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A B S T R A C T

The Chuacús Metamorphic Complex is located in Central Guatemala, between the Polochic and Motagua 
fault zones. It is made up of complexly intercalated, mafic and felsic high-grade gneisses, amphibolites, pelitic 
and quartzofeldsphatic metasediments and subordinate marbles. Mafic dikes and lenses metamorphosed to 
amphibolite and eclogite facies are tholeiitic and similar to mid-ocean ridge basalts. In contrast, metamorphosed 
intrusives (gabbro, diorite and granite) are calc-alkaline and have the geochemical signature of arc magmas. Laser 
Ablation Inductively Coupled Plasma Mass Spectrometry U-Pb zircon geochronology allows the recognition of 
three episodes of metamorphism. The first eclogite facies metamorphism (M1) is bracketed between Ordovician 
magmatism in the northern Chuacús Metamorphic Complex and the neighboring Rabinal granitic suite; the 
second corresponds to an Upper Triassic period of arc magmatism and migmatization (M2); the third high-grade 
metamorphic event (M3) occurred during the Late Cretaceous. 
The tectonic evolution of the Chuacús Metamorphic Complex began during the Early Paleozoic as a basin in 
the Rheic Ocean that received detrital material from the Maya Block, Acatlán and southeastern México. The 
Chuacús Metamorphic Complex evolved to an active margin that subducted to HP conditions during the Mid-
Late Paleozoic, and then was exhumed and involved in two tectonothermal events during the Upper Triassic and 
Late Cretaceous. The Chuacús Metamorphic Complex was accreted to the southern Maya Block during the Late 
Cretaceous, as a result of the convergent tectonics between the latter and either the Greater Antillean arc or the 
Chortís Block.

*

2

Chuacús Complex. Guatemala. U-Pb geochronology. Maya Block. Caribbean. Basement Tectonics.KEYWORDS

1

1

21 2



L . A .  S O L A R I  e t  a l .

G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 5

Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala

330

InTROduCTIOn

The tectonic limit between the North America and 
Caribbean plates is composed of a complex mosaic of 
crustal blocks, which are juxtaposed and limited by faults 
(e.g., Ortega-Gutiérrez et al., 2007; Rogers et al., 2007; 
Brueckner et al., 2009; Ratschbacher et al., 2009) (Fig. 1). 
Those crustal blocks range in age from the Proterozoic (e.g. 
Yoro area, central Honduras, Manton, 1996) to Early-Late 
Paleozoic and Mesozoic (Altos Cuchumatanes, Guatemala, 
Solari et al., 2009, 2010a; Maya Mountains, Belize, Martens 
et al., 2010; Rabinal suite, Guatemala, Ortega-Obregón et 
al., 2008; Chuacús Complex, Ortega-Gutiérrez et al., 2004; 
Ratschbacher et al., 2009; Las Ovejas Complex, Ratschbacher 
et al., 2009), and were finally amalgamated during the Late 
Mesozoic-Cenozoic (Harlow et al., 2004; Ortega-Gutiérrez 
et al., 2004; Martens et al., 2007; Brueckner et al., 2009; 
Ratschbacher et al., 2009). Recent works shed light on the 
tectonic evolution of the Motagua fault zone as the complex 
tectonic limit between the North America and Caribbean plates 
(Harlow et al., 2004; Brueckner et al., 2009; Pindell et al., 
2006; Pindell and Kennan, 2009). The tectonic significance 
of the continental blocks involved in the suturing, however, is 
still a matter of debate, especially on the southernmost edge of 
the North America plate (i.e., the Maya Block). The classical 
view on the tectonic limit is represented by a suture along the 
Motagua fault, involving the Maya Block (North America 
plate) to the north, and the Chortís Block (Caribbean plate) 
to the south (e.g., Dengo, 1969). More recently, several works 
have added complexity to such a simple model, involving 
the collision of the Greater Antilles to the south of the Maya 
Block during the Late Cretaceous, prior to docking of the 
Chortís Block (e.g., Pindell and Barret, 1990; Harlow et al., 
2004; Giunta et al., 2006; Brueckner et al., 2009; Pindell 
and Kennan, 2009; Ratschbacher et al., 2009). Further 
complications have arisen from the works of Ortega-Gutiérrez 
et al. (2007) and Ortega-Obregón et al. (2008), who suggested 
and argued for the existence of discrete crustal blocks or 
suspect terranes in the southern Maya Block, extending from 
central Guatemala across the Motagua suture zone to well 
inside the Chortís Block of southern Guatemala and Honduras 
(e.g. Rogers et al., 2007). One of the key localities to test the 
possible existence of those crustal entities, and one of the least 
studied, is the Sierra de Chuacús in central Guatemala. This 
paper presents new geochronological and geochemical data 
of crustal rocks in the Sierra de Chuacús in order to provide 
further constraints to its tectonic evolution and the ongoing 
discussions on its allochthonous vs. autochthonous nature and 
tectonic evolution. 

PRevIOuS wORkS

The Sierra de Chuacús is located in central Guatemala, 
between the Polochic and Motagua faults (Fig.1 and 2). The 

Chuacús Metamorphic Complex is made up of an intricate 
sequence of polydeformed, locally retrograded high-grade 
metamorphic rocks, both igneous and sedimentary in 
origin. Previous works report Silurian ages with Grenvillian 
protoliths in the northern sector of the Sierra de Chuacús 
(Gomberg et al., 1968). The presence of a Carboniferous 
high-grade metamorphic event affecting a Grenvillian 
protolith was identified by Ortega-Gutiérrez et al. (2004) in 
El Chol, in the middle of the Sierra de Chuacús. Martens 
et al. (2005, 2007) questioned the precision of that age and 
reported a Triassic age for similar rocks. A recent work by 
Ratschbacher et al. (2009) reported Proterozoic ages in the 
northern Sierra de Chuacús, with some discordant analyses 
yielding imprecise lower intercepts in the 638-477Ma 
range. Another sample they dated in the southern Sierra 
de Chuacús yielded Proterozoic and Devonian inheritance, 
as well as Triassic magmatic ages that postdate eclogite 
metamorphism and were later affected by high-temperature 
(HT) metamorphism during the Late Cretaceous. 
Petrological data suggest the existence of a HT eclogite 
facies event (~680-750°C, ~22-24kbar, Ortega-Gutiérrez et 
al., 2004; Martens et al., 2007; Ratschbacher et al., 2009), 
which cooled to about 580-600°C and 10-14kbar during 
decompression (Ortega-Gutiérrez et al., 2004; Ratschbacher 
et al., 2009). While there is still debate about the existence of 
one or two eclogite facies from metamorphic pulses affecting 
the Chuacús Metamorphic Complex; pre-Carboniferous 
according to Ortega-Gutiérrez et al. (2004), pre-Triassic 
according to Ratschbacher et al. (2009), or after the Triassic 
but before the Late Cretaceous according to Martens et al. 
(2007); these authors agree on Late Cretaceous cooling and 
exhumation (broad K-Ar, Ar and Rb-Sr age range of ~75 to 
~66Ma, see also Ortega-Obregón et al., 2008). 

