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ABSTRACT

Allochthonous ophiolitic units in the northwestern Iberian Massif are remnants 
of peri-Gondwanan Paleozoic oceans sandwiched among other exotic terranes of con-
tinental and volcanic-arc derivation. All these terranes defi ne an intricate suture zone 
that marks the convergence and collision between Laurussia and Gondwana. The 
suture is defi ned by three different ophiolitic ensembles: upper ophiolitic units, lower 
ophiolitic units, and the Somozas mélange. The lower ophiolitic units were derived 
from an alternation of basalts and sediments intruded by gabbros and scarce gran-
itoids, and they formed during the opening of a marginal basin, the Galician ocean, 
during Late Cambrian to Early Ordovician time. This ocean was created as a back 
arc by the severance of a volcanic arc that had developed at the northern margin of 
Gondwana and formed part of the Rheic oceanic realm. The upper ophiolitic units 
formed during the Early Devonian from intraoceanic subduction in the early Paleo-
zoic lithosphere of the Rheic Ocean. These suprasubduction ophiolites were formed 
just before the ocean closed, preceding the collision between Gondwana and Lau-
russia. The Somozas mélange appears in an anomalous position at the base of the 
Cabo Ortegal Complex. The ophiolites involved in this tectonic mélange represent an 
imbricate of highly dismembered oceanic lithosphere, slivers of subducted outer edge 
of the Gondwanan continental margin, and Paleozoic metasediments of the northern 
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Gondwanan platform. The ophiolites might either record the development of a differ-
ent peri-Gondwanan oceanic domain, or they might be equivalent to any of the other 
ophiolitic ensembles, and their anomalous structural position is simply a consequence 
of complex thrusting.

Keywords: Ophiolites, Rheic Ocean, Variscan belt.

INTRODUCTION

The Variscan belt is the European part of the large orogen 
that developed during the late Paleozoic as a result of the progres-
sive collision between Laurussia and Gondwana. It is probably 
the longest mountain belt that developed during the last stages of 
the formation of Pangea, and it is currently traceable from North 
America across northern Africa and southwestern Europe to the 
Bohemian Massif in Poland and the Czech Republic in Central 
Europe. Parts of this orogen can also be seen in southeastern 
Europe, where they appear in the basement of Alpine belts (Von 
Raumer and Neubauer, 1993; Matte, 1995, 2001). A large expo-
sure of the Variscan basement forms the Iberian Massif, in the 
western Iberian Peninsula. In Galicia and Asturias, northwest of 
the Iberian Massif, a long and continuous section of the Variscan 
belt, nearly 400 km wide, developed in Devonian and Carbonifer-
ous times. Deformation progressed from west to east (Dallmeyer 
et al., 1997), and the western parts represent the more internal 
domain, which includes the remnants of a complex suture zone 
that contains several ophiolitic units (Arenas et al., 1986). The 
ophiolites form part of the so-called allochthonous complexes 
of Galicia-Trás-os-Montes; they separate the main colliding 
elements and represent the remnants of the Paleozoic oceanic 
domains that closed during the long convergence between Lau-
rentia-Baltica and Gondwana and their fi nal collision.

The Galicia-Trás-os-Montes zone structurally overlies the 
autochthonous sequences of the Central Iberian zone. Accord-
ing to its original description (Farias et al., 1987; Arenas et al., 
1988), the Galicia-Trás-os-Montes zone consists of two different 
and superimposed domains (Fig. 1): a lower assemblage repre-
sented by the schistose domain of Galicia-Trás-os-Montes, and 
an upper assemblage formed by the allochthonous complexes of 
Galicia-Trás-os-Montes.

The schistose domain is made up of Paleozoic metasedi-
ments, mostly schists and sandstones, with interbedded felsic 
volcanic rocks. It is limited by a basal thrust and shows an imbri-
cate internal structure (Ribeiro, 1974; Pereira et al., 1989, 2000). 
Even though the character of the Paleozoic sedimentary succes-
sion in the schistose domain differs markedly from the related 
autochthon of the Central Iberian zone, it is still possible to make 
stratigraphic correlations between both domains because they 
record a similar Variscan tectonothermal evolution. For these 
reasons, the schistose domain is also known as the parautochthon 
(Ribeiro et al., 1990). Considering that ophiolites do not appear 
between the Central Iberian zone and the Galicia-Trás-os-Montes 
zone, there is no doubt that the schistose domain formed part of 

the same paleogeographic realm as the Central Iberian zone: the 
northern continental margin of Gondwana (Arenas et al., 1986; 
Martínez Catalán et al., 1999). It was displaced much less than 
the allochthonous complexes, but the magnitude of the actual 
translation of the schistose domain over the Central Iberian zone 
is unknown, and no palinspastic reconstruction of its position on 
the Gondwanan paleomargin has been attempted.

