di+Hd);3Jdy4Aegs  (Supplementary Table 2), which
reflects partial retrogression after the HP event
(Figure 8). Phengite contains up to 3.37 Si apfu, with
interlayer cations Xc,<0.01, Xy, = 0.03-0.11, and
Xk = 0.89-0.96. Retrograde amphibole is magnesiotara-
mite (Figure 9). Plagioclase composition is homoge-
neous Albgg_g0AN;9_110rgs.

Eclogite sample 935S bears the assemblage Grt +
Omp + Rt + Phg + Qtz, which was partially overprinted
by Am + Pl + Wmca? + Bt + Ttn + Qtz (Table 2). The rock’s
foliation is defined by millimetre-scale compositional
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Table 3. Mineral parageneses of sample series 887 (Agua Caliente eclogite), sample 728 (Cubulco amphibolite), and
sample series 659 (Tuncaj eclogite) during prograde, peak, and retrogression stages of metamorphism, including key
petrographic features and mineral compositions.

Agua Caliente, samples 887a-b

Prog Peak Retro
Omp Di symplectite near
Cpx coresuptoJdn,  Am
Wmea Finer, define fabric - Coarser, random
Alms,_ssGrszo 34PI'PR
Grt 11Spss_7, inclusions of
Omp

Rt Rimmed by Ttn
Czo Psoo)

Pl Aby,, Poikiloblastic
Am Poikiloblastic
Ttn Rt cores

Bt

Tuncaj Eclogite, samples 659a-b
Prog Peak Retro
Core, ttn inclusion Rim, Omp + Czo + Alms,Grs3,PrpsSpss,
Grt Almyy 4sGrsyPrps  Amp inclusions,  resorbed
Sps<i7 - AlmssGrss;PrpoSps;
Jds3 4s(Di+Hd)s> Symplectite
Cpx ccAeg<s
S " D
Ttn Tiny inclusions ?
Czo0 + Zo Ps-oos and Pso, 15
Ferropargasite sodic ferropargasite,
Am inclusions in Grt rims magnesiohornblende to
barroisite
Pl Abog

Cubulco Amphibolite, sample 728
Peak (epidote-
amphibolite)

Prog Retro

Mineral lineation.
Am

magnesio-hornblende

Pl Aby
Czo Fiﬂe, Psoio013
Wimnea Phg 3.35 Si
Bt
Chl Coresin Bt
Grt AlmyoPrp;Sps;s AlmsPrpsSps;o
Ttn Clusters
Hem

banding. Late amphibole is poikiloblastic (Figure 5).
Garnet is subidioblastic and weakly zoned concen-
trically (Figure 7) with inner cores Alm,gPrp;4GrsseSps,
mantled by AlmssPrp;;Grs,oSps; and outermost rims
AlmssPrp,gGrs,,Sps; (Figure 6; Supplementary Table 1).
Clinopyroxene occurs as relict grains in the matrix or
forming symplectite with plagioclase. Matrix clinopyr-
oxene composition ranges from ca. (Di+Hd)gpJds,Aegs
(Supplementary Table 2) to ca. (Di+Hd)goJd;Aegs in
the rims (Figure 8). The composition of most analysed
amphiboles corresponds to pargasite (Figure 9).
Plagioclase has a nearly homogeneous composition of
Albgs_g7AN15_150r0;.

6.2. Gneiss-hosted eclogites at Agua Caliente River

Samples 407, 887a, and 887b are phengite-bearing eclo-
gite retrogressed to amphibolite with poikiloblastic
amphibole and plagioclase (Figure 5). The peak-pressure
assemblage comprises <0.4 mm crystals of Omp + Wmca
+ Grt + Rt + Czo (in order of abundance; Table 3). Garnet
zoning is patchy and has a compositional range of

Alms;_55Grs,9_34Prpg_11Spss_; and Fe# = 84-86 (Figures 6
and 7; Supplementary Table 1). The cores of coarser
omphacite grains contain the highest Jd component of
up to 32 mol%. Omphacite inclusions in garnet and some
well-preserved crystals have compositions close to (Di+Hd)
65Jd55.30A€gs5.10 (Supplementary Table 2). Diopsidic pyrox-
enes also occur as part of very resorbed crystals within the
plagioclase and in symplectite (Figure 8). The rocks contain
two generations of white mica (Table 3). Rutile is partially
rimmed by titanite and is best preserved as inclusions in
white mica and omphacite. Retrograde amphibole and
plagioclase are poikiloblastic and up to 3 c¢m long.
Plagioclase is albite with composition Abg;_g3. Amphibole
composition is at the boundary between magnesiotara-
mite/pargasite and taramite/ferropargasite. Epidote (Psg 1)
is rare and mostly associated with plagioclase.