Metamorphic and igneous rocks of comparable age 
and metamorphic grade are present elsewhere in southern 
México and central-north Guatemala. In the Acatlán 
Complex of southern México, basement of the Mixteco 
terrane, megacrystic granites have yielded ~480-440Ma 
magmatic ages, similar to the ages calculated for rift-related 
tholeiites in the same unit (Miller et al. 2007; Keppie et al. 
2008a, b). They are intimately associated with high pressure 
metamorphism that occurred either during the Cambro-
Ordovician (Vega-Granillo et al., 2007) or the Devonian-
Mississippian and was associated with the closure of 
the Rheic Ocean (e.g. Nance et al., 2006, and references 
therein). In southeastern México, the Guichicovi complex 
is characterized by Grenvillian granulites (Weber and 
Köhler, 1999) intruded by Permian granites (La Mixtequita 
Massif, Torres et al., 1999). The Chiapas Massif crops 
out farther to the southeast, toward the Guatemala border. 
The massif is characterized by Ordovician S-type granites 
and amphibolites (Pompa-Mera et al., 2008), as well as 
widespread Late Permian granites that intrude medium to 
high-grade metasediments and orthogneisses, with Nd model 
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ages between 1.0 and 1.4Ga (Schaaf et al., 2002; Weber et al., 
2006a, 2007, 2008). The metasediments of the Lower Santa 
Rosa Formation, which crop out in the Chiapas Massif, 
were recently dated by Weber et al. (2009), establishing 
the maximum depositional ages as defined by youngest 
zircons clustering around 315-325 and 331-341Ma. 
In Central Guatemala, just north of the Baja Verapaz 
Fault Zone, Ortega-Obregón et al. (2008) dated several 
peraluminous granites between 453 and 462Ma (lower 
intercepts of discordant data, U-Pb by Isotope-Dilution 
Thermal Ionization Mass Spectrometry (ID-TIMS)) and 
placed them at the very edge of what they considered to be 
the tectonic southern limit of the Maya Block. In the Maya 
Mountains of Belize, Martens et al. (2010) reported an Early 
Devonian Laser Ablation Inductively Coupled Plasma Mass 
Spectrometry (LA-ICPMS) age of 406Ma for rhyolites 
interbedded with conglomerates, which confirms the 
~405-420Ma ages previously published by Steiner and 
Walker (1996).

GeOLOGy Of The ChuACúS MeTAMORPhIC COMPLex 

The Chuacús Metamorphic Complex is a 
polymetamorphic, originally high-grade and essentially 
metasedimentary formation, which bears textural and 
mineralogical evidence of at least one eclogite-facies event 
following a P-T decompressional path that could have 
departed near the field of ultrahigh pressure metamorphism 
(UHPM) and, in any case, representing continental 
subduction (e.g. Ortega-Gutiérrez et al., 2004; Martens, 
2009). The Chuacús Metamorphic Complex is mainly 
composed of quartzofeldspathic, garnet and mica bearing 
gneisses; two micas, garnet, kyanite, rutile schists; minor 
marbles and calcsilicates and abundant orthogneisses, 
which range from mafic (garnet, hornblende, rutile and 
plagioclase) to granitic in composition. A large, Late 
Cretaceous shear zone, named Baja Verapaz Shear Zone 
by Ortega-Obregón et al. (2008) limits the Chuacús 
Metamorphic Complex in the north. The kinematics of the 
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A) Main tectonic subdivision of crustal blocks in southern Mexico and Central America. N: Náhuatl-Guerrero terrane; TMVB: Trans-Mexican 
Volcanic Belt; M: Mixteco terrane; CH: Chatino terrane; Z: Zapoteco terrane; CU: Cuicateco terrane; MAYA: Maya Block; CHORTIS: Chortís block. Nomen-
clature after Sedlock et al. (1993). PMFZ: main (simplified) trace of the Polochic-Motagua fault zone. B) Schematic geological map showing basement 
rocks of central Guatemala, southeasternmost Mexico, and northwestern Honduras. Geology is recompiled from Kesler et al. (1970); Anderson et al. 
(1973); Steiner and Walker (1996); Weber et al. (2005, 2006); and unpublished data by the authors. PFZ: Polochic Fault Zone; MFZ: Motagua Fault 
Zone; BVFZ: Baja Verapaz Fault Zone; JChFZ: Jocotán-Chamelecón Fault Zone; LCF: La Ceiba Fault. Main ophiolitic bodies are shown in black: SSC: Sierra 
de Santa Cruz; BVP: Baja Verapaz; SJP: S. Juán de Paz; NM: north Motagua unit, ophiolite and mélange; SM: south Motagua unit, ophiolite and mélange. 
Modified from Ortega-Obregón et al. (2008).
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Baja Verapaz Shear Zone indicates thrusting to the NNE 
with a minor left-lateral component. It mainly affected a 
sequence of low-grade pre-Ordovician slates and phyllites, 
informally named the San Gabriel sequence, as well as some 
igneous units belonging to the Ordovician Rabinal Granite 
Suite (Ortega-Obregón et al., 2008). At the southern edge 
of the Baja Verapaz Shear Zone the low metamorphic 
grade increases to amphibolite facies, where the 
Chuacús Metamorphic Complex actually begins. Chuacús 
Metamorphic Complex orthogneisses present a large age 
range and variable degrees of deformation. However, 
intrusive contacts are often visible in fresh outcrops. One 
of the Chuacús Metamorphic Complex exposures which 
deserves a more detailed description is the El Chol. At this 
location, banded mafic gneisses are intimately associated 
with metamorphosed granitic-trondhjemitic dikes. Local 
pods of granitic melt, slightly discordant to concordant 
with the main foliation, strongly suggest that the mafic 
bands are migmatitic restites, whereas the granitic veins are 
neosomatic leucosomes. It is important to underline that 
El Chol is the only locality in the Chuacús Metamorphic 
Complex where at least three deformation events are 
superposed and clearly distinguishable. Pegmatites are also 
widespread throughout the entire Chuacús Metamorphic 

Complex, ranging from decimetric bands to more than 
several hundreds of meters wide. Eclogite is the most 
important lithology recognized in several outcrops. These 
high-pressure rocks are mainly present as deformed lenses 
in leucocratic and deformed gneisses, indicating a remnant 
of an important metamorphic event (cf. Ortega-Gutiérrez 
et al., 2004, for representative microprobe analyses). 

The high-pressure metamorphism is widespread in 
the southern Sierra de Chuacús between El Chol and the 
northern Motagua allochthonous units, which constitute the 
tectonic southernmost limit of the Chuacús Metamorphic 
Complex. Eclogite-facies metamorphism is not recognized, 
however, in the western Chuacús (e.g. Kesler et al., 1970; 
Ratschbacher et al., 2009) or in the easternmost known 
outcrops, which are located in the southern Sierra de Las 
Minas (easternmost outcrops of Fig. 2). 

MAIn PeTROGRAPhIC feATuReS

The following petrological data summarize and 
complement previous work (Ortega-Gutiérrez et al., 
2004) on some fundamental petrographic and textural 
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characteristics of the Chuacús Metamorphic Complex 
as studied at its type-area, the Sierra Chuacús between 
Granados and Salamá in central Guatemala. Based 
on detailed petrographic studies of representative 
samples, actual and relict evidence for high-pressure 
metamorphism may be found in most metapelitic, 
quartzofeldspathic, calcareous, and mafic lithologies of 
the Chuacús Complex in its type-area. The metapelites 
(see Table 1 for representative Wavelength Dispersive 
X-Ray Spectrometry (WDS) chemical analyses of the 
main aluminous phases) include the characteristic high-
pressure assemblage kyanite - garnet - rutile - phengite - 
quartz, with minor phases in the matrix or as inclusions 
inside high-pyrope garnet (Alm54Pyr40.5Gr4.2Spes1.3) 
and kinked kyanite (Fig. 3A) such as quartz, phengite, 
ilmenite, titanomagnetite, zoisite, tourmaline, staurolite, 
phlogopite/biotite, chloritoid and monazite. Rutile 
inclusions in kyanite and garnet are particularly abundant 
and commonly show non-prismatic shapes (Fig. 3D). 
The high-pressure assemblages in the calcareous rocks 
include: a) high-Mg carbonate - rutile/titanite - quartz 
- white mica, with zircon, pyrrhotite and apatite as 
minor phases (marbles), and b) amphibole (pargasite/
tremolite) - zoisite - quartz - clinopyroxene - white mica 
- clinochlore - serpentine - titanite (calcsilicates). Energy 
Dispersive X-R ay Spectrometry (EDS) analyses of high 
relief grains detected inclusions of corundum in some 
reddish pleochroic titanites, and lamellar rutile needles 
up to 32x0.25µm (Fig. 3B) that may be oriented in three 
different crystallographic planes in the cores of some 
zoisites. The composite association tremolite - zoisite - 
titanite/rutile (S1) overprinted by jadeite - lawsonite - albite 
- quartz - carbonate (S2) (see Fig. 3F) locally refl ects two 
high-pressure events verified at contrasting higher and lower 
temperatures. Lawsonite and jadeite were not verified by 
chemical analyses, but both phases display their distinctive 
optical properties (Ortega-Gutiérrez et al., 2004).

