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Serpentinites and serpentinites within a fossil subduction
channel: La Corea mélange, eastern Cuba
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| ABSTRACT |

A variety of metaultramafic (serpentinite) rocks in La Corea mélange, Sierra de Cristal, eastern Cuba,
show differences in chemical, textural and mineralogical characteristics demonstrating a variety of protoliths. The
mélange originated during the Cretaceous as part of the subduction channel associated with the Caribbean island
arc. This mélange contains high pressure blocks in a serpentinite matrix and occurs at the base of the large tabular
Mayari-Cristal ophiolite. Two principal groups of serpentinites have been identified in the mélange: a) antigorite
serpentinite, mainly composed of antigorite and b) antigorite-lizardite serpentinite, composed of mixtures of
antigorite and lizardite and bearing distinctive porphyroblasts of diopsidic clinopyroxene. Antigorite serpentinites
are closely related to tectonic blocks of amphibolite (representing subducted MORB) and constitute deep fragments
of the serpentinitic subduction channel formed during hydration of the mantle wedge. The composition of the
antigorite-lizardite serpentinites and the presence of clinopyroxene porphyroblasts in this type of rock suggest
that abyssal lherzolite protoliths transformed into serpentinite before and during incorporation (as tectonic blocks)
in the shallow part of the subduction channel. Although the studied rocks have different origin, mineralogical
compositions and textures, they display similar PGE compositions, suggesting that these elements experienced no
significant redistribution during metamorphism. Both types of serpentinites were exposed together in the La Corea
mélange during the Late Cretaceous, during obduction of the overriding Mayari-Baracoa ophiolitic belt that led to
exhumation of the subduction channel (mélange).
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INTRODUCTION

Ophiolite-related ultramafic rocks, commonly strongly
serpentinized, appear along the margins of Caribbean Plate,
being most abundant in the northern edge, principally in
Cuba (Lewis et al., 2006a and references therein). These
ultramafic rocks represent fragments of oceanic and sub-
arc lithospheric mantle that were altered, completely or
partly, to serpentinites by fluids during their evolution
and accretion to the Caribbean orogenic belt. In Cuba,
these ophiolitic bodies are related to serpentinite-matrix
mélanges containing high-pressure (HP) blocks of different
origin and composition (e.g. Garcia-Casco et al., 2006, and
references therein). These mélanges can be interpreted
as the exhumed subduction channel of the Caribbean
subduction zone (e.g. Gerya et al., 2002).

Two serpentinite-matrix mélanges have been docu-
mented in eastern Cuba, 100km apart (Fig. 1): La Corea and
Sierra del Convento mélanges (Somin and Milldn, 1981;
Garcia-Casco et al., 2006). The origin and evolution of the
HP (garnet-epidote amphibolite and blueschists) blocks
from both mélanges has been studied by Garcia-Casco et
al. (2006, 2008a), Lazaro and Garcia-Casco (2008), Lazaro
et al. (2009) and Blanco-Quintero et al. (2010). However,
no detailed petrological and geochemical studies have been
performed to characterize mélange serpentinites.

The serpentinitic rocks present in La Corea mélange
have mineralogical and geochemical characteristics that
indicate varied P-T conditions of formation and variable
protoliths. The mélange formed during Cretaceous times in
response to SW-dipping subduction beneath the northern
Caribbean plate. In this paper we provide new petrological
and geochemical data of representative serpentinite
samples from the La Corea mélange in order to evaluate
its nature, the environments of formation of serpentinites,
and the implications for tectonic interactions between the
Caribbean and North American plates.

GEOLOGICAL SETTING

The Cuban fold and thrust belt formed during Mesozoic
to middle Eocene times in the active Caribbean-North
American plate margin. It is now accreted to the southern
margin of the North American plate (Fig. 1A). The
Cuban orogenic belt includes several imbricated geologic
complexes, including fragments of the Caribean terrane
(Cangre, Pinos, Escambray and Asuncién metamorphic
complexes), the Bahamas platform (Cayo Coco,
Remedios, Camajuani belts), the margin of the Maya block
(the Guaniguanico terrane), two different volcanic arc
complexes of Cretaceous and Paleogene ages respectively,
ophiolite bodies forming the northern and eastern ophiolite
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belts, and syn- and post-orogenic sedimentary basins
(Iturralde-Vinent, 1998; Iturralde-Vinent et al., 2006, 2008;
Garcia-Casco et al., 2008b).

The most important tectonic units in northeastern Cuba
are the ophiolites and the Cretaceous volcanic arc (Fig.
1B). Systematically the Cretaceous volcanic arc appears
tectonically below the ophiolites. The Cretaceous volcanic
arc units contain a number of basic to acid volcanic units
having distinct island arc tholeiitic, boninitic and calc-
alkaline signatures (Iturralde-Vinent et al., 2006; Proenza
et al., 2006; Marchesi et al., 2007). The age of these
formations has been paleontologically estimated to range
from early Cretaceous (Aptian-Albian) to late Cretaceous
(Campanian) times (Iturralde-Vinent, et al., 2006). The
Purial volcanic complex, located in the southern part of the
region, is metamorphosed to the greenschist and blueschist
facies (Boiteau et al., 1972; Cobiella et al., 1977; Somin
and Millan, 1981; Millan et al., 1985).

The ophiolite complex is represented by the Mayari-
Baracoa Ophiolitic Belt. This belt is constituted strongly
deformed and faulted mafic-ultramafic thrust sheets and by
the overriding Cretaceous volcanic arc and Maastrichtian-
Danian olistostromic formations related to obduction
(Iturralde-Vinent et al., 2006). The direction of tectonic
transport is NNE (Nufiez-Cambra et al., 2004), as expected
for a SW-dipping subduction zone. The Mayari-Baracoa
Ophiolitic Belt shows supra-subduction geochemical signa-
tures (Proenza et al., 1999, 2006; Gervilla et al., 2005; Mar-
chesi et al., 2006, 2007), and include the Mayari-Cristal massif
to the west and the Moa-Baracoa massif to the east (Fig. 1B).
According to Marchesi et al. (2006) Mayari-Baracoa Ophiolitic
Belt is composed of highly depleted peridotites and cumulate
gabbroic rocks. Mayari-Baracoa Ophiolitic Belt Peridotites
were highly altered (serpentinized) by seawater during the
oceanic stage (Proenza et al. 2003). The Moa-Baracoa massif
represents MORB-like back-arc lithosphere while Mayari-
Cristal is transitional (MORB to IAT) mantle located closer to
the paleo-volcanic arc (Marchesi et al., 20006).