6.3. Northernmost occurrence of eclogite
associated with serpentinites at Tuncaj

Samples of the 659 series represent the coherent metama-
fic bodies >100 m long associated with even larger
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Figure 5. Scanned thin sections of representative analysed eclogites and amphibolites of the Sierra de Chuacus. Samples of the 935
and 887 series are partially amphibolitized eclogites hosted in orthogneiss of the Chuacds Complex; notice the contrast between the
fine granoblastic eclogite-facies domains and the poikiloblastic retrogression domains. Sample 728 is the northernmost amphibolite
occurrence in the Chuacis Complex, which is devoid of eclogitic relics. Samples of the 659 series represent the eclogite (B) domains

in large, mappable, poikiloblastic amphibolite (A).

serpentinite bodies at Tuncaj (Figure 2). Eclogite sample
659b is from a decimetre- to metre-scale domain within the
amphibolite. The sample contains the assemblage Grt +
Omp + Ttn + Czo + Zo with minor retrograde Am + PI
(Figure 5; Table 3).

Garnet contains two growth zones: cores contain
abundant but minuscule titanite, whereas the outer por-
tions contain a few inclusions of Omp, Czo, and rare Am
(ferropargasite). Core composition is Almgo_45Grs4oPrp<s

Sps<y7 (Figure 6). The boundary between the inclusion-
rich core and the inclusion-poor garnet rim is an ca. 5
pum-thick ring rich in grossular (Figure 7). The inclusion-
poor rim of garnet with the lowest Sps has the composi-
tion AlmseGrsssPrpoSps, and is interpreted to reflect peak
eclogite-facies conditions. Unlike garnet, omphacite crys-
tals exhibit patchy zoning. Most analyses correspond to
Jd33_45(Di+Hd)s,_gsAeg.s (Supplementary Table 2). The
sample contains both Zo and Czo with compositions of
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Figure 6. Garnet composition of the analysed samples in the Alm+Prp-Grs—Sps ternary diagram. Groups as in text.

Ps<oos and Psgi_015 respectively. The retrogression
assemblage is characterized by albite (Abgg) and sodic
ferropargasite.

Amphibolite sample 659a, collected ca. 20 m from
the eclogite sample described above, is the most repre-
sentative for the bulk of the Tuncaj outcrop. The rock is
massive and is characterized by equant albite poikilo-
blasts and random aggregates of green magnesiohorn-
blende-barroisite; both are associated with partially
resorbed garnet. Titanite and minor epidote occur in
the matrix.

Similar to garnet in Tuncaj eclogite, the garnet cores
contain abundant tiny titanite inclusions, whereas rims
have few or no inclusions. Some garnets show core
inclusions that are aligned or form an S pattern, attest-
ing to prior prograde foliation. The zoning pattern is
bell-shaped in the core, reflecting partial preservation of
prograde zoning. The composition of cores changes
systematically from Alm4,Grsz4Prp,Spsas to
AlmssGrs3PrpsSpsio in the garnet mantle. The maxi-
mum Fe# is 0.93 = 0.02 in the core and mantle
(Figure 7) and 0.8 at the outermost rim. The largest
analysed garnet shows a zoning pattern similar to gar-
net in Tuncaj eclogite (Figures 6 and 7). However, due
to resorption, some rims with this composition were not
preserved (Figure 7).

6.4. Metamorphism of mafic protoliths in the
northern flank of the Sierra de Chuacts

Overall, metamorphic grade in the Chuacis Complex
decreases northward (van den Boom 1972). The north-
ernmost occurrence of metamafic rocks rich in amphi-
bole is in the hills around Cubulco (Figure 2), where
bands of strongly lineated amphibolite are exposed.
These amphibolites (sample 728; Figure 5) contain
green amphibole, plagioclase, epidote, titanite, white
mica, biotite, and rare garnet (Table 3). Similar

epidote-rich amphibolites were found 1.5 km E-SE of
Cubulco; they share similar characteristics and do not
contain relict eclogite-facies minerals. Cobbles from
streams on the northernmost slopes of the Sierra de
Chuacus near Cubulco and Rabinal also do not contain
relict omphacite.