Quartzo-feldspathic rocks are characterized by 
assemblages with quartz - garnet - albite - phengite 
- biotite - zoisite - rutile - subcalcic amphibole, with 
accessory potassium feldspar, carbonates and rare 
green clinopyroxene (probably omphacite) included in 
albite porphyroblasts, indicating relict high-pressure 
conditions. Common rounded zircons suggest an 
original sedimentary protolith. Mafic rocks contain 
hydrous and anhydrous eclogitic remnants with the 
typical assemblage omphacite - garnet - rutile - quartz 
accompanied by variable and comm only la rge amounts 
of amphibole (barroisite and taramite), phengite and 
zoisite/epidote. The eclogitic lithologies sometimes 
preserved radial cracking of garnet around quartz 
inclusions, as well as lamellar inclusions of rutile along 
3-4 crystallographic directions and polycrystalline 
quartz - potassium feldspar inclusions.

The polymetamorphic evolution of the Chuacús 
Metamorphic Complex is evident in the wide variety 
of reaction (prograde and retrograde) textures that 
characterize most rocks, particularly the eclogitic units. 
Prograde coronas include garnet on omphacite (Fig. 3E), 
or on biotite, plagioclase, chlorite and apatite, as well 
as occasional rims of clinopyroxene on garnet followed 
by amphibole - plagioclase symplectites (Fig. 3C) that 
suggest alternating metamorphic episodes of hydration 
and dehydration. Retrograde or decompression coronitic 
textures are characterized by symplectites of amphibole-
plagioclase and clinopyroxene - albite on omphacite, 
subcalcic amphibole and garnet, epidote on garnet, apatite 
on allanite, biotite on phengite, albite on white mica and 
garnet, titanite on ilmenite and rutile, epidote on zoisite, 
green on brown biotite, and chlorite on garnet.

AnALyTICAL MeThOdS

Geochemistry

Major and trace element analyses were performed 
at Actlabs (Ancaster, Canada). Major elements were 
determined by X-ray fluorescence, whereas trace elements 
were measured by ICP-MS employing lithium metaborate/
tetraborate fusions. Sm-Nd isotopic ratios were measured 
by Thermal Ionization Mass Spectrometry (TIMS) at the 
Laboratorio Universitario de Geoquímica Isotópica of the 
Universidad Nacional Autónoma de México (UNAM), 
using a Finnigan MAT 262 system equipped with eight 

Table 1, Solari et al., 2010

Oxide St St St St Ky Ky Grt Phe
SiO2 28.02 28.03 28.10 27.95 36.13 36.83 41.17 50.49
TiO2 0.46 0.43 0.42 0.37 0.00 0.00 0.00 0.12
Al2O3 52.31 52.44 52.82 52.83 61.96 62.97 24.15 26.61
Cr2O3 0.03 0.05 0.00 0.00 0.05 0.02 0.00 0.00
FeO 14.21 14.13 13.62 13.46 0.84 0.80 22.78 4.48
MnO 0.08 0.00 0.04 0.01 0.02 0.02 0.53 0.02
MgO 1.57 1.57 1.49 1.51 0.00 0.00 9.59 2.96
CaO 0.00 0.01 0.00 0.00 0.00 0.02 1.39 0.01
Na2O 0.15 0.00 0.00 0.13 0.00 0.00 0.00 0.21
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.63
Total 96.83 96.66 96.49 96.26 99.00 100.66 99.61 96.53
Oxygens 46 46 46 46 5 5 12 11
Cations
Si 7.88 7.88 7.89 7.86 0.99 0.92 3.08 3.39
Ti 0.10 0.09 0.09 0.08 - - - 0.01
Al 17.33 17.37 17.48 17.52 2.00 2.00 2.13 2.10
Cr 0.02 0.03 - - 0.01 - -
Fe 3.34 3.32 3.20 3.17 0.02 0.02 1.43 0.25
Mn 0.02 - 0.01 0.00 - - 0.03 -
Mg 0.66 0.66 0.62 0.63 - - 1.07 0.30
Ca - 0.00 - - - 0.00 0.11 -
Na 0.08 - - - - - - 0.03
K - - - - - - - 0.99
Sum 29.42 29.35 29.29 29.26 3.02 2.94 7.85 7.07
St: staurolite; Ky: kyanite; Grt: garnet; Phe: phengite

Chuacús Metamorphic Complex metapelite Wavelength Dis-
persive X-Ray Spectrometry (WDS) mineral chemistry. Methodology 
described in Ortega-Gutiérrez et al., 2004

TABLE 1
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Figure 3, Solari et al., 2010
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Some representative photomicrographs of petrographic features described in the text. A) Kink bands nucleated on an elongate quartz inclu-
sion in kyanite. Plane polarized light, field of view is 560µm. B) Lamellar inclusions of rutile (bright needles) in zoisite in a high-pressure calc-silicate. 
Crossed polarized light, field of view is 220µm. C) Multiple coronas formed by retrogression of mafic eclogites; garnet appears rimmed by clinopyrox-
ene, then by a symplectite of amphibole-plagioclase, and finally by an albite-rich matrix. Crossed polarized light, field of view is 2,240µm. D) Rutile 
inclusions in kyanite, many crystals show a peculiar “butterfly” shape and may be reddened by exsolution of hematite. Crossed polarized light, field 
of view is 220µm. E) Composite coronitic texture formed by a central zone of clinopyroxene-amphibole symplectite, rimmed by a wide band of albite 
followed by a band of garnet with rutile/titanite inclusions; this garnet forms a large inclusion in subcalcic amphibole. Plane polarized light, field of 
view is 2,240µm. F) Euhedral jadeite (optically determined by extinction angle, birefringence and relief) grown across an albite porphyroblast. Crossed 
polarized light, field of view is 220µm.

FIGURE 3
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Faraday cups. Sample preparation and measurement 
procedures for isotopic analyses have been described by 
Schaaf et al. (2005). 143Nd/144Nd ratios were normalized 
to 146Nd/144Nd=0.72190 and corrected to a La Jolla 
standard value of 143Nd/144Nd=0.511860. The long term 
reproducibility of La Jolla standard at Laboratorio 
Universitario de Geoquímica Isotópica (143Nd/144Nd) 
is 0.511875±22 (2σ, n=152). Geochemical results are 
reported in Table 2.

Geochronology

The samples selected for geochronology, (3 to 5kg) 
were crushed and the minerals separated following common 
techniques such as jaw crushing, milling, Wifley separation, 
Frantz magnetic separation, and heavy liquids (see also Solari 
et al., 2007). The zircon concentrates were carefully observed 
under a binocular microscope. Between 500 and 150 crystals 
were carefully selected from each sample, in order to obtain 
all the variations in morphology, shape and color. They were 
mounted in epoxy resin, ground to expose roughly half of the 
crystal, and then imaged by cathodolominescence using an 
ELM 3R luminoscope (Marshall, 1988).

LA-ICPMS U-Pb analyses were performed at 
Laboratorio de Estudios Isotópicos (LEI), Centro de 
Geociencias, UNAM, using a Resonetics “Resolution 
M50” 193nm excimer laser workstation coupled with 
Thermo Xii Series quadrupole mass spectrometry. Details 
of the analytical setup employed during this study are 
described in Solari et al. (2010b). 25s of gas background 
acquisition was followed by 30s of ablation, carried 
out in He atmosphere, employing 160mj laser energy, 
corresponding to an on-target fluence of 8J/cm2, 34μm 
diameter spot and a repetition rate of 5Hz, generating a drill 
rate of ~0.7μm/s. The background average was subtracted 
from net intensities measured for each isotope. Acquisition 
involved an alternance of 2 analyses of Plešovice reference 
zircon (~337Ma, Sláma et al., 2008), NIST 610 standard 
glasses and 5 unknown zircons, using standard-unknown 
bracketing method (e.g. Solari et al., 2010b) to allow down-
hole fractionation corrections to be performed using an in-
house developed software (Tanner and Solari, 2009). NIST 
610 glass standard is used to recalculate the concentrations 
of interest, for instance U and Th, by normalizing such 
elements with 29Si. Other isotopes are observed during 
analysis; such as P, Ti, REE; to monitor the presence of 
inclusions (and in due case discard it) and to produce 
zircon REE patterns, which can be helpful to interpret 
the calculated ages. REE zircon patterns were normalized 
to chondrite values of McDonough and Sun (1995). 
Recalculated values are available in Table I (Electronic 
Appendix in www.geologica-acta.com). An estimation of 
the zircon crystallization temperature is calculated by the 
Ti content, according to the Ti-in thermometer of Watson et 