The allochthonous complexes occupy the uppermost struc-
tural position in the NW Iberian Massif (Fig. 1). They were 
probably thrust over the schistose domain during an early defor-
mational stage, and, later on, the already assembled Galicia-
Trás-os-Montes zone overrode the Central Iberian zone. The 
allochthonous complexes consist of a stack of largely displaced 
allochthonous units, which were part of a gigantic nappe pile that 
was assembled during the fi rst stages of the Variscan collision 
(Ries and Shackleton, 1971). The allochthonous complexes are 
presently preserved as megaklippen in the cores of open syn-
forms, and they are considered to be remnants of this pile. Their 
denomination is based on the distinctive tectonothermal evolution 
recorded in each of the allochthonous units, as well as on the very 
large displacements that preceded their fi nal emplacement. The 
allochthonous units include ophiolitic assemblages and terranes 
with continental and island-arc affi nities (Arenas et al., 1986; 
Martínez Catalán et al., 1997, 1999). The ophiolites are remnants 
of oceanic lithosphere that was almost completely removed in 
pre-Variscan and Variscan times, whereas the other units are rem-
nants of colliding continental margins and other exotic terranes 
located between them. Therefore, the allochthonous complexes 
include a rootless Variscan suture, which has provided key data 
for reconstructions of the evolution of the Paleozoic peri-Gond-
wanan realm.

THE ALLOCHTHONOUS COMPLEXES OF GALICIA

Five allochthonous complexes exist in the northwestern 
Iberian Massif. Three of them are located in Galicia, northwest 

Figure 1. Schematic geologic map and cross-section of the allochtho-
nous complexes of Galicia, showing the distribution of the main al-
lochthonous units and their structural relationships. Six different ophi-
olitic units can be distinguished in the Cabo Ortegal and Órdenes Com-
plexes. These ophiolites are located below the upper units, and, with 
the exception of the Somozas mélange, they overlie the basal units. 
IP—intermediate pressure; HP-HT—high pressure, high temperature; 
GTMZ—Galicia-Trás-os-Montes zone; CIZ—Central Iberian zone.





Spain (Cabo Ortegal, Órdenes, and Malpica-Tui; Fig. 1), and two 
are in the Portuguese region of Trás-os-Montes (Bragança and 
Morais). Ophiolites occur in all but Malpica-Tui, where only the 
basal allochthonous units have been identifi ed. Hence, it cannot 
be considered as a true complex, although it is truly allochtho-
nous, and is often named the Malpica-Tui unit. The following 
description introduces the Galician complexes.

The Órdenes Complex is the largest (135 × 75 km) in the 
Galicia-Trás-os-Montes zone, and it contains representatives of 
nearly all the allochthonous units recognized in the NW Iberian 
Massif. Detailed descriptions of these units and interpretations 
of their meaning have been published previously (Díaz García, 
1990; Abati, 2002; Castiñeiras, 2003; Martínez Catalán et al., 
2002), and a synthesis of the structure and evolution of the entire 
complex has been presented by Arenas et al. (2000). Figure 1 
shows its general structure, which is an open synform, and the 
distribution and tectonostratigraphic arrangement of the principal 
units. A more detailed view of the internal structure of the com-
plex is presented in Martínez Catalán et al. (this volume). Differ-
ent units are separated from each other by several generations of 
thrusts and extensional detachments, and a thrust separates the 
basal units from the parautochthon in the southern part of the 
complex, whereas late extensional detachments and strike-slip 
shear zones delimit its eastern and western parts.