The Mayari-Cristal massif is > 5km thick and is made
up of harzburgite tectonite hosting minor subconcordant
dunite layers and subordinate discordant microgabbro-
diabase dykes. Some authors have described a sheeted-dyke
complex in the northwestern part of the massif (e.g., Fonseca
et al., 1985), but Marchesi et al. (2006) argue that this is a
subvolcanic complex made up of massive microgabbros in
tectonic contact with harzburgite tectonites. The Mayari-
Cristal harzburgites display porphyroclastic texture. They
are clinopiroxene and generally have higher orthopiroxene/
olivine ratios than the Moa-Baracoa harzburgites (Marchesi
et al., 2006). The harzburgite tectonites show a NE-SW
oriented foliation dipping NW (Marchesi et al., 2006), and
the contact with the dunites is sharp.
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The La Corea mélange, containing high pressure
exotic blocks, is located in tectonic contact with ultramafic
rocks of the Mayari-Cristal massif (Fig. 1B). The
tectonic position of La Corea mélange suggests that this
metamorphic complex is overridden by the ophiolites, and
that both override the Cretaceous volcanic arc units and the
Maastrichtian-Danian olistostromic synorogenic rocks of
Micara and La Picota formations. The mélange is made up
of exotic blocks of diverse origin and composition (garnet-
amphibolite, blueschist and greenschist are dominant)
within a serpentinite matrix. Metamorphism of the
amphibolites evolved under high- to medium-pressure (ca.
700°C, 15kbar) related to a hot subduction environment
from high- to low-temperature following counterclockwise
P-T paths related to exhumation in the subduction channel
(Blanco-Quintero et al., 2010).

The most abundant rock type is a MORB-derived
epidote + garnet amphibolite that contains a peak me-
tamorphic assemblage made of pargasite, epidote, titanite,
rutile + quartz + garnet + phengite + plagioclase and
accessory apatite (Blanco-Quintero et al., 2010). The
amphibolite blocks are massive to banded and of metric-
size. Metaleucocratic rocks (tonalites-trondhjemites)
occur as veins and blocks intimately associated with the
amphibolites. The tonalites-trondhjemites are medium-
to coarse-grained, including pegmatitic varieties, and are
composed of quartz, albite-oligoclase, epidote, + calcic
amphibole (pargasite-actinolite) + muscovite-phengite.
These rocks formed after partial melting of subducted
MORB amphibolites at 700°C, 15kbar (Blanco-Quintero
et al., 2010). Other tectonic blocks within the mélange
include schists of variable composition and origin.
Ultramafic rocks are mainly massive to foliated antigoritite
forming the mélange matrix. Occasionally massive
antigoritite blocks are included as boudins in strongly
foliated antigorite rocks. In addition, blocks of serpentinite
with bastite crystals are surrounded by foliated antigoritite.
Masses of tremolite-actinolite rocks (composed of > 95%
radial and tabular amphibole) and other metasomatic
products of mafic and ultramafic composition are present.

Available isotopic data (Adamovich and Chejovich,
1964; Somin and Millan, 1981) indicates that the
subduction channel mélange began to form ca. 110Ma.
Final exhumation of the mélange occurred during the
initial thrusting of the ophiolitic and volcanic arc units in
the Late Campanian-Maastrichtian (Iturralde-Vinent et al.,
2006; Lazaro et al., 2009).

In this study we characterize serpentinite rocks from
the La Corea mélange, including antigorite serpentinites
(5 samples: LC-G-4, LC-M-17, LC-55, LC-56 and LC-58)
and antigorite-lizardite serpentinites (3 samples: LC-66,
LC-88 and LC-97).
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ANALYTICAL TECNIQUES

Powder X-ray diffraction (XRD) data were collected
with a Panalytical X’Pert PRO MPD X-ray diffractometer
with monochromatized incident Cu Kal radiation at 45keV
and 40mA, and equipped with a x’Celerator detector of
active length of 2.112° at the Serveis Cientificotecnics of the
Universitat de Barcelona (Spain). The patterns were obtained
by scanning powders from 4°-80° 20 on samples crushed
in an agate mortar to a particle size < 20pm. Quantitative
mineral phase analyses of samples were obtained by full
profile Rietveld refinement using powder diffraction data. The
mineral identification software used was TOPAS V3 .0.

Mineral compositions were obtained by electron
microprobe using a wavelength dispersive X-ray
spectometry (WDS-CAMECA SX 50) at the Serveis
Cientificotecnics of the Universitat de Barcelona (Spain).
Excitation voltage was 20kV and beam current 15nA.
Most elements were measured with a counting time of
10s, except for Ni (30s). The chemical data for serpentine,
clinopyroxene, talc and chlorite compositions were
normalized to 14, 6, 22 and 28 oxygens respectively,
and Fe,, = Fe?*. Garnet composition was normalized
to 8 cations and 12 oxygens, and Fe** was estimated by
stoichiometry. The atomic concentration of elements
per formula unit is abbreviated apfu. The Mg number of
minerals (Mg/(Mg+Fe?) is expressed as Mg#. Mineral
abbreviations are after Kretz (1983).

Major element compositions were determined on glass
beads, made of 0.6g of powdered sample diluted in 6g
of Li,B,0,, by a PHILIPS Magix Pro (PW-2440) X-ray
fluorescence (XRF) equipment (University of Granada,
Centro de Instrumentaciéon Cientifica, CIC). Precision was
better than +1.5% for a concentration of =10 wt% and +2%
for a concentration <10 wt%. Platinum-group element
concentrations were determined by isotopic dilution using
Inductively Coupled Plasma-Mass spectometry (ICP-MS)
after nickel sulfide fire assay, in the Genalysis Laboratory
Services Pty. Ltd. at Maddington (Western Australia) following
the method described by Chan and Finch (2001). The detection
limits were 1 ppb for Rh, and 2 ppb for Os, Ir, Ru, Pt, Pd.

PETROGRAPHY AND SERPENTINE MINERALS

On the basis of mineral assemblages and textures of
metaultramafic rocks, two principal groups of serpentinite
have been identified (Figs. 2 and 3): 1) antigorite serpentinite
and ii) antigorite-lizardite serpentinite.

Antigorite serpentinites (group I) consist mainly of

antigorite (up to 94%), with minor talc-magnesite-dolomite
(Fig.2A-D, Fig. 3A). However, some samples (e.g. LC-55)
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FIGURE 2 Cross-polarized light photographs of antigorite serpentinite (A to D) and antigorite-lizardite serpentinite (E to H). A) Nonpseudomorphic inter-
penetrating texture typical of antigorite. B) Talc-bearing antigorite serpentinite. Antigorite is partially replaced by talc. C) Kinking of talc in talc-bearing
antigorite serpentinites. D) Detail of antigorite interpenetrating texture. Antigorite grains are partially replaced by magnesite and minor dolomite. E) Por-
phyroclastic texture showing clinopyroxene (diopside). F) Clinopyroxene partly replaced by ribbons of antigorite. Antigorite is a product of recrystallization
of lizardite; G) Type-1 lizardite hourglass texture, showing the optical uniformity of lizardite across the mesh cell; H) Porphyroblastic and fine grained
diopsidic clinopyroxene.
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FIGURE 3] XRD profile refinements of representative samples of A)
antigorite- (LC-58) and B) antigorite-lizardite- (LC-88) serpentinites
showing experimental (blue), calculated (red), calculated antigorite
(turquoise), and difference (grey) profiles. The Bragg positions for all
identified mineral phases are indicated at the base of the diagram.

contain abundant talc (Fig. 2C). Kinking of talc crystals,
typical of plastic deformation (Escartin et al., 2008),
is common. Antigorite grains are partially replaced by
magnesite and minor dolomite (Fig. 2D). Systematically,
the relicts of Cr-spinel grains are altered to ferrian chromite
and magnetite, and chlorite appears forming rims around
altered spinel.