al. (2006). Precision on measured 207Pb/206Pb, 206Pb/238U and 
208Pb/232Th ratios typically was ~0.7% 1σ relative standard 
deviation. Replicate analyses of the Plešovice zircon 
indicate an external reproducibility of 0.8%, 0.7% and 
1.6% on the measured 207Pb/206Pb, 206Pb/238U and 208Pb/232Th 
ratios, respectively. These errors are quadratically included 
in the quoted uncertainties for individual analyses of the 
analyzed zircons. 204Pb is not monitored during these 
analyses, because its signal is swamped by the 204Hg 
contained in the carrier gases. Common Pb correction 
was thus performed employing the algebraic method of 
Andersen (2002). A filter was then applied to ensure the 
quality of selected analyses, consisting in evaluation 
of the concordance. For grains with ages of <1000Ma, 
the analysis was considered concordant if the 206Pb/238U 
and 207Pb/235U ages differed by less than 10%. For the 
grains with ages >1000Ma, the same test was carried out 
considering 206Pb/238U and 207Pb/206Pb ages. The concordia, 
probability density distribution and histogram plots, as 
well as age-error calculations are performed using Isoplot 
v. 3.70 (Ludwig, 2008). The Tuff-Zirc algorithm (Ludwig 
and Mundil, 2002) contained in the same software was 
used to calculate the mean 206Pb/238U ages and their errors, 
as well as to filter for outliers, which are preferred for 
grains younger than 1000Ma. Details of analyzed zircons, 
for each samples, are reported in Table II of the Electronic 
Appendix (www.geologica-acta.com).

ReSuLTS

Geochemistry

Most of the samples studied here underwent high-grade 
metamorphism, and therefore geochemical classifications 
and interpretations must be taken with caution. 
Nevertheless, comparisons of relatively immobile element 
concentrations and ratios of the studied rocks with those 
found in unaltered volcanic rocks can provide insights into 
the sources and processes that lead to their formation.

In terms of geochemistry and petrography, rocks from 
the Chuacús Metamorphic Complex can be divided in three 
different groups: tholeiitic metabasalts (amphibolites), 
calc-alkaline orthogneisses and pelitic gneisses. Migmatitic 
gneisses are also present, but they will be described 
separately for simplicity.

Amphibolites are found as metamorphosed lenses, 
or deformed dikes in orthogneisses and migmatites (e.g. 
samples Gt0322, Gt0327, Gt0329, Gt0334 in Table 2). They 
are fairly homogeneous in terms of their major elements, 
and show enrichment in Fe2O3 and TiO2 when compared to 
the rest of the sequences (AFM diagram of Fig. 4A). Even 
though the MgO contents are not what would be expected 
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for pristine mantle-derived melts (Langmuir and Hanson, 
1980), they have compositions that are typical of slightly 
differentiated tholeiitic basalts. Despite major element 
homogeneity, the REE patterns of these rocks are variable. 
Three samples have the typically depleted LREE and 
flat HREE pattern of normal mid-ocean ridge basalts 

(N-MORB) and display small negative Eu anomalies, 
whereas two samples have relatively flat LREE and 
depleted HREE without Eu anomalies (Fig. 5A). 
Extended incompatible trace element patterns are 
also similar to MORB, although fluid mobile elements 
(Cs, Rb, Ba, U) have been likely perturbed by weathering 
since they resemble the enrichments that are often observed 
in altered-oceanic crust (Staudigel et al., 1996; Fig 5A). In 
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fluid immobile elemental ratios (Th/Nd, La/Nd, Sr/Nd, Nd/Yb), 
these rocks display end-member compositions with values that 
overlap a typical Pacific MORB. Nonetheless, Nb/Ta ratios (up 
to 40) are much higher than in MORB, probably suggesting 
that an element like Ta did not remain completely immobile 
during high-grade metamorphism.

Orthogneisses (e.g., samples Gt0303, Gt0319, Gt0320, 
Gt0321 in Table 2) have variable compositions that range 
from gabbroic to granitic and display a systematic decrease 
in MgO, F2O3, and TiO2 with increasing SiO2, Na2O and 
K2O, characteristics that are typical of calc-alkaline magmas 
worldwide (Fig. 4A). Chondrite-normalized REE patterns 
show enrichment in LREE and slightly depleted HREE that 
are in contrast to what is observed in the tholeiitic amphibolites 
(Fig. 5B). A small negative Eu anomaly is only observed in a 
relatively evolved granite. Extended N-MORB normalized 
trace element patterns also display features that are typical of 

arc magmas, such as Large Ion Lithophile Elements (LILE) 
enrichment relative to the High Field Strength Elements 
(HFSE). It is possible that fluid mobile elements like Cs, Rb, 
and Ba were perturbed by weathering and/or metamorphism; 
but high LILE/High Field Strength Elements ratios are also 
coupled with relative enrichment in Th (i.e. high Th/Nb 
ratios), which are considered as fluid immobile. This suggests 
that the “arc-like” geochemical signatures of these magmas 
were likely acquired by crustal inputs, either in the form of 
subducted sediments or by crustal contamination during 
ascent. Yet the Th/Nb ratios of the least evolved calc-alkaline 
orthogneisses are higher than those of similarly evolved 
tholeiitic metabasalts, strongly suggesting a primary origin in 
a magmatic arc environment.

Pelitic gneisses are silica and potassium-rich and 
have overall chemical characteristics that are typical of 
hemipelagic sedimentation (e.g. samples Gt0309, Gt0314, 
Gt0360 in Table 2). They are LREE enriched, with either flat 
or depleted HREE, and usually display negative Eu anomalies. 
Incompatible trace element patterns also display mature 
upper crustal features, with highly enriched LILE/High Field 
Strength Elements ratios that are coupled with negative Sr 
and TiO2 anomalies (Fig. 5C). Interestingly, Nb/Ta ratios 
are also unusually high for upper crustal lithologies (up to 
~60), probably indicating a preferential mobilization of Ta 
during metamorphism.

Distinct magmatic phases from El Chol migmatites 
have different compositions. A sample taken from the 
melanosome (Gt0334, Table 2) has the chemical character 
of an enriched oceanic basalt, with relatively high Nb-Ta 
contents and fractionated REE patterns. In contrast, the 
leucosome (Gt0333) is silica-rich and trondhjemitic 
(K2O/Na2O=0.3). The incompatible trace element pattern of 
the leucosome displays strong positive anomalies in LILE, 
K2O, Pb and Sr that are not accompanied by equivalent 
enrichments in elements like Th and U. Y and the HREE 
are strongly depleted when compared to the LREE, but the 
trondhjemitic leucosome also displays a distinctive concave 
upward pattern in which elements like Ho and Er have the 
lowest relative concentrations (Fig. 5D). Also noteworthy is 
that Zr and Hf are enriched when compared to their nearest 
neighbors, and form a distinctive positive anomaly. These 
chemical characteristic are indicative of melting under 
garnet amphibolite facies conditions (Foley et al., 2002).

Nd isotopic compositions were recalculated to 
225Ma in accordance to the most important magmatic 
and recrystallization event recorded by U-Th/Pb 
geochronology (see below). All amphibolites have 
positive εNd (up to ~10) values that are close to those 
of the calculated depleted upper mantle for that age. In 
contrast, orthogneisses are less radiogenic (εNd=3.23 
to -1.95), with isotopic values that correlate negatively 
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with SiO2 and Th/Nb ratios (Fig. 6A, B). As it is 
commonly observed in ancient upper crustal lithologies, 
pelitic gneisses have very negative εNd (εNd=-10), with 
values that are even less radiogenic than the Ordovician 
Rabinal Granite. Interestingly, the melanosome at El 
Chol has a positive εNd whereas the trondhjemitic 
leucosome displays a very negative value, indicating 
that both components are genetically unrelated and that 
additional crustal lithologies underwent partial melting.