Unlike mafic rocks in the southern Sierra de Chuacus,
Cubulco amphibolites exhibit a strong mineral lineation
and not a poikiloblastic texture (Figure 5). Their amphibole
is green edenite and magnesio-hornblende (ca. 60%)
(Figure 9). Albitic plagioclase (ca. 20%) has a homogenous
composition of Abgg.; and fine-grained clinozoisite (ca.
15%) has composition Ps = 0.10-0.13. Very fine-grained
titanite occurs as lens-shaped aggregates. Rare biotite
contains cores of prograde chlorite. Small, randomly
oriented white mica crystals are phengite with up to 3.35
Si apfu (11 O basis). Scarce garnet (ca. 2%) occurs in a
millimetre-wide band. Garnet crystals are weakly zoned
with a core composition of Alm4gPrpesSpsqs and rims of
Alms4PrpgsSpsio (Figure 7). The presence of scarce and
zoned garnet and the association of hornblende and
albite are typical of the epidote-amphibolites facies (e.g.
Apted and Liou 1983), conditions indicative of the greens-
chist- to amphibolite-facies transition at relatively high
pressure. Importantly, this sample has no relics of an ear-
lier eclogite-facies assemblage.

6.5. Thermobarometry

Two in situ Tanilar eclogites (935 R and 9359) yielded nearly
identical univariant thermometry curves. One phengite-
bearing sample yielded conditions of P = 2.7 GPa and
T = 750°C (Figure 10), which are very close to the coesite
stability field. Similar but slightly lower pressure conditions
were obtained for the group of phengite-bearing eclogites
from Rio Agua Caliente, which yielded T = 720-790°C and
P = 2.1-2.5 GPa. Assuming an overburden with a mean
density of 3.2 x 10 kg/m>, which is reasonable for the
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Figure 7. Rim-to-rim garnet zoning of Tanilar, Cubulco, and Tuncaj eclogites and amphibolites, expressed as Alm, Prp, Grs, Sps apfu,

and Fe#.

Caribbean lithosphere (see below), these conditions corre-
spond to a mantle depth of ca. 80 km. The Grt-Cpx
thermometer applied to the two eclogite cobbles collected
from the gorge of the Tanilar River (935 K and 935 L)
yielded consistent results; at the plausible P = 2.0-2.6
GPa range, the estimated T = 790-830°C is higher than in
other samples. The Tuncaj eclogite seems to have equili-
brated at a lower temperature when compared to gneiss-
hosted eclogite. The univariant curves for Grt + Cpx ther-
mometry in the P = 1.5 - 2.5 GPa range yield T = 680-
720°C.

7. Discussion

The variety of eclogites in the GSC is greater than pre-
viously realized. Based on field occurrence, lithologic
association, mineral parageneses, and structure, we
recognized, from the south to the north, metre-scale
blocks of lawsonite-eclogite hosted in serpentinite
south of the Motagua Fault (e.g. Tsujimori et al. 2005,
2006a), similarly sized blocks of epidote eclogite hosted
in serpentinite mélange north of the Motagua Fault (e.g.
Harlow 1994), coherent bodies up to hundreds of
metres long of eclogite extensively retrogressed to
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Figure 8. Clinopyroxene composition of the Tanilar River, the Agua Caliente River, and the Tuncaj Hill eclogites based on Morimoto

(1988). Fe** calculated as Na — Al — Cr — 2Ti.

amphibolite (e.g. Tuncaj and La Canoa; Figure 2), and
eclogites as bands and lenses hosted in quartzofelds-
pathic gneisses with continental affinity of the Chuacus

Complex (e.g. Ortega-Gutiérrez et al. 2004; Martens et al.
2012). All these eclogite varieties are an integral part of
the GSC (Table 1).
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7.1. Mexican origin of the southern lawsonite eclogite

The subduction zone where southern lawsonite eclo-
gites crystallized under near-forbidden zone P-T condi-
tions was very cold, implying a prolonged process of
refrigeration by long-lived subduction. This feature con-
trasts with Ratschbacher et al's (2009) proposition of
lawsonite eclogite formation in a very young and short-
lived subduction zone.

Jadeitite formation from aqueous subduction fluids
(P-type) or metasomatism (R-type) occurred in the Late
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Jurassic (Fu et al. 2009; Tsujimori and Harlow 2012;
Flores et al. 2013) and oceanic mafic protolith recrystal-
lized at HP conditions in the Early Cretaceous (Sm-Nd
mineral isochron age of an eclogite ca. 132 Ma;
Brueckner et al. 2009). The above-mentioned features
preclude origin in a Caribbean subduction zone because
the time of initiation of the Great Caribbean arc is too
young, at ca. 135 Ma (Rojas-Agramonte et al. 2011;
Pindell et al. 2011). A more plausible initial locus for
these eclogites was offshore Western Mexico, where
Farallon subduction was producing arc rocks in the
Guerrero terrane (Mortensen et al. 2008; Martini et al.
2014; Figure 11), contemporaneous with South
Motagua jadeitite and eclogite formation. The latest
Jurassic U-Pb age of southern jadeitite may indicate
early hydrothermal processes produced by dehydration
of the newly established slab in the Guerrero domain,
contemporaneous with the opening of the Arperos back
arc (e.g. Martini et al. 2011).