Serpentinites of group I are characterized by non-
pseudomorphic textures, typically showing the characteristic
interpenetrating needles of antigorite (Fig. 2A, B, D;
O’Hanley, 1996).

The antigorite-lizardite serpentinites (group II) contain
the mineral assemblage antigorite - lizardite - diopsidic clino-
pyroxene - chlorite - magnetite - ferrian chromite + brucite.
They are characterized by porphyroblastic texture, showing
relicts of bastitized clinopyroxene porphyroblasts up to
8mm in size (Fig. 2E). The dominant serpentine mineral
is antigorite (Fig. 2F), but lizardite has been identified in
thin section and by XRD (Figs 2G, 3B). Clinopyroxene
porphyroblasts are partly overgrown/replaced by fine-
grained clinopyroxene, antigorite, chlorite and magnetite
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(Fig. 2H). The hedenbergite component of clinopyroxene
was oxidized to magnetite, which is mainly associated
with serpentine along exfoliation planes and the rims of
the grains of clinopyroxene. Primary Cr-spinels were not
found; only their alteration products, ferrian chromite and
newly formed magnetite, are present. In addition, chlorite
forms rims around altered spinel. Andradite garnet is
present in veins crosscutting the serpentine matrix. It is
colourless and forms granular aggregates.

In general, antigorite-lizardite serpentinites preserve
pseudomorphic textures (Wicks and Whittaker, 1977;
O’Hanley, 1996): i) bastites after clinopyroxene and
ii) hourglass textures (Figure 2G). Theses textures can be
interpreted as the result of low grade metamorphism (i.e.
ocean floor metamorphism).

Serpentine minerals

In order to identify and quantify the amount of
serpentine minerals (chrysotile, lizardite and antigorite)
and the lattice parameters of these structures, the observed
random X-ray powder diffraction profile was simulated
using several structural models of antigorite polymorphs
(Rietveld method). Commonly, antigorite in serpentinites
forms a polysomatic series of sheet silicates of variable
structure and composition (e.g. Mellini et al., 1987). The
variation of a parameter is expressed in terms of m, which
is the number of SiO, tetrahedra seen in a projection along
[010] within a full wavelength of the modulated structure.

The calculated XRD profile of group I serpentinite
(sample LC-58) agrees well with two serpentine polymorphs
(Fig. 3A), one with antigorite polysome m=16 with 16
tetrahedra spanning a wavelength along the a axis as
proposed by Capitani and Mellini (2006) and the other with
antigorite polysome m=17 (Capitani and Mellini, 2004). The
structure with m=16 resembles that of the m=17 polysome.
In both, a continuous wavy tetrahedra sheet layer (linked
to brucite-like layer) reverses polarity through sixfold and
eightfold tetrahedra rings. The even number of tetrahedra
in m=16, leads to symmetric half-waves, a periodic b/2
shift involving the eightfold rings, and the doubling of a
parameter. The result is a C monoclinic cell.

The antigorite with polysome m=16 yields the best fit
for the most abundant in group I serpentinite (93.2wt%) and
the fitted lattice parameters are: a=81.878(5), b=9.264(5),
c=7.248(2) A and B =91.409(5)°, space group C2/m. The
antigorite with m=17 is scarce, 2.5wt%, and the obtained
parameters are: a=43.505(6), b=9.251(1), c¢=7.263(1) A
and B = 91.32(1)°, space group Pm. Other mineral phases
present in the sample are: talc (1.0wt%), magnesite
(1.2wt%), dolomite (1.6wt%) and magnetite (0.5wt%).
Mellini et al. (1987) and Li et al. (2004) suggested that
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m=17 is typical for antigorite formed under greenschist-
facies conditions.

In group-II serpentinites (sample LC-88) the calculated
profile agrees well with the antigorite polysome m=16 and
lizardite 1T (Mellini and Viti, 1994) (Fig. 3B). Antigorite
is the most abundant serpentine mineral (48.3wt%) with
lattice parameters a=81.551(6),b=9.247(10),c=7.266(4) A
and B = 91.00(11)°. Lizardite is also abundant (15.7wt%),
with lattice parameters a=5.322(2), c= 7.295 (6) A and
space group P31m. Other phases identified in this sample
are: diopside (17.7wt%), clinochlore (10.3wt%), magnetite
(8.1wt%) and minor brucite.

In summary, all investigated antigorites of the La
Corea mélange presents polysome values with m=16.
However, the variability of the refined a parameter in
these samples is too low to permit correlation with the
metamorphic grade as suggested by Mellini et al. (1987)
and Li et al. (2004).

MINERAL CHEMISTRY
Serpentine

Serpentine from antigorite serpentinites have Si ranging
3.94 —4.04 apfu, Mg =4.94 — 5.08 apfu, Fe =0.5 — 0.59 apfu,
Cr < 0.05 apfu and Ni < 0.05 apfu (Table 1). In the ternary
diagram Mg-Si-Fe (molar proportions, Fig. 4) the analyzed
grains of serpentinite confirm with antigorite composition
following D’ Antonio and Kristensen (2004) classification. The
Al contents are relatively high (0.21 — 0.30 apfu). High Al
and Cr could produce highest stability in temperature for
antigorite (Padron-Navarta et al., 2010). The Mg # ratios
are 0.89 - 091.

Subduction channel serpentinites, Cuba

Serpentine from antigorite-lizardite serpentinites have
Si=394-403 apfu, Fe =0.19-0.26 apfu, Mg =5.34 - 541
apfu, Cr < 0.03 apfu and Ni < 0.03 apfu, showing relative high
Al = 0.17 — 0.30 apfu (Table 2). In the ternary diagram
Mg-Si-Fe (Fig. 4) most point analyses represent antigorite
composition, although some points with less Si content
indicate lizardite and/or chrysotile composition (D’ Antonio
and Kristensen, 2004). The Mg# (0.95 — 0.97) is higher
than in the antigorite serpentinites. These higher values
do not correlate with bulk rock composition, suggesting
distinct P-T conditions of growth.

Clinopyroxene

The porphyroblasts of clinopyroxene present in
antigorite-lizardite serpentinites are diopside (= En50
Wo049-50 FsO; Morimoto et al., 1989; Table 3), with Si
contents ranging 1.97 — 1.99 apfu, Mg = 0.96 — 1.03 apfu, Ca
=095 - 1.01 apfu, and very low Fe contents (< 0.05 apfu).

Si 50

30

o lizardite [ antigorite-lizardite serpentinite
"+ chrysotile A antigorite serpentinite

> antigorite
g

Feltot) 50 M

FIGURE 4| Ternary atomic Mg-Si-Fe diagram showing the chemical
variabhility of serpentine minerals from La Corea mélange. The fields
for lizardite, chrysotile and antigorite were compiled by D’Antonio and
Kristensen (2004).