The Cabo Ortegal Complex, located to the north (Fig. 1), 
is characterized by a spectacular coastal section. It has an ellip-
soidal present-day shape and a small size (30 × 20 km). The 
more outstanding aspects about the petrology and structure of 
this complex have been described by several authors (Vogel, 
1967; Arenas, 1988; Azcárraga, 2000; Mendia, 2000; Castiñei-
ras, 2003; Puelles, 2003), but some additional compilations have 
been presented recently (Ábalos et al., 2000; Gil Ibarguchi et al., 
2000; Marcos et al., 2000, 2002). The complex is separated from 
the schistose domain by a large thrust fault (Fig. 1), which is a 
relatively young structure that belongs to the out-of-sequence 
thrust generation described by Martínez Catalán et al. (2002). 
This basal thrust shows crosscutting relationships with older gen-
erations of thrusts that separate several allochthonous units in the 
complex. Some of the older thrusts also overprint a fi rst genera-
tion of extensional detachments with an important metamorphic 
jump (Castiñeiras, 2003). In spite of its size, the Cabo Ortegal 
Complex includes representatives of all the units described in all 
of the allochthonous complexes (Fig. 1), although some of them 
are poorly represented when compared with their equivalents in 
the Órdenes Complex.

The Malpica-Tui unit is a narrow synform structure (150 × 
10 km) located in western Galicia (Fig. 1). Descriptions of its 
main characteristics have been presented by Floor (1966), Arps 
(1970), Llana-Fúnez (2001), Llana-Fúnez and Marcos (2002), 
and Rodríguez (2003). The unit consists of three lithological 
assemblages that are probably separated by thrusts (Gil Ibarguchi 
and Ortega Gironés, 1985), but the basal thrust fault is rarely pre-
served (Llana-Fúnez, 2001) because its present boundaries are 
mostly extensional and strike-slip shear zones and other faults.

The units that form the allochthonous complexes can be 
grouped into three main lithologic assemblages, which appear in 
a regular stacking order. From bottom to top, they consist of the 
basal, ophiolitic, and upper units (Fig. 1). The basal and upper 
units have lithologic signatures characteristic of both continental 
crust and island arcs, including forearc and back-arc domains, both 
in an arc setting. The ophiolitic units consist of lithologic units 
characteristic of oceanic domains, including marginal basins and 
transitional zones between continents and oceans. Moreover, the 
basal and ophiolitic units exhibit a relatively simple tectonother-
mal evolution of early Variscan to Variscan events, but the upper 
units are polymetamorphic assemblages where both Variscan and 
pre-Variscan tectonothermal events have been described. In the 
following sections, their main characteristics will be described, 
with emphasis placed on ophiolitic units, the primary objective 
of this contribution. The origin and evolution of all units will be 
discussed in the context of early Paleozoic peri-Gondwanan evo-
lution and later Laurussia-Gondwana collision.

BASAL UNITS

These units consist of metasediments alternating with gra-
nitic orthogneisses and metabasites, which attain a maximum 
thickness of 3000–4000 m in the Malpica-Tui unit (Llana-Fúnez, 
2001). The metasediments include metagraywackes, pelitic and 
semipelitic schists with garnet and albite-oligoclase porphyrob-
lasts, paragneisses and migmatitic paragneisses, as well as scarce 
chert, black slate, calc-silicate, and quartzite lenses. It is still pos-
sible to recognize turbiditic facies in the low-grade successions 
(Llana-Fúnez, 2001).

The deformation is heterogeneous; it is possible to fi nd 
weakly deformed metaigneous rocks surrounded by strongly 
deformed to mylonitic metasedimentary rocks. In little deformed 
turbiditic layers of the Malpica-Tui unit, Fombella Blanco (1984) 
described palynomorphs that suggested an Early to Middle Ordo-
vician age. The metabasic rocks include garnet-bearing and gar-
net-free amphibolites, amphibolites with albite porphyroblasts, 
and eclogites with a variety of textures. Orthogneisses include 
mylonitic felsic gneisses and biotite gneisses of calc-alkaline 
affi nity, and also alkaline and peralkaline gneisses (Floor, 1966; 
Montero, 1993; Rodríguez, 2003). Rb-Sr isotopic dating of some 
gneisses has yielded protolith ages ranging from 460 to 480 Ma 
(Priem et al., 1966; Van Calsteren et al., 1979; García Garzón 
et al., 1981), whereas a more precise age of ca. 480 Ma (U-Pb 
on zircon by thermal ionization mass spectrometry [TIMS]) 
has been obtained from a metagranodiorite (Santos Zalduegui, 
1995). The protoliths of the peralkaline gneisses were probably 
the youngest because they never include mafi c rocks, which 
are viewed as dikes and are very common in the other types of 
orthogneisses (Floor, 1966; Gil Ibarguchi and Ortega Gironés, 
1985). Apparently, initial magmatism probably had a bimodal 
felsic-mafi c character and was followed by another peralkaline 
magmatic event. According to Pin et al. (1992), alkaline and per-
alkaline gneisses have geochemical signatures typical of A-type 



granitoids, whereas the mafi c rocks have chemical compositions 
of alkaline basalts. It has been suggested that Ordovician mag-
matism was active in the basal units during the fi rst stages of 
continental rifting, although available data do not rule out a more 
complex evolution for this magmatism and hence for the origin 
of the basal units.