Geochronology

Gt 0315

Sample Gt0315 is a pegmatite which intrudes a gabbroic 
boudin neck in the locality of Quebrada Honda. Zircons 

separated from this pegmatite are colorless to pale pink, 
quite large (up to 280µm in length) and range in shape from 
large prismatic to stubby. Under cathodoluminescence 
they are mostly unzoned and characterized by low 
luminescence, although some show a faint sector-zoned to 
patchy-zoned cores, sometimes surrounded by moderately 
luminescent, faintly oscillatory-zoned rims (examples in 
Fig. 7).  A total of 30 analyses were performed on 30 zircons 
belonging to this sample. The cores have an average age 
of 982±12Ma (Fig. 8A), as well as high Th/U ratios and 
typical REE anomalies indicative of igneous origin (e.g., 
Rubatto, 2002 and Fig. 9A). The overgrowths, as well as 
those zircons which show a uniform cathodoluminescence, 
have very low Th/U ratios of less than 0.01, and show 
LREE depletion compared to HREE (Fig. 9B). The mean 
206Pb/238U age of 74+3/-1Ma obtained on such overgrowths 

Gt 0315

838±4

218±1

74±1

182±2253±2

265±1

249±1

443±2

222±2 504±4

231±1

225±2221±2

221±2

219±1

225±1

230±2

Gt 0320
70.2±0.4

Gt 0319

Gt 0405

Gt 0321

359±3

218±2

215±2

451±2451±3

243±1237±1

Gt 0332

Gt 0318

Figure 7, Solari et al., 2010

215±15

235±2
217±2

997±28

75±2

246±2

1073±36

Cathodoluminescence image of some representative zircons analyzed in this work. The circles represent the 34µm LA-ICPMS analyzed spot.FIGURE 7



L . A .  S O L A R I  e t  a l .

G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 5

Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala

340

data-point error ellipses are 2�data-point error ellipses are 2�

P
b
/ 
  
U

2
0

6
  
  
  
  
  
2

3
8

8

6

4

2

0
300 700 1100

Age (Ma)

10

B) Gt0318

0.00

0.04

0.08

0.12

0.16

0.0 0.4 0.8 1.2 1.6 2.0

100

500

900
A) Gt0315
Intercepts at

& 982.0±12.0   [±13]  Ma62.9±3.6

MSWD = 1.5

0.0 0.4 0.8 1.2 1.6

A
g
e
 (

M
a
) 80

72

Mean: 74.0 +3.0 -1.0 Ma
(96.9% conf. from coherent
group of 6)

box heights are 2�

0.00

0.04

0.08

0.12

0.16

P
b
/ 
  
U

2
0

6
  
  
  
  
  
2

3
8

Mean: 226.0 +1.0 -1.0 Ma (95.9%
conf. from coherent group of 20)

245

225

205

0.04

0.08

0.12

0.16

1.61.20.80.40.0

500

100

900

A
g
e
 (

M
a
)

C) Gt0319
Intercepts at
206.0 5 [ & 1056±30   [±31]  Ma
MSWD=3.3

± .6  ±5.7]

0.22 0.26 0.30 0.34 0.38

D) Gt0320

235

A
g
e
 (

M
a
)

225

215

300

260

0.032

0.040

0.048

Mean: 226.0 +1.0 -2.0 Ma
(97.3% conf. from coherent
group of 21)

P
b
/ 
  
U

2
0

6
  

  
  

  
  

2
3

8

0.00

0.04

0.08

0.12

0.16

0.0 0.4 0.8 1.2 1.6 2.0

200

600

1000
E) Gt0321

Mean: 213.5 +2.5 -3.5 Ma (97.9%
conf. from coherent group of 10)

box heights are 2�

A
g
e
 (

M
a
)

250

230

210

190

Intercepts at
205.0 17.0 & 1106.0±44.0  Ma
MSWD=2.0

±

0.00

0.04

0.08

0.12

0.16

0.20

0.4 0.8 1.2

200

600

1000

1.6 2.0 2.4

F) Gt0332

6

4

2

0
400 800 1200

Age (Ma)

Intercepts at
305.0 33.0 & 1061.0±24.0 [ Ma
MSWD=13

± ±25]

600

200

1000

G) Gt0309
0.20

0.16

0.12

0.08

0.04

2.01.61.20.80.40.0

Intercepts at
220 5 & 954 17 [ Ma
MSWD= 7.3

18]± ± ±

P
b
/ 
  
U

2
0

6
  

  
  

  
  

2
3

8

0.20

0 1 2

0.24

3

H) Gt0341

400

600

1000

800

1400

1200

0.08

0.12

0.16

0.04

280

360

440

520

600

A
g

e
 (

M
a

)

Mean: 449.0 +1.0 -3.0 Ma (96.5%
conf. from coherent group of 15)

Intercepts at
435 20 & 1398 77 Ma
MSWD= 20

± ±

J) Gt0405

0.08

0.12

0.16

Intercepts at
271 38 & 742 86 Ma
MSWD =5.4

500

900

Mean: 243.0 +3.0 -3.0 Ma (96.9% conf.
from coherent group of 6)

Mean: 450.0 +2.0 -4.0 Ma (96.1% conf.
from coherent group of 9)

A
g
e
 (

M
a
)

200

400

600

800

0.04

1.61.20.80.4

I) Gt031130.20

0.16

0.12

0.08

0.6 1.0 1.81.4 2.2

800

Intercepts at
466 27 & 1096 17 [ Ma
MSWD= 1.3

19]± ± ±

P
b
/ 
  
U

2
0
6
  

  
  

  
  

2
3

8

F
ig

u
re

 8
, 
S

o
la

ri
 e

t 
a
l.
, 
2
0
1
0

207 235
Pb/ U

207 235
Pb/ U

U-Pb concordia diagrams of the samples dated by LA-ICPMS. Concordia, ages and errors are calculated using Isoplot 3.7 (Ludwig, 2008). 
The mean 206Pb/238U ages in the insets, 2-sigma errors and outlier filtering are calculated with the TuffZirc algorithm of Ludwig and Mundil (2002). 
For those samples containing abundant detrital zircons, i.e. A, C, G, and I, the inset diagrams are combined histograms and probability density plots. 
Preferred ages are common-Pb corrected using the algebraic method of Andersen (2002). 206Pb/238U ages are used if <1000Ma, whereas 207Pb/206Pb are 
used if >1000Ma. See text for further explanations.

FIGURE 8



G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 5

L . A .  S O L A R I  e t  a l . Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala

341

is interpreted as indicating the recrystallization under high-
grade metamorphic conditions (concordia of Fig. 8A).

Gt 0318

This sample is a high-grade metasedimentary rock 
cropping out in Los Altos, northeast of Pachalum (Fig. 2). It 
is made up of garnet, relic omphacite, white mica, hornblende 
and interstitial plagioclase. Rutile is present as an accessory 
mineral, often surrounded by titanite rims. We performed 
45 U-Pb analyses on 45 zircons separated from this sample, 
9 of which were discarded due to their large discordance. 
Zircons are in general elongated to ovoidal in shape, with 
polished terminations typical of sedimentary transport. 
Under cathodoluminescence they show complex zoning, 
with presence of inherited cores surrounded by variably 
luminescent overgrowths (examples in Fig. 7). The dated 
zircons yield a main cluster at 245Ma followed by other 
minor ones at 182, 895, 930, and concordant zircons at 
125, 505, and several others between 606 and 1007Ma 
(concordia of Fig. 8B). Although the main provenance 
is thus Triassic, the few Jurassic to Cretaceous zircons 
indicate a young episode of sedimentation in the 
southern Sierra de Chuacús, postdated by high-grade 
metamorphism. 

Gt 0319

This is a foliated gabbro cropping out in Los Limones 
locality, principally composed of clinopyroxene, garnet, 
plagioclase, minor biotite, titanite and opaque minerals. 
We dated 60 crystals by LA-ICPMS, 6 of which were 
discarded because their discordance was more than 10%. 
Under cathodoluminescence, the imaged zircons show a 
predominance of oscillatory (i.e., igneous) growth, with 
only minor bright overgrowths developed on some of the 
crystals (Fig. 7). Both oscillatory-zoned cores, as well 
as overgrowths, show an almost indistinguishable age 
pattern with a mean 206Pb/238U age of 226±1Ma. This age is 
interpreted as indicating the crystallization of the gabbroic 
protolith (concordia of Fig. 8C).