TABLE 1 | Representative analyses of serpentine from antigorite serpentinites (normalized to 10 0 and 8 OH)

Sample LC-58 LC-58 LC-58 LC-58 LC-58 LC-55 LC-55 LC-55 LC-55 LC-55
SiO, 42.81 43.01 42.46 43.16 42.46 41.84 41.58 42.04 41.54 41.91
TiO, 0.02 0.04 0.03 0.03 0.03 0.04 0.02 0.03 0.02 0.03
Al,O, 1.86 2.31 2.20 2.07 1.88 2.49 2.66 2.47 2.46 2.24
Cr,04 0.26 0.34 0.37 0.17 0.17 0.56 0.58 0.62 0.62 0.58
FeOum 639 631 659 678 650 741 708 705 7.03  7.05
MnO 0.04 0.03 0.09 0.08 0.04 0.02 0.00 0.05 0.01 0.02
MgO 36.00 35.75 35.64 36.26 36.01 34.86 34.74 35.05 35.54 34.69
NiO 0.15 0.12 0.18 0.15 0.26 0.19 0.25 0.12 0.34 0.13
CaO 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.03 0.02
Total 87.53 87.92 87.57 88.70 87.35 87.42 86.91 87.44 87.59 86.62
Si 4.03 4.03 4.01 4.02 4.02 3.98 3.97 3.99 3.94 4.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.21 0.26 0.24 0.23 0.21 0.28 0.30 0.28 0.27 0.25
Cr 0.02 0.03 0.03 0.01 0.01 0.04 0.04 0.05 0.05 0.04
Fe?* 0.50 0.49 0.52 0.53 0.51 0.59 0.57 0.56 0.56 0.56
Mn 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Mg 5.06 5.00 5.02 5.04 5.08 4.94 4.94 4.96 5.03 4.95
Ni 0.02 0.02 0.03 0.02 0.04 0.03 0.04 0.02 0.05 0.02
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
#Mg 0.91 0.91 0.91 0.91 0.91 0.89 0.90 0.90 0.90 0.90
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TABLE 2 | Representative analyses of serpentine from antigorite-
lizardite serpentinites (normalized to 10 0 and 8 OH)

Sample LC-88 LC-88 LC-88 1LC-88 LC66 LC-66 LC-66 LC-66

SiO, 4253 4252 43.66 42.80 4349 43.09 43.06 42.21
TiO, 0.06 0.00 0.02 0.03 0.02 0.00 0.04 0.03
AlL,Oq 2.21 2.42 1.54 2.50 2.48 2.40 2.47 276
Cr,0, 0.31 0.29 0.18 0.25 0.38 0.45 0.35 0.07
FeOuota 2.95 2.75 2.83 3.23 2.80 2.50 249 3.34
MnO 0.14 0.07 0.10 0.06 0.09 0.14 0.19 0.07
MgO 38.86 38.47 39.23 38.67 39.10 39.41 38.72  38.43
NiO 0.07 0.12 0.20 0.17 0.16 0.12 0.13 0.00
CaO 0.01 0.33 0.00 0.01 0.00 0.02 0.01 0.29
Total 87.14 8697 87.76 87.72 8852 8813 8746 87.20
Si 3.97 3.97 4.03 3.97 3.98 3.97 3.99 3.94
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.24 0.27 0.17 0.27 0.27 0.26 0.27 0.30
Cr 0.02 0.02 0.01 0.02 0.03 0.03 0.03 0.01
Fe?* 0.23 0.21 0.22 0.25 0.21 0.19 0.19 0.26
Mn 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01
Mg 5.40 5.36 5.40 5.34 5.34 5.41 5.35 5.35
Ni 0.01 0.02 0.03 0.02 0.02 0.02 0.02 0.00
Ca 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03
#Mg 0.96 0.96 0.96 0.96 0.96 0.97 0.97 0.95

Correspondingly, Mg# is very high (096 — 0.97). Other
elements, namely Al and Na, have very low concentration
(<0.03 apfu).

Talc

Talc, present in antigorite serpentinite samples, is almost
pure (Table 4), with Si=_8.00—8.07 apfu and Mg =5.60—5.73,
and low Fe = 0.17 — 0.28 apfu and Al < 0.01 apfu contents
(Fig. 5). Mgt is, correspondingly, very high (0.95 - 0.97).

Chlorite

Chlorite, present in antigorite-lizardite serpentinites, has
high Si (5.99 — 6.85 apfu) and Mg (9.71 — 10.27 apfu) contents,
and is poor in Al (2.17 — 3.28 apfu) and Fe (0.52 — 0.87 apfu;
Table 5). The contents of Cr (0.15—0.30 apfu) are not as high as

TABLE 3 | Representative analyses of clinopyroxene from antigorite-
lizardite serpentinites (normalized to 6 0)

Sample __LC-97 LC-67 L7 LCo7

SO, 5413  54.81 5418 5443 53.97 5393 5444 5375 5425 54.08
TiO, 0.02 0.05 0.00 0.03 0.07 0.04 0.02 0.13 0.06 0.04
Al,Oy 0.22 0.42 0.16 0.06 0.25 0.27 0.12 0.43 0.61 0.62
Cr,0, 0.12 0.09 0.07 0.10 0.20 0.13 0.19 0.14 0.20 0.27
Fe,Og0tal 1.33 1.13 1.49 1.51 1.35 1.51 1.38 1.70 1.30 1.35
MnO 0.07 0.02 0.07 0.06 0.06 0.06 0.05 0.15 0.04 0.09
MgO 18.12  18.61 1783 17.96 1826 18.09 18.06 18.40 1827 18.48
Ca0 2517 2470 2510 2541 2477 2471 2523 2449 2438 2439
Na,0 0.14 0.28 0.21 0.11 0.20 0.18 0.15 0.18 0.27 0.23
K0 0.00 0.03 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00
Sum 99.32 100.14 99.11  99.67 99.14 9892 9965 99.38 99.38 99.55
Si 1.97 1.98 1.98 1.98 1.97 1.97 1.98 1.96 1.97 1.97
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.02 0.03 0.03
Cr 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01
Fe** 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.04
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Mg 0.99 1.00 0.97 0.97 0.99 0.99 0.98 1.00 0.99 1.00
Ca 0.98 0.96 0.98 0.99 0.97 0.97 0.98 0.96 0.95 0.95
Na 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 4.01 4.01 4.00 4.00 4.01 4.00 4.00 4.01 4.00 4.01
Wo 49.97 4883 50.30 5041 4938 49.54 50.11 4890 4896  48.69
En 50.03 51.17 49.70 4959 50.62 5046 49.89 51.10 51.05 51.31
Fs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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TABLE 4 | Representative analyses of talc from antigorite-lizardite
serpentinites (normalized to 20 0 and 4 OH)