7.2. Caribbean origin of North Motagua eclogites

Serpentinite-hosted eclogites north of the Motagua
Fault equilibrated at higher temperatures than those
in the south, yet their ages are roughly analogous
(Brueckner et al. 2009). When only Sm-Nd ages with
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Figure 10. Calculated curves in T versus P space of the Tanilar River, the Agua Caliente River, and the Tuncaj Hill eclogites based on
Fe’*-Mg exchange and the Grt-Cpx-Wmca barometer after Krogh Ravna and Terry (2004) .
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Future truncated margin
and Motagua Fault

¢ Active Volcanic Arc,
i Campanian-Maastrichtian

—l— Early Cretaceous Suture

Red is subducted North America
passive margin; dark red is
Chuaciis Complex and North
Motagua Unit. Thin lines
represent hypothetical slab
isopleths.

D Plausible location of the South
Motagua serpetinite mélange
and eclogite in the Guerrero
terrane or the Arperos Suture.

Figure 11. Schematic Campanian—Maastrichtian palaeotectonic reconstruction of the southern North America margin and the Great
Caribbean Arc with elements taken from Rogers et al. (2007), Pindell and Kennan (2009), and Ratschbacher et al. (2009). Notice how
the passive margin of North America is subducted underneath the Jamaica and Western Cuba parts of the Great Caribbean Arc.

MSWD <2 are considered, the age range is 137-118 Ma.
A tectonic setting in a Farallon subduction but in a
position within a hotter isotherm is therefore also plau-
sible. However, such a model is very complex because it
requires tectonic transport along the northern Chortis
(Figure 11) from Mexico to Central America and the
transference of eclogites and associated ultramafics to
a position north of the Motagua Fault by transpression
or tectonic anastomosing along the plate boundary (e.g.
Brueckner et al. 2009).

A simpler model is to consider an origin in a subduc-
tion zone under the Great Caribbean Arc. The above age
range for northern eclogite blocks is consistent with an
origin from young and relatively hot proto-Caribbean
subduction, which also explains the relatively higher
temperatures recorded in the northern epidote eclo-
gites. We prefer this model because transference of
the North Motagua Unit from the Great Caribbean litho-
sphere (hanging wall) to the Maya Block (North
America) is easily explained by the Late Cretaceous
collision of the arc with the southern passive margin
of North America.

Eclogite also occurs as relics in coherent bodies of
amphibolite in the oceanic North Motagua Unit
(Figure 2). An example is the Tuncaj eclogite that pre-
served a two-stage prograde evolution with the peak
assemblage Grt + Omp + Ttn + Czo + Zo + Am, which
reached temperatures <720°C, lower than the Chuacus
eclogites but slightly higher than the northern blocks in
serpentinite melange. This feature is consistent with the

better preservation of prograde zoning in garnet. Peak
Cpx composition contains up to 47 mol% Jd molecule
and mostly <5 mol% Aeg. These bodies are interpreted
as relatively large blocks of oceanic crust that were
subducted and metamorphosed to the eclogite facies,
and then accreted to the Caribbean plate.

We surmise that the two varieties of eclogite in the
North Motagua Unit were probably produced in the
same subduction zone inasmuch as they are associated
with similar serpentinite units. Large coherent bodies
preserved their structural integrity during subduction,
whereas the smaller metre-scale blocks represent the
most sheared portions of similar subducted lithosphere
in the subduction channel. Importantly, a two-stage
garnet growth is present in both and their peak Cpx
and Grt compositions are analogous (Figure 6; Figure 8).

7.3. Late Cretaceous continental subduction of the
Chuacus Complex

Eclogites in the Tanilar unit of the sialic Chuacus
Complex are characterized by the peak paragenesis
Omp + Grt + Rt £ Wmca = Qtz £ Ep. Overall Grt
composition ranges  Almsg_goPrpi1o-20Grsyo_40  With
minor Mn component. Prograde compositional zoning
is not pronounced, consistent with the relatively high-
temperature eclogite-facies recrystallization at 720-830°
C. Cpx composition evolved from Omp with up to
35 mol% Jd and <10 mol% Aeg at the peak stage to
retrograde diopside mostly as symplectite. Phengite-



bearing eclogites allowed constraining P = 2.1-2.7 GPa,
near but below the stability field of coesite. Previous U-
Pb zircon geochronology has shown that the eclogite-
facies event took place during the Late Cretaceous
(Campanian; Martens et al. 2012).