Gt 0320

Gt 0320 is an intermediate igneous rock composed of 
plagioclase, clinopyroxene, hornblende, opaque minerals, 
biotite, titanite, cropping out nearby sample Gt 0319. 
Cathodoluminscence shows the ubiquitous presence of 
oscillatory zoning, with eventual thin, high-luminescent 
rims developed around cores (Fig. 7). We dated 41 
crystals belonging to this sample. Five analyses were 
omitted because of having >10% discordance. There is no 
inheritance in any of the dated crystals and therefore the 
mean 206Pb/238U age of 226+1/-2Ma is interpreted as an 
indication the crystallization of this sample (Fig. 8D).

Gt 0321

This is a granodioritic orthogneiss, intensely foliated, 
cropping out in the Barranca Agua Caliente. Leucocratic 
bands, such as the one dated, contain mafic pods up to 30cm 
in size, which were recognized as retrogressed eclogites 
(cf. Ortega-Gutiérrez et al., 2004). Zircons separated from 
this sample are up to 350µm in size and pale yellow to 
dark red in color. Under cathodoluminescence, they show 
a frequent presence of oscillatory-zoned cores, surrounded 
by variably developed zones of oscillatory overgrowths. 
Of the 50 analyses which were performed on 50 zircons 
belonging to this sample, 17 were discarded because 
they were highly (17-42%) discordant, probably as a 
consequence of partial Pb loss. The other analyses yield a 
poorly defined Grenvillian upper intercept (1106±44Ma) 
and a cluster of concordant to slightly discordant analyses 
corresponding to the lower intercept (Fig. 8E). Such analyses, 
showing an igneous Th/U ratio well above 0.05, yield a 
206Pb/238U weighed mean age of 213.5+2.5/-3.5Ma, which is 
regarded as the best approximation of the crystallization 
age of this granodiorite.

Gt 0332

This sample belongs to a leucosome migmatitic 
orthogneiss of El Chol (Fig. 2). The poly-deformed leu-
cocratic bands are interlayered, and some still preserve 
relict eclogitic assemblages. Previous U-Pb TIMS 
dating of zircons belonging to this sample yielded 
discordant results, with a lower intercept of 302±52Ma 
and an upper intercept of 1024±78Ma (Ortega-Gutiérrez 
et al., 2004). The lower intercept was interpreted as the 
age of migmatization. 

The zircons selected for LA-ICPMS are of variable 
size, between 80 and 350µm. They are stubby to 
multifaceted and prismatic, and show a light pink to red 
color. Under cathodoluminescence they generally present 
one or two episodes of variably luminescent overgrowths, 
developed around more or less preserved relict cores. The 
cores often show oscillatory zoning (Fig. 7). U-Pb dating 
stresses the extreme complexity of such samples, and the 
record of several distinct events. The inherited cores are 
generally concordant, and broadly Grenvillian in age, 
ranging between ~900 to ~1100Ma (Fig. 8F). Their Th/U 
ratios (>>0.01) as well as the REE pattern, with marked 
positive Ce and negative Eu anomalies, strongly confirm 
the igneous nature of the protolith (Fig. 9C and Table I 
(electronic appendix in www.geologica-acta.com), (e.g. 
Hoskin and Schaltegger, 2003). The data obtained on the 
overgrowth analyses indicate the presence of at least two 
different events. A first recrystallization event occurred 
during the Mississippian (324-348Ma). The second 
overgrowth developed during the Triassic - Latest Permian 
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(218-253Ma), generating thin oscillatory bands under CL 
(Fig. 7). In all the overgrowth episodes the corresponding 

Th/U ratios are lower than igneous cores, and their REE 
patterns indicate an overall depletion in LREE (La to Eu) 
with respect to HREE (Gd to Lu), indicating the possible 
interaction with high-grade metamorphic fluids (Fig. 9D).

 
Gt 0309

This sample is a pelitic metasedimentary rock 
made up of garnet, kyanite, phengite, quartz, biotite, 
plagioclase and abundant rutile. It crops out in the 
southern Sierra de Chuacús (Fig. 2), north of the unpaved 
road which connects Pachalúm with Caquíl. Separated 
zircons range between 40 and 320µm in size. They show 
different colors, varying between dark to pale red, and 
colorless to amber. They also show a different degree 
of roundness. One hundred crystals were analyzed, 
one analysis each, and 6 of them were discarded due 
to >10% discordance. Of the remaining grains, several 
yield Proterozoic frequency maximums at 915, 941, 961, 
and 1106Ma (Fig. 8G). Some younger grains are also 
concordant (e.g. between ~690 to ~702Ma), however 
the vast majority are slightly discordant. The lower 
intercept of such discordant grains is 220±5Ma. We 
interpret this lower intercept as indicative of the thermal 
event responsible for metamorphism and deformation of 
the sedimentary protholith, as well as for Pb loss in the 
variably discordant zircons.

Gt 0341

This orthogneiss crops out along the paved road which 
connects El Rancho with Cobán, near the turn off to Salamá 
(Fig. 2). It is made up of quartz, plagioclase, k-feldspar 
augens mantled by biotite and minor white mica. Pyrite 
is quite abundant as an opaque mineral. The concentrated 
zircons are colorless to pale colored, with yellow to 
orange tonalities. A total of 50 analyses were performed 
on 50 crystals and only one was discarded because of 
having >10% discordance. The remaining crystals define 
a principal cluster around 440Ma (concordia of Fig. 8H), 
with a weighted 206Pb/238U mean of 449+1/-3Ma, which is 
interpreted as the crystallization age of this sample (Fig. 8H 
inset). Few zircons are inherited from the source, and only two 
yield younger discordant ages, probably as a result of Pb loss.

Gt 03113

Sample Gt03113 is a granitic dike that cuts across 
high-grade metamorphic rocks (garnet+amphibole) in 
the northern Chuacús Complex (Fig. 2). Few zircons 
were concentrated from this sample. They are dark red, 
short prismatic, and in general show abundant cracks 
and inclusions. Only 30 analyses were performed on 
30 selected crystals, 3 of which were discarded because 
of >10% discordance. The remaining analyses define a 
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well constrained upper intercept at 1096±17Ma, several 
variably discordant grains younger than 1100Ma and 
also a well constrained lower intercept at 466±27Ma, 
underlined by two analyses of crystal rims (Fig. 8I). Two 
interpretations are possible: either the upper intercept 
defines the crystallization age of the pegmatite, and the 
lower is coincident with a tectonothermal disturbance, 
or the upper intercept represents the inheritance from the 
protolith, and the lower intercept is the true crystallization 
age. Several features suggest that the last interpretation is 
correct: 1) all the analyzed grains have a high Th/U ratio, 
indicative of igneous crystallization; 2) the pegmatite is 
undeformed and does not show any metamorphism; 
and 3) its outcrop is in close vicinity with sample Gt0341, 
which has a similar age, and with the Rabinal granite suite, 
which also yielded Ordovician crystallization ages (e.g. 
Ortega-Obregón et al., 2008).