Sample LC-58 LC-58 LC-58 LC-58 LC-58 LC-58 LC-55 LC-55 LC-55 LC-55

SiO, 6240 6285 6255 63.61 6227 61.44 6249 6276 61.46 62.63
TiO, 0.05 0.04 0.00 0.02 0.02 0.04 0.02 0.05 0.05 0.01
AlL,O4 0.04 0.02 0.04 0.03 0.00 0.01 0.01 0.04 0.00 0.01
FeOygtal 2.49 2.34 220 2.12 2.10 2.33 1.61 241 2.60 21
MgOo 29.54 29.54 2970 29.88 29.82 28.63 29.61 29.54 29.38  29.57
Total 9452 9479 9449 9566 94.21 92.45 93.74 9480 93.49 94.33
Si 8.03 8.05 8.03 8.06 8.02 8.07 8.06 8.04 8.00 8.05
Ti 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Al 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Fe** 0.27 0.25 0.24 0.23 0.23 0.26 017 0.26 0.28 0.23
Mg 5.66 5.64 5.69 5.64 5.73 5.60 5.70 5.64 5.70 5.73
Mg# 0.95 0.96 0.96 0.96 0.96 0.96 0.97 0.96 0.95 0.96

in other serpentinite bodies were chlorite formed by alteration
of spinel (Jan and Windley, 1990; Proenza et al., 2004; Abu El
Ela and Farahat, 2009). The high Si contents and Mg# (0.92 —
0.95) classify these chlorites as clinochlore (Bailey, 1980).
Nevertheless, Al contents are lower than stoichiometric
clinochlore (Fig. 5), probably as a result of intergrowth of
serpentinite layers within chlorite (cf. Cressey et al., 2008).

Andradite garnet

Andradite garnet, present in antigorite-lizardite
serpentinites, has Si = 2.85 — 2.93 apfu, Ca = 3.04 — 3.09
apfu, and Fe** = 1.61 — 1.88 apfu, with significant Ti
contents (up to 0.32 apfu) and low concentration in Al
(< 0.04 apfu), Cr (< 0.04 apfu) and Mg (< 0.06 apfu;
Table 6). This type of garnet is deficient in silica as is
typical of high Ti-garnets from ultramafic rocks (Miintener
and Hermann, 1994 and references therein).

WHOLE ROCK GEOCHEMISTRY
Major element composition
All studied serpentinite samples have large LOI (lost

on ignition) values (> 10wt%; Table 7), indicating that they
are almost pure serpentinite, only sample LC-55 has higher

Al+Cr

v tale LC58. A-serp
& chiorite LCS55. A-serp
© antigorite LCB8. A-L-serp
® end-members __ LCB6. A-L-serp

Al-clinochiore &
|

clinoshlore &
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FIGURE 5T Atomic Si-(Al+Cr)-(Fe+Mn+Zn+Mg+Ni) diagram showing
the composition of chlorite and serpentine from antigorite-lizardite ser-
pentinites (A-L-serp) and serpentine and talc from antigorite serpenti-
nites (A-L-serp). Representative end-members are also projected. Note
that chlorites are deficient in Al.
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TABLE 5 | Representative analyses of chlorite from antigorite-lizardite
serpentinites (normalized to 20 0 and 16 OH)

Sample LC-88 LC-88 LC-88 LC-88 LC-88 LC-88 LC-66 LC-66 LC-66 LC-66

SiO, 3430 3476 3443 3479 3495 36.06 3129 3237 3293 34.32
TiO, 0.03 0.02 0.01 0.02 0.00 0.00 0.07 0.05 0.01 0.05
Al,Ogy 1057 10.64 1095 1057 10.06 967 1455 1295 1236 1250
Cr;05 0.96 1.01 1.64 1.62 1.61 1.54 1.97 0.96 0.96 1.00
FeOua 3.39 3.23 3.49 3.43 3.30 3.25 5.45 3.54 3.45 3.31
MnO 0.08 0.12 0.02 0.07 0.10 0.08 0.07 0.11 0.06 0.11
MgO 3560 3519 3521 35.06 3522 3578 3404 3480 3499 3458
NiO 0.05 0.14 0.1 0.12 0.14 0.05 0.17 0.23 0.18 0.30
CaO 0.09 0.08 0.08 0.08 0.06 0.05 0.01 0.00 0.04 0.02
Total 85.07 8519 8594 8576 8544 86.48 87.62 8501 8498 86.19
Si 6.64 6.71 6.61 6.69 6.74 6.85 5.99 6.29 6.39 6.54
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01
Al 2.4 242 2.48 2.39 229 217 3.28 2.96 2.83 2.81
Cr 0.15 0.15 0.25 0.25 0.25 0.23 0.30 0.15 0.15 0.15
Fe** 0.55 0.52 0.56 0.55 0.53 0.52 0.87 0.58 0.56 0.53
Mn 0.01 0.02 0.00 0.01 0.02 0.01 0.01 0.02 0.01 0.02
Mg 1027 1012 10.07 10.04 10.12 10.14 9.71 10.08  10.12 9.83
Ni 0.01 0.04 0.03 0.03 0.04 0.01 0.05 0.07 0.05 0.09
Ca 0.02 0.02 0.02 0.02 0.01 0.01 0.00 0.00 0.01 0.00
#Mg 0.95 0.95 0.95 0.95 0.95 0.95 0.92 0.95 0.95 0.95

LOI content, suggesting alteration. Antigorite serpentinites
have MgO = 35.06 — 36.32wt%, SiO, = 36.97 — 42 .88wt%,
FeO = 6.78 — 7.39wt%, Al,0; = 1.49 — 2.51wt% and
CaO = 0.73 — 1.93wt%. Antigorite-lizardite serpentinites
have MgO = 34.72 - 37.48wt%, SiO, = 40.19 — 40.86wt%,
FeO = 6.37 — 7.33wt%, Al,0; = 2.38 — 2.93wt% and
CaO =1.12 - 3.72wt%. The Mg# in both groups is similar
(8941 — 91.00). The higher concentration of CaO in
antigorite-lizardite serpentinites is in correspondence with
the presence of clinopyroxene and andradite garnet in
these samples while the higher Al,Oj; is associated with the
presence of chlorite.

The bulk composition of antigorite serpentinites and
antigorite-lizardite serpentinites (Table 7) allow classifying
the protoliths as harzburgites and lherzolites using the
Ol-Opx-Cpx diagram in mole proportions (Fig. 6), and
according to the fields defined by Le Maitre et al. (2002).
The diagram represents the projection of bulk compositions
(defined by SiO,, Al,O;, FeO,,;, MnO, MgO and CaO) in
the Fo-En-Di space after projection from the exchange
vectors FeMg , and FeMn , and the Ca-Tschermak molecule
CaAl,SiOg, as calculated using software CSpace (Torres-
Roldédn et al., 2000). All antigorite serpentinite samples
correspond to harzburgitic protoliths, while the antigorite-
lizardite serpentinites suggest lherzolitic-harburgitic
composition.