The Chuacus eclogites are interpreted to represent
the continental subduction of North America’s passive
margin as it reached the Great Caribbean trench
(Figure 11). This was the same subduction zone where
the North Motagua Unit eclogites had been formed
from the previously subducted proto-Caribbean crust
ca. 40-50 Ma earlier. Continental crustal materials of
the Chuacuis Complex may have been carried to more
than ca. 80 km, a mantle depth within the stability field
of coesite. Perhaps only HP-recrystallized portions were
exhumed, and hence no coesite has been conclusively
identified in Chuacus eclogites (e.g. Ortega-Gutiérrez
et al. 2004).

7.4. Retrogression of HP belts north of the
Motagua Fault

The short time span between the formation of Chuacus
eclogite at ca. 76 Ma and the cooling ages of ca. 74 Ma
or slightly younger shows that the metamorphic path of
Chuacus eclogites does not reflect a continuous process
of subduction that proceeded for many millions of
years, but a relatively short-lived process with rapid
exhumation. We envision that the Chuacus slab was
unstable at mantle depth, triggering either slab break-
off or delamination of part of the sialic crust from the
continental lithosphere. We propose that during this
process the Chuacus block carried pieces of accreted
oceanic lithosphere of the hanging wall on its way from
the mantle to mid-crustal depths. This is how North
Motagua serpentinite, serpentinite mélange with exotic
blocks, and coherent blocks of eclogite accreted to the
hanging wall were first juxtaposed to the sialic Chuacus.

Once exhumed to crustal depths, the Chuacus
Complex and the North Motagua Unit were coevally
retrogressed in the Campanian-Maastrichtian at similar
epidote-amphibolite conditions. This process involved
the decompression melting of the sialic unit producing
pegmatites that intruded both the Chuacus and the
North Motagua units and the release of abundant fluids
that facilitated retrogression reactions producing poiki-
loblastic epidote-amphibolites.

7.5. How far north of the Motagua Fault does the
Guatemala Suture reach?

Finally, we want to address three related but different
questions, namely how far north do eclogites (sensu-
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stricto) occur in the Sierra de Chuacus, how far north can
eclogite-facies conditions be traced, and how far north HP
assemblages are present in the suture in general.

Our field and petrologic study has shown that, unlike
Chuacus eclogite, mafic protoliths in the Rabinal-
Cubulco area to the north (Figure 2) underwent peak
conditions at epidote-amphibolite facies and do not
contain eclogite relics. Still further north of the
Rabinal-Cubulco area, there are mafic enclaves in the
sheared granites that contain a greenschist-facies
assemblage of albite + chlorite + epidote + quartz +
titanite £ actinolite. Amphibolites immediately south of
Rabinal are rich in epidote but do not contain relics of
an eclogite-facies assemblage. In fact, sensu-stricto eclo-
gites in the northern flank of the Sierra de Chuacus are
rare, if they are present at all. Here, we want to empha-
size that considering an amphibolite to be a retrograde
eclogite merely due to the presence of abundant garnet
is not conclusive (cf. Ortega-Gutiérrez et al. 2007).
Provided what is currently known, we also conclude
that the northernmost occurrence of eclogite in the
GSC is the Cerro Tuncaj outcrop (Figure 2).

The northern boundary of the exhumed sialic block
that contains eclogite-facies assemblages is yet to be
determined. However, the boundary of eclogite-facies
conditions must lie south of the amphibolites devoid of
eclogitic relics at Cubulco and Rabinal, and north of the
gneisses at Ixchel (same latitude as Tuncaj Hill; Figure 2).
We therefore surmise that the boundary in question is
located in the northern flank of the Sierra, in contrast to
proposals that regard the BVSZ as the boundary. To
better constrain this boundary, it will be helpful to
establish the P-T conditions of the widespread metape-
lites (Figure 2), particularly of those rich in Cld and
devoid of Bt, which suggest HP conditions, perhaps in
the eclogite-facies field (e.g. EI-Shazly and Liou 1991).

Finally, we address how far north an HP gradient is
registered in Central Guatemala. HP metamorphism has
imprinted not only mafic high-grade rocks of the
Chuacus Complex described in this article, but also
granitic and metasedimentary rocks within the BVSZ
(e.g. Ortega-Obregén 2005). Despite the metamorphic
grade being considerable lower in the shear zone, meta-
morphic phengite composition in mylonitic granite is
indicative of HP conditions (Solari et al. 2013). The
northern boundary of the subducted HP slab is there-
fore the boundary of metamorphosed versus unmeta-
morphosed rocks shown in Figure 2.
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