Gt 0405

This is a migmatitic gneiss which crops out in the 
southern Sierra de Las Minas, which has been considered 
as the eastern continuation of the Chuacús Metamorphic 
Complex. It is exposed along the Pasabien River, 5km 
northwest of Río Hondo. The gneiss is made up of up to 
20cm thick leucocratic bands (quartz - plagioclase feldspar 
- biotite ± muscovite) alternated with garnet - amphibole 
- biotite pla gioclase horizons. Abundant zircons were 
separated from this sample. They range from 40 to 350µm 
in size, and are colorless to intensely red-amber colored. 
A total of 55 LA-ICPMS analyses were performed on 55 
selected grains, 14 of which were rejected because of more 
than 10% discordance (Table I, electronic appendix in 
www.geologica-acta.com). The remaining analyses define 
a bimodal distribution in the concordia diagram of Fig. 8L, 
with two principal peaks at 450+2/-4Ma and 243±3Ma. 
Whereas the older age group corresponding to igneous 
cores (see cathodoluminescence images of Fig. 7) is readily 
interpreted as indicating an Ordovician magmatic event, the 
younger age group is more complex, being characterized 
by a series of 17 analyses straddling concordia between 
255 and 220Ma. Moreover, those analyses are probably a 
mix of different zircons: igneous zircons characterized by 
Th/U ratios >0.1 and a mean 206Pb/238U age of 249.5±2Ma 
and dark red, high-U, metamict zircons with a Th/U ratio 
<0.02 and 206Pb/238U ages comprised between 243 and 
220Ma. These last ages reflect a high-grade event maybe 
coincident with migmatization, which is responsible for 
the variable Pb loss in some of the analyzed zircons. 

dISCuSSIOn

The new data presented in this paper on the Chuacús 
Metamorphic Complex allow a better definition of the 

tectonothermal events that affected it, as well as its possible 
paleogeographic settings. Three main events are discussed: 
1) Ordovician magmatism, 2) Triassic magmatism 
and metamorphism and its tectonic implications, and 
3) Late Cretaceous magmatism and metamorphism. The 
autochthonous vs. allochthonous nature of the Chuacús 
Metamorphic Complex with respect to the Maya Block 
will be discussed at the end of this chapter.

Ordovician magmatism

Although Grenvillian and other Mesoproterozoic 
inherited ages are present in most rocks, they are in general 
overprinted, or reworked by Ordovician magmatism at the 
southern edge of the Maya Block, as previously reported 
for the Rabinal-Salamá area of central Guatemala by 
Ortega-Obregón et al. (2008) who dated S-type granites 
between 455-462Ma. Ordovician bodies are also present 
nearby the Chiapas Massif of SE México, where Pompa-
Mera et al. (2008) dated an S-type granite at 482±3Ma 
and an amphibolite at 456±14Ma (U-Pb, single-grain 
zircons), as well as in the Altos Cuchumatanes, where 
Solari et al. (2010a) reported an undeformed granite whose 
crystallization age was dated at 461+6/-3Ma. In Belize the 
magmatism is mainly Silurian, dated at ~410Ma (Martens 
et al., 2010). In the northern Sierra de Chuacús Ordovician 
magmatism is represented by orthogneisses and pegmatitic 
dikes (samples Gt0341 and Gt03113, respectively), which 
intrude greenschist facies metasediments belonging either 
to the San Gabriel unit or the Chuacús Metamorphic 
Complex (cf. Solari et al., 2009). Bimodal magmatism is 
widespread in the Acatlán Complex of southern México 
and associated to rifting of the Rheic Ocean (e.g. Miller 
et al., 2007; Ortega-Obregón et al., 2009). In northwestern 
México the Río Fuerte Formation (Late Ordovician) 
contains magmatic zircons of both Ordovician and 
Cambrian age (Vega-Granillo et al., 2008). Ordovician 
magmatism has been documented as well all around the 
Rheic Ocean realm, generally represented by continental, 
within-plate tholeiites and as felsic magmas originated by 
crustal melting of Neoproterozoic and Mesoproterozoic 
basement (Murphy et al., 2009, 2010, and references 
therein). Thus, the presence of some Ordovician rocks in 
the northernmost Chuacús Metamorphic Complex (sample 
Gt0341), as well as in the nearby Sierra de Las Minas 
(sample Gt0405) cannot be used as conclusive evidence to 
establish its autochthony relative to the Maya Block sensu 
strictu (cf. Ortega-Gutiérrez et al., 2007; Ortega-Obregón 
et al., 2008).

upper Triassic magmatism and metamorphism

Ordovician magmatism was not recognized in the 
higher grade central and southern Sierra de Chuacús, 
where the main magmatic event is Upper Triassic (218-
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226Ma, samples Gt0319, Gt0320, Gt0321) and has an arc-
like geochemical signature. This magmatic event is also 
coincident with the tectonothermal event responsible for 
migmatization in El Chol (sample Gt0332) and Sierra de 
Las Minas (sample Gt0405). Because remnants of eclogite-
facies mafic rocks are present within these deformed 
migmatites, and are also recognized as deformed lenses 
nearby the felsic orthogneisses (sample Gt0321, 218Ma) 
of Agua Caliente River (cf. Ortega-Gutiérrez et al., 2004), 
we interpret such Upper Triassic ages to be younger 
than the eclogite-facies metamorphism of the Chuacús 
Metamorphic Complex. It is interesting to note that none 
of the S-type Ordovician granites cropping out north 
of the Sierra de Chuacús (Rabinal-Salamá area), along 
the Baja Verapaz shear zone of Ortega-Obregón et al. 
(2008) contain xenoliths of eclogite-facies mafic rocks. 
This suggests that the eclogite facies metamorphism 
is constrained between the age of emplacement of the 
Ordovician granites and the Triassic arc magmas. 

Late Cretaceous magmatism and metamorphism

Late Cretaceous metamorphic overprint is present 
in many of the Chuacús Metamorphic Complex rocks 
(e.g., Ortega-Gutiérrez et al., 2004, and references 
therein; Martens et al., 2007; Raschbacher et al., 2009). 
Some pegmatites were also generated by high-grade 
metamorphism during the Late Cretaceous, and sample 
Gt0315 is a clear example of this. Late Cretaceous 
metamorphism was also reported in the San Gabriel 
unit (Ortega-Obregón et al., 2008), along the Baja 
Verapaz Shear Zone, during overthrusting of the Chuacús 
Metamorphic Complex on top of the southern Maya Block 
edge. High-pressure metamorphism is also evidenced in 
several Ar-Ar ages calculated in phengites belonging 
to the Motagua mélange, which yielded 77-65Ma 
(Harlow et al., 2004) and were interpreted as the result 
of the Late Cretaceous collision of the Nicaragua Rise 
with the southern edge of the Maya Block. Tectonic 
convergence between the northern Caribbean and the 
southern North American plates caused subduction of the 
Chuacús Metamorphic Complex and HP-HT conditions 
followed by its exhumation, as well as by the northward 
obduction of El Tambor ophiolites and closure of the 
Proto-Caribbean Ocean along the paleo Motagua Suture 
Zone (e.g. Brueckner et al., 2009; see also García-Casco 
et al., 2008 for correlation with the Antilles).

Allochthony vs. autochthony of the Chuacús Meta-
morphic Complex with respect to the Maya Block

The Chuacús Metamorphic Complex constitutes 
the highest-grade metamorphic complex of all Central 
America. Major faults bound the complex to the north 
(Baja Verapaz) and south (Motagua fault system), and 

no similar rocks occur beyond those faults. Although the 
Chuacús Metamorphic Complex occurs next to typical 
Maya cover and basement units of pre-Jurassic age, its 
youngest cover is of Neogene age, and thus, in principle, 
it should be considered a suspect tectonostratigraphic unit 
presently located between the Maya and Chortís blocks. At 
least three points must be considered to further evaluate the 
allochthonous versus autochthonous nature of the Chuacús 
Metamorphic Complex with respect to the Maya Block. 

The Maya Block north of the Baja Verapaz Shear 
Zone and, furthermore, north of the Polochic fault, does 
not record many of the tectonothermal events that have 
been recognized in the Chuacús Metamorphic Complex. 
These include HP metamorphism (e.g. Ortega-Gutiérrez 
et al., 2004; Ratschbacher et al., 2009, and this paper), 
Triassic magmatism and deformation/migmatization 
(Ratschbacher et al., 2009, and this paper), and widespread 
presence of Late Cretaceous, amphibolite facies reworking 
and magmatism (McBirney, 1963; Ortega-Gutiérrez et al., 
2004; Martens et al., 2007; Martens, 2009; Ratschbacher et 
al., 2009, and this paper).

No other basement outcrop within the Maya Block 
(Guichicovi, Chiapas Massif, Maya Mountains) shares 
geological similarities with the Chuacús Metamorphic 
Complex. For instance the Guichicovi Complex is 
composed of Grenvillian (1000-1300Ma, Weber and 
Kohler, 1999) granulites, only affected by Permian 
intrusions; whereas the Chiapas Massif is made up of 
high temperature gneisses, intruded by Late Permian 
granites metamorphosed at 250-254Ma (Weber et 
al., 2005), and later covered by Jurassic red beds 
(Blair, 1988). The Maya Mountains are constituted by 
Silurian plutons, Devonian (and older) strata, covered 
by Early Devonian volcanics and sedimentary rocks 
of late Paleozoic age (Martens et al., 2010). None of 
the aforementioned units contain high pressure rocks. 
Furthermore the Chuacús Metamorphic Complex is 
characterized by the absence of Devonian and Permian 
ages, as well as by the absence of any sedimentary 
cover older than the Cenozoic. 