A comparison of the whole rock compositions of
serpentinites from La Corea mélange with other regionally
related ultramafic rocks are presented in Figure 7. These
include the Mayari-Baracoa Ophiolite Belt (interpreted
as highly refractory peridotites from an arc/back arc
environment; Marchesi et al., 2006), Monte del Estado
complex in Puerto Rico (interpreted as abyssal peridotite;
Lewis et al., 2006b; Marchesi et al., this volume), Central
Cuba serpentinites from Zaza zone and Dominican
Republic serpentinites from Camu and Septentrional
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TABLE 6 | Representative analyses of garnet from antigorite-lizardite
serpentinites (normalized to 12 0)

Sample LC-66 LC-66 LC-66 LC-66 LC-66 LC-66 LC-66 LC-66 LC-66

SiO, 3392 3425 3350 3367 3380 3412 3314 3370 33.63
TiO, 3.86 279 4.58 4.94 4.09 1.38 4.03 4.63 4.34
Al,O4 0.29 0.22 0.30 0.28 0.29 0.44 0.30 0.32 0.26
Cr,04 0.27 0.05 0.08 0.40 0.42 0.54 0.37 0.29 0.34
FexOgita1 27.02 2759 2617 2612 2655 29.21 26.89 2552 26.36
MnO 0.07 0.04 0.02 0.08 0.13 0.05 0.09 0.06 0.07
MgO 0.33 0.33 0.46 0.41 0.32 0.14 0.36 0.39 0.38
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17
CaO 33.25 3327 33.41 33.30 3345 3326 3313 3377 3370
Total 99.01 98.54 9847 99.20 99.056 99.14  98.31 98.68  99.25
Si 2.89 293 2.87 2.86 2.88 291 2.85 2.87 2.86
Ti 0.25 0.18 0.29 0.32 0.26 0.09 0.26 0.30 0.28
Al 0.03 0.02 0.03 0.03 0.03 0.04 0.03 0.03 0.03
Cr 0.02 0.00 0.01 0.03 0.03 0.04 0.03 0.02 0.02
Fe™ (") 1.68 1.76 1.65 1.58 1.66 1.88 1.73 1.61 1.68
Fe* 0.06 0.02 0.03 0.09 0.04 0.00 0.01 0.03 0.00
Mn 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01
Mg 0.04 0.04 0.06 0.05 0.04 0.02 0.05 0.05 0.05
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Ca 3.04 3.05 3.06 3.04 3.05 3.04 3.05 3.09 3.07

(*) Calculated by stoichiometry

fault zones (interpreted as forearc peridotite; Hattori
and Guillot, 2007; Saumur et al., 2010) and Dominican
Republic peridotites from Rio San Juan and Puerto Plata
complexes (interpreted as abyssal peridotite; Saumur et al.,
2010). The antigorite-lizardite serpentinite samples show
compositions similar to the lherzolites of the Monte del
Estado ultramafic complex and abyssal peridotites from
Rio San Juan and Puerto Plata complexes, Dominican
Republic. Furthermore, the antigorite serpentinites have
compositions similar to abyssal peridotites and with
Dominican Republic serpentinites from Rio San Juan and
Puerto Plata complexes.

Platinum group elements composition

The studied samples have low total platinum group
elements (PGE) concentrations (20-63 ppb, Table 8). The
antigorite-lizardite serpentinites show similar values in
all samples (35-40 ppb), while the antigorite serpentinites
display somewhat larger variations (20-63 ppb). In general,
all samples are characterized by poorly fractionated
patters of (Os, Ir, Ru) group elements (IPGE) patterns,
with relatively flat IPGE segments consistent with the

TABLE 7 | Bulk rock chemical composition of serpentinite samples
from La Corea. Group A corresponds to antigorite serpentinites and
group B corresponds to antigorite-lizardite serpentinites

Sample LC-M-17 LC-G-4 LC55 LC56 LC58 LC66 LC88 LC97

Group A A A A A B B B
SiO, 3879 4080 3697 4288 4128 4019 4086 4055
TiO, 004 006 004 009 008 011 007 007
Al,O, 149 241 173 251 196 244 293 238
FeOy; 703 696 678 739 698 682 637  7.33
MnO 011 011 016 010 009 013 013 0.4
MgO 3632 3552 8506 3531 3600 3748 3617 3472
Ca0 120 068 193 bdl 073 112 230 372
P,0s 001 001 001 001 001 001 001 001
Lol 1352 1211 1747 1088 1223 1133 1077 10.14
Total 9851 98.66 99.85 99.17 99.36 99.63 99.61  99.06
Mg# 084 084 084 08 084 085 085 083

LOI: Loss on ignition. b.d.l.: below detection limit
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Projection vectors: . ol A antigorite serpentinite
+FeMg dunite . , . .

-1 0 antigorite-lizardite
+FeMn_, 90 serpentinite

+CaTs molecule

wehrlite

harzburgite

40/

Iherzolite

pyroxenite
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FIGURE 61 Calculated molar 0I-Opx-Cpx diagram for serpentinites from
La Corea mélange (see text for calculation). Classification diagram from
Streckeisen (1974).

interpretation that they are all mantle residues (Fig. 8A, B).
These PGE patterns are very similar to that of the primitive
upper mantle (Becker et al., 2006). The composition of the
studied samples are also similar to serpentinites of diverse
origin (abyssal, forearc) from the Dominican Republic
(Saumur et al., 2010).

In the Os versus Ir diagram (Fig. 8C) the samples show
chondritic PGE abundances and weak enrichments relative
to serpentinized abyssal peridotites (Snow and Reisberg,
1995; Luguet et al., 2003). The iridium contents and
Ir/(Pt+Pd) ratios also indicate a mantle peridotite origin
for their host protoliths (Fig. 8D). In general, the PGE
distribution indicates that the PGE contents of the protoliths
have not been significantly affected by metamorphism, in
agreement with similar observations by Groves and Keays
(1979), Prichard and Tarkian (1988), Angeli et al. (2001)
and Proenza et al. (2004).

ISOCHEMICAL P-T PROJECTION

Isochemical P-T projections (pseudosections) were
calculated for representative bulk-rock compositions of
the two groups of serpentinites studied and the results
were compared with the observed phase assemblages.
The projections were computed with software PerpleX
(Connolly, 2005). Thermodynamic data were taken from
the internally consisted database of Holland and Powell
(1998). Solid solutions considered are from Holland and
Powell (1998) for olivine, from Holland and Powell (1996)
for orthopyroxene and clinopyroxene, and from Holland et
al. (1998) for chlorite. Talc, antigorite and tremolite were
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treated as ideal binary Fe-Mg solid solutions. Lizardite
was not included in the calculations due to the lack of
thermodynamic data for this phase. The fluid phase,
assumed to be pure H,O, is considered to be in excess. The
antigorite serpentinite sample LC-58 was modeled in the
CFMSH (CaO-FeO-MgO-Si0,-H,0) system (Fig. 9A).
The bulk rock composition of this sample was slightly
transformed in order to account for the Mg and Ca contents
present in the carbonate phases (not considered in the
calculations). The antigorite-lizardite serpentinite sample
LC-97 was modeled in the system CFMASH (CaO-FeO-
MgO-Al,0;-Si0,-H,0) (Fig. 9B). A small proportion
of FeO,,, was extracted to account for the presence of
magnetite (not considered in the calculations).

The results of the calculations indicate a wide range
of P-T conditions below ca. 500°C for the formation
of antigorite serpentinites (Fig. 9A). The predicted
assemblage for these conditions is made mostly by
antigorite, with minor talc, as observed in the studied
samples. However, the calculated relations indicate the
presence of minor tremolite, not observed in the studied
samples. This is likely due to the effect of non-accounted
CO, component and carbonate (dolomite) phases. Because
these rocks are interpreted as the matrix of the subduction
channel (i.e., high-T mélange formed above the subduction
zone; see below), they should have followed a retrograde
trajectory similar to that of the tectonic blocks of subducted
oceanic material. For this reason, we have calculated
mineral abundances in one point along the P-T trajectory
followed by high pressure amphibolite blocks of the La
Corea mélange (Blanco-Quintero et al., 2010). The results

1.6
A antigorite serpentinite
m antigorite-lizardite serpentinite
1 Mariana \Residue L:,\ Monte del Estado Iherzolite
Forearc ) Mayari-Baracoa harzburgite

Q Forearc Central Cuba and
Dominican Republic

Abyssal peridotite

Dominican Republic

0 0.02 0.04 0.06 0.08 0.1 0.12
AlfSi(wt%)

FIGURE 7 | Weight ratios of Mg/Si versus Al/Si of serpentinite samples
from La Corea mélange. Plotted for comparison are the fields of Mayari-
Baracoa harzhurgites (Marchesi et al., 2006), Monte del Estado Iherzo-
lites (Marchesi et al., 2011), abyssal serpentinites from the Dominican
Republic (Saumur et al., 2010), and forearc serpentinites from Central
Cuba and Dominican Republic (Hattori and Guillot 2007, Saumur et al.,
2010). Fields for Mariana forearc and abyssal peridotites compiled by
Hattori and Guillot (2007). PM is the primitive mantle estimate of Mc-
Donough and Sun (1995).
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TABLE 8 | Whole rock analyses of platinum group elements (PGE) of
representative samples from La Corea mélange. Group A corresponds to
antigorite serpentinites and group B corresponds to antigorite-lizardite
serpentinites

Samples LC-G-4LC-M-17 LC-55 LC-56 LC-66 LC-88 LC-97
Group A A A A B B B
Ir 5 3 4 4 4 4 4
Os 4 3 4 3 3 3 4
Pd 21 7 5 7 9 13 10
Pt 18 0 10 3 5 10 10
Rh 5 2 5 2 4 3 3
Ru 10 5 10 7 10 7 9
Suma 63 20 38 26 35 40 40
IPGE 19 11 18 14 17 14 17
PPGE 44 9 20 12 18 26 23
IPGE/PPGE 0.43 1.22 0.90 1.17 0.94 0.54 0.74
Ir/(Pt+Pd) 0.13 0.43 0.27 0.40 0.29 0.17 0.20

IPGE: Os, Ir, Ru. PPGE: Rh, Pt, Pd.

indicate that the abundances of antigorite and talc are 93.63
wt% and 3.93 wt%, respectively, similar to the estimation
from XRD data (see above).

The results of calculations for the antigorite-lizardite
sample indicate that talc is not stable in the low temperature
part of the diagram (< 600°C; Fig 9B), as opposed to the
calculations for the antigorite serpentinite sample and in
agreement with observed assemblages. In addition, brucite,
clinopyroxene and chlorite appear as stable phases in the
low temperature field (< 400°C), in agreement with the
observed assemblages. The predicted stable coexistence of
diopsidic clinopyroxene at low temperature suggests that
the clinopyroxene porphyroclasts of the studied samples
represent former peridotitic porphyroclasts reequilibrated
during low-grade metamorphism. Since these rocks
constitute tectonic blocks interpreted to have been accreted
to the mélange at relatively low temperature (see below),
their P-T evolution should have met the retrograde paths of
the exhuming rocks of the subduction channel late during
the evolution of the latter. In fact, the calculated mineral
proportions at conditions appropriate for greenschist facies
along the retrograde P-T path of the exotic blocks of La
Corea mélange (i.e., 300°C and Okbar: Atg 66.46wt%,
Cpx 15.20wt%, Chl 14.65wt% and Brc 3.70wt%; Fig. 9B)
closely match the proportions obtained after XRD data
recalculated for magnetite = 0.

DISCUSSION

The geologic setting of formation of ultramafic
complexes is best determined using proxies such as
the concentration of Cr, Al and Ti in Cr-spinel (Irvine,
1967; Dick and Bullen, 1984; Arai, 1992). The studied
metaultramafic rocks of La Corea mélange do not preserve
primary Cr-spinel, which is systematically altered to
ferrian chromite or Cr-bearing magnetite. Also, no primary
silicates (olivine and pyroxene) have been preserved, since
diopsidic clinopyroxene of the antigorite-lizardite rocks is
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interpreted as metamorphic in equilibrium with antigorite.
However, the fact that both types of rock have antigorite as
the most abundant phase indicates a moderate temperature
of serpentinization. Antigorite is the high temperature
stable polymorph of the serpentine group minerals. Evans
(2004) and Ulmer and Trommsdorff (1995) presented
experimental results indicating antigorite stability up to
720°C and 20kbar and 620°C and 50kbar. These results are
in agreement with formation of antigorite-bearing rocks
in the subduction environment for a broad range of P-T
conditions. Though the P-T conditions of formation of
the studied serpentinites cannot be defined with precision,
probable conditions can be deduced taking into account the
dynamics of subduction channels and the evolution of high
pressure exotic blocks included in the La Corea Mélange.

Dehydration of subducted altered oceanic crust and
sediment from the incoming plate evolves large amounts
of H,O-fluid to the upper-plate mantle, for which models
predict the possibility of partial melting at appropriate
high temperature or serpentinization at low-medium
temperature (e.g., Gerya et al., 2002). Subduction
channels, being formed by a serpentinite matrix and HP
blocks accreted from the subducting plate and/or detached
from the overlying fore-arc lithosphere, may also contain
exotic blocks of serpentinite formed in these environments.
The strong alteration of spinel and the systematic
absence of primary phases (e.g., olivine, orthopyroxene)
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FIGURE 81 Primitive mantle (McDonough and Sun, 1995) normalized
PGE abundances of A) antigorite serpentinite and B) antigorite-lizardite
serpentinite. For reference, the composition of primitive upper mantle
(PUM; Becker et al. 2006) and of ahyssal and forearc serpentinites
from Dominican Republic (Saumur et al., 2010) are plotted (grey fields).
C) Ir versus Os diagram for samples from La Corea mélange; the field
of abyssal peridotite is after compilation of Agranier et al. (2007); D)
Ir versus Ir/(Pt+Pd) diagram for samples from La Corea mélange. It can
be appreciated that the samples are similar to mantle peridotite and not
ultramafic cumulates. The mantle peridotite and ultramafic cumulate
regions (grey fields) are compiled by Hattori and Guillot (2007).
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are indications of elevated fluid fluxes and moderate
temperature of formation, as indicated by the pseudosection
calculations (Fig. 9). In this context, we interpret antigorite
serpentinites as the deep seated serpentinitic matrix of the
subduction channel formed after hydration of the boundary
layer of the upper plate (harzburgitic) mantle. The bulk-
rock major (Fig. 7) and PGE (Fig. 8) chemistry of this type
of rock suggests a deep-seated harzburgitic protolith similar
to abyssal peridotite. Harzburgites are known in abyssal
and mantle wedge environments, but considering field
evidence and mineralogical composition we propose that
the antigorite serpentinites are derived from the hydrated
mantle wedge. This interpretation implies that subduction
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channel serpentinites do not necessarily resemble residual
harzburgites typical of fore-arcs (e.g., Mayari-Baracoa
ophiolitic complex).