The voluminous Late Permian granitic magmatism, 
recently dated by Schaaf et al. (2002) and Weber et al. 
(2005) in the Chiapas Massif, as well as by Solari et al. 
(2010a) in the Altos Cuchumatanes, is not represented 
by detrital zircon ages in any of the more than 500 
zircons dated in this work. Furthermore, volcanic units 
in the Jurassic Todos Santos Formation, cropping out 
in Chiapas state, and farther to west, in the Cuicateco 
terrane of southern México, were recently dated by 
Godínez-Urban et al. (2011) and Pérez-Gutiérrez et al. 
(2009), respectively, and yet none of the dated samples 
show the presence of Middle-Upper Triassic zircons, 
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such as those dated (213-226Ma) in this work. Although 
these features may not be considered as conclusive and 
further studies will be needed, they strongly support the 
allochthony of the Chuacús Metamorphic Complex with 
respect to the Maya Block. 

On the other hand, correlation of the Chuacús 
Metamorphic Complex with the Chortís Block to the south 
of the major Guatemalan faults may be also discarded 
because the Chortís Black lies in on a different plate (the 
Caribbean plate, which is considered a far traveled unit 
originated in the Pacific). Moreover basement units in this 
block that are most proximal to the Chuacús Metamorphic 
Complex radically differ in fundamental geologic aspects, 
such as protoliths and contrasting metamorphic conditions 
(HP/HT in the Chuacús Metamorphic Complex, versus 
HT/LP in Las Ovejas Complex, or very low grade 
metamorphism of the pre-Mesozoic San Diego phyllite, 
Solari et al., 2009; Ratschbacher et al., 2009, and references 
therein).

Paleozoic-Triassic paleogeographic reconstructions

Paleogeographic reconstructions for the Late 
Ordovician–Early Silurian and Permo-Carboniferous 
suggest that the present southern edge of the Maya 
Block was located adjacent to northeastern México (e.g., 

Dickinson and Lawton, 2001; Keppie et al., 2006, 2008a; 
Weber et al., 2008) (Fig. 10A). These interpretations also 
agree with the Permian paleomagnetic data of Steiner 
(2005). 

In these models, Paleozoic rocks of the Rabinal-Salamá 
area, just north of our studied area, would have lain close 
to NE México, north of Oaxaquia and near the Mixteco 
terrane, where megacrystic granites intruded a passive-
margin sedimentary sequence older than ~460Ma (e.g., 
Nance et al., 2006). Those terranes would have been 
located close to northwestern Gondwana until the closure 
of the Rheic Ocean accompanying the amalgamation of 
Pangea in the late Carboniferous-Permian (e.g., Nance 
and Linnemann, 2008). The S-type granites cropping out 
to the north of the studied area could have been produced 
by partial crustal melting during the Cambro-Ordovician 
rifting episode coincident with the initial stages of the 
opening of the Rheic Ocean and the separation of Avalonia 
from Gondwana (e.g., Murphy et al., 2004).

This suggestion is in agreement with the zipper tectonics 
model invoked by Martens et al. (2010), which would 
explain the Silurian-Devonian shifting of magmatism 
to the Maya Mountains of Belize during subsequent 
extension related to the opening of the Rheic Ocean. 
From the Early Pennsylvanian to Permian, the oblique 
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convergence between Laurentia and Gondwana apparently 
caused the development of an E-dipping subduction zone 
with the onset of a new phase of magmatism in the Altos 
Cuchumatanes (312-317Ma, Solari et al., 2009), and the-
reafter in northwestern and eastern México (e.g. Torres 
et al., 1999), the Mixteco terrane (~288Ma, Yañez et al., 
1991), the Oaxacan Complex (~275Ma, Solari et al., 2001), 
and in the Chiapas Massif  (~272Ma, Weber et al., 2007).

In this scenario, the Chuacús Metamorphic Complex 
protoliths could have been deposited in a marginal basin 
receiving minor input of Ordovician zircons during 
the Silurian, as demonstrated by their presence in one 
metasedimentary sample dated by Solari et al. (2009) in 
the northernmost Sierra de Chuacús (Fig. 10A). 

The proposed time constraint on HP metamorphism 
in the Chuacús Metamorphic Complex (Mid Ordovician 
to Upper Triassic) is roughly coincident with HP 
metamorphism reported in the Acatlán Complex of southern 
México, which was dated as Devonian and was exhumed 
during the Mississippian (e.g., Keppie et al., 2008). In this 
view, the Chuacús Metamorphic Complex would have 
been subducted during the Devonian and metamorphosed 
at high-grade conditions during the closure of the Rheic 
Ocean in the late Paleozoic. Exhumation would have taken 
place causing decompression melting, magmatism and 
migmatization in the Late Triassic (218-226Ma, Fig. 10B). 
The Triassic ages in the Chuacús Metamorphic Complex 
are only slightly younger than those of the Permo-Triassic 
arc of Chiapas (e.g. Weber et al., 2007), and this can be 
explained by an easternmost position for the Chuacús 
Metamorphic Complex in the evolving E-directed, 
proto-Pacific magmatic arc active since the Permo-
Triassic (Fig. 10B).

COnCLudInG ReMARkS

The discovery of high-grade metamorphic conditions 
in the Chuacús Metamorphic Complex of central Guatemala 
(Ortega-Gutiérrez et al., 2004) has awoken interest and 
appreciation as a key element for the geologic evolution 
of the Caribbean region. This contribution presents new 
geochronologic and geochemical data of some of the most 
distinctive lithologies of the complex, and provide important 
constraints to understand this formerly neglected piece of 
the Caribbean-North America tectonic realm. Indeed, the 
new results appear to be inconsistent with previous tectonic 
interpretations that considered the Chuacús Metamorphic 
Complex to be related to the Chortís-Maya collision, 
and instead support an independent evolution and an 
allochthonous provenance. Nevertheless we recognize that 
further research must be dedicated to address some other 
important questions that are still poorly understood, or that 

remained largely unexplored: Among those we can suggest 
the following:

The existence of ultrahigh pressure metamorphism 
(UHP) once suggested by (Ortega-Guitérrez et al., 2004) for 
the Chuacús Metamorphic Complex has yet to be confirmed. 
Nevertheless, intriguing minerals and peculiar textural 
features, coupled with thermobarometric calculations that 
approach such conditions, keep this possibility open for 
future petrologic work in the eclogitic domains that resisted 
retrogression inside the high-pressure gneisses.

It is still uncertain if the Chuacús Metamorphic Complex 
experienced only one eclogite-facies metamorphic event. 
Although there is clear evidence for a mid-late Paleozoic 
tectonothermal event, a pervasive Late Triassic magmatism 
and metamorphism as well as an intense Cretaceous 
tectonothermal overprint throughout most of the sequence; 
further and more detailed studies are needed to elucidate 
the kinematic history of its protracted tectonic evolution. 
In particular, the structural and kinematic history of the 
Chuacús Metamorphic Complex has remained almost 
unattended, despite its basic importance.

Finally, the lithotectonic nature of Chuacús Metamorphic 
Complex protoliths, as preliminary described in this work, 
should in the near future be an attractive target to unravel 
what is, perhaps, the most important question that has not 
been satisfactorily answered: Where does the Chuacús 
Metamorphic Complex come from, and which were its 
connections to the now adjacent Maya and Chortís blocks?
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G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 5

Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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L . A .  S O L A R I  e t  a l . Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
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Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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L . A .  S O L A R I  e t  a l . Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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L . A .  S O L A R I  e t  a l . Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 5

Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
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L . A .  S O L A R I  e t  a l . Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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L . A .  S O L A R I  e t  a l .

G e o l o g i c a  A c t a ,  9 ( 3 - 4 ) ,  3 2 9 - 3 5 0  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 5

Paleozoic-Mesozoic evolution of the Chuacús Complex, Guatemala
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