The antigorite serpentinites of the subduction channel
would have followed a P-T path similar to that of subducted
blocks accreted to the upper plate mantle. Exotic blocks
of amphibolite were metamorphosed at ca. 15kbar, 700°C,
when they were accreted to the upper plate mantle (Blanco-
Quintero et al., 2010). At these conditions, the calculated
pseudosection for antigoritite serpentinites indicates
anhydrous peridotite mineral assemblages coexisting
with H,O-fluid (i.e., hydrous peridotite; Fig. 9A). Blanco-
Quintero et al. (2010) indicated that these conditions were
followed by near-isobaric cooling in the accreted blocks
of amphibolite, as expected after refrigeration of the
subduction zone due to continued subduction (Gerya et
al., 2002). Such isobaric cooling P-T path is also expected
for the hydrated peridotite of the upper plate, which would
hydrate (i.e., formation of tremolite and talc; Fig. 9A)
due to the influx of fluids from the subducting slab. Once
antigorite starts forming (ca. 650°C, 15kbar; Fig. 9A),
so does the subduction channel and rocks (both exotic
tectonic blocks and hydrated metaharzburgitic matrix)
begin to be exhumed. This is to be expected due to the
plastic behavior of serpentinitic rocks (Gerya et al.,
2002; Guillot et al., 2009) and implies that the P-T paths
of the subduction channel rocks suffer an inflection,
with increasing decompression upon cooling (Fig 9A).
Further influx of fluids evolved from the subducting
plate would allow continued hydration and the
formation of almost pure antigoritite in the exhuming
matrix of the subduction channel at conditions below
500°C and 13kbar (Fig. 9A).

The lherzolitic bulk rock composition of the antigorite-
lizardite serpentinites suggests a different protolith,
probably an abyssal peridotite. The presence of abyssal
and supra-subduction zone peridotite (protolith) rocks in
subduction channels can be explained by three hypotheses.
First, basaltic crust produced at slow spreading centers
(Atlantic type) is normally thin or even absent, allowing
abyssal peridotites to be incorporated in the subduction
channel and mixed with metamafic rocks accreted from the
incoming plate and hydrated ultramafic rocks of the mantle
wedge. Similar rocks are described in mélanges from the
Dominican Republic (Gorezyk et al., 2007, Saumur et al.,
2010). Second, the preservation of abyssal-type peridotites
in forearc regions has been interpreted as trapped older
lithosphere that did not participate in subduction zone
melting (Batanova and Sobolev, 2000). Finally, the
inflow of younger abyssal lithosphere along the margins
of transform-bounded trench systems is also possible, as
proposed for the South Sandwich arc (Parkinson et al.
1992; Parkinson and Pearce 1998; Pearce et al. 2000).
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the antigorite-lizardite serpentinites and the Monte del
Estado (Puerto Rico) ultramafic rocks (Fig. 7), interpreted
as fragments of the Proto-Caribbean lithosphere (Lewis et
al., 2006b; Marchesi et al., this volume), strengthen the
view that the former type of rock from La Corea mélange
represents fragments of the Proto-Caribbean oceanic
lithosphere that escaped deep subduction. This view
is consistent with the brucite, lizardite, and andradite-
bearing mineral assemblages and textures of this type of
rock, which suggest low temperatures of formation (Frost
and Beard, 2007) in the oceanic environment and in the
shallow subduction environment. Hence, the thermal
evolution of this type of rocks should have encountered
that of the exhuming subduction channel (mélange) at
relatively low temperature and pressure. Using the P-T
path of the exotic blocks of amphibolite, this should
have taken place at ca. 300°C and 5-6kbar (Fig. 9B), as
indicated above.

An integrated model of evolution of serpentinites is
presented in Figures 10 and 11 following the interpretations
given above and those of Blanco-Quintero et al. (2010) for
the exotic blocks of subducted MORB in the La Corea
mélange. At the onset of subduction of young oceanic
lithosphere during the Early Cretaceous (ca. 120Ma), the
thermal gradient along the subduction interface was very
hot. These conditions allowed the breakdown of hydrous
phases from subducted hydrous oceanic lithosphere and
the formation of free fluid that would flux across the mantle
wedge. At relatively deep conditions, meta-MORB rocks
from the incoming plate (amphibolites) were accreted to
hydrous peridotitic mantle wedge. Continued subduction
refrigerated the subduction system, allowing formation of
hydrated metaperidotitic mantle wedge at similar depth. A
serpentinitic subduction channel is formed upon reaction
of liberated H,O with the mantle wedge at conditions
within the antigorite stability field (i.e., antigorite
serpentinites), allowing henceforth upward flow of the
rocks. This general evolution produces counter-clockwise
P-T paths of accreted rocks (e.g., Wakabayashi, 1990;
Gerya et al., 2002). Similar trajectories have been
deduced by Krebs et al. (2008) from contemporaneous
(ca. 103Ma) eclogite blocks in the Rio San Juan complex
(Dominican Republic), and amphibolite blocks from the
Sierra del Convento mélange (115Ma; Garcia-Casco
et al., 2008a; Lazaro et al., 2009). As the subduction
channel flows upward, other blocks join the mélange at
shallower depths (i.e., antigorite-lizardite serpentinites).
The mélange further exhumes until it is located below
the forearc peridotites that could be represented by the
peridotites of the Mayari-Cristal ophiolite massif. Both
the underlying forearc ophiolites and the mélange would
be finally exhumed during late Cretaceous obduction,
likely caused by the regional arc-platform collision event
(Garcia-Casco et al. 2008b).
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CONCLUSIONS

Antigorite- and antigorite-lizardite-serpentinites in La
Corea mélange (eastern Cuba) document the processes of
formation of the subduction channel and accretion of abyssal
peridotites. The strong alteration (i.e., serpentinization,
Cr-spinel transformation) of harzburgitic and lherzolitic
protholiths indicates pervasive fluid flow in all types of
rock best explained if the rocks experienced hydration
above a subducting plate. Antigorite serpentinites
of harzburgitic protolith likely formed at depth after
hydration of the mantle wedge (Caribbean lithosphere) by
fluids derived from the SW-dipping subducted slab (Proto-
Caribbean lithosphere). Antigorite-lizardite serpentinites
of lherzolitic composition are best explained as abyssal
(meta)peridotites (Proto-Caribbean lithosphere) accreted
to the subduction channel developed in the Caribbean-
Proto-Caribbean plate interface. Hydration of Caribbean
plate mantle wedge allowed the formation and exhumation
of a subduction channel during Cretaceous times until final
exhumation occurred in the Late Cretaceous obduction of
the supra-subduction zone Mayari-Baracoa Ophiolite Belt
and associated underlying subduction mélanges.
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