The basal units were affected fi rst by a high-pressure (P) met-
amorphic event related to subduction at the beginning of Variscan 
deformation. The timing of this metamorphism has been dated by 
Rodríguez et al. (2003) at 365–370 Ma (40Ar/39Ar) using white 
micas from eclogites, although the same authors place the begin-
ning of subduction and the coeval eclogite metamorphic event 
somewhat earlier, 380–385 Ma. According to the intensity of the 
high-P Variscan metamorphism, the basal units can be divided 
into two different assemblages: a lower unit containing low- to 
intermediate-temperature (T) metamorphism, and an upper unit 
affected by medium- to high-T metamorphism (Arenas et al., 
1995, 1997; Martínez Catalán et al., 1996). Nevertheless it is 
clear that all these units were part of a relatively continuous and 
little disturbed slab of continental high-P rocks (Fig. 1).

It is possible to recognize the metamorphic gradient associ-
ated with the fi rst high-P event in this slab in the Órdenes Com-
plex: pressure and temperature increase from east to west (pres-
ent coordinates). This has been interpreted by Martínez Catalán 
et al. (1996) to indicate a westward polarity for early Variscan 
subduction. This subduction developed below a mantle wedge, 
which was probably responsible for the thermal increase in the 
basal units during uplift. Heating was caused by convective 
heat transport from the overlying mantle, and it gave rise to an 
inverted metamorphic gradient (Arenas et al., 1995; Martínez 
Catalán et al., 1996). Data on the tectonothermal evolution of the 
basal units have also been presented by Gil Ibarguchi and Ortega 
Gironés (1985), Arenas (1988), Gil Ibarguchi (1995), Arenas et 
al. (1997), Rubio Pascual et al. (2002), Rodríguez (2003), and 
Alcock et al. (2005).

The deformational history of the basal units after the high-P 
event is complex and has been described by Martínez Catalán et 
al. (1996, 1999). Exhumation occurred during continental col-
lision, and was mainly caused by thrusting, aided by the coeval 
extensional detachments related to extensional collapse of the 
overlying part of the orogenic edifi ce. The evolutionary history 
is similar to that proposed by Platt (1986) for the dynamics of 
orogenic wedges.

OPHIOLITIC UNITS

Five ophiolitic units are recognized in Galicia, three in the 
Órdenes Complex (Vila de Cruces, Careón, and Bazar units; Fig. 
1), and two in the Cabo Ortegal Complex (Moeche and Purrido 
units; Fig. 1). In addition, remnants of an extremely fragmented 
ophiolite are involved in the Somozas mélange, a complex ophi-
olitic and sedimentary mélange imbricated with the basal units 
of the Cabo Ortegal Complex (Fig. 1). The ophiolite involved 
in this mélange exhibits a characteristic lithological composition 

and a unique structural position. It includes most of the litholo-
gies described in common ophiolites, and they are usually not 
penetratively deformed.

Based on their similar lithological composition and structural 
position beneath the upper units of the allochthonous complexes, 
the Bazar, Careón, and Purrido units are considered to be equiva-
lent, and they are generally described as the upper ophiolitic units 
(Fig. 1). The Moeche and Vila de Cruces units underlie the upper 
ophiolitic units, and, based on their equivalent lithologies, similar 
structural position, and common tectonothermal evolution, both 
are correlated and described as the lower ophiolitic units (Fig. 1). 
The Somozas mélange contains a unique and distinctive litho-
logical assemblage and will be described separately.

Upper Ophiolitic Units

The Careón unit is the best-preserved lithological ensemble 
of this group (Figs. 2 and 3). According to Díaz García et al. 
(1999a), it consists of a stack of three different thrust sheets, 
the Orosa, Careón, and Vilouriz slices (Fig. 3), which together 
represent an early Variscan imbricate. The Careón slice reveals 
a more varied lithologic association, with 500 m of serpentinized 
ultramafi c rocks and some 600 m of gabbro. This assemblage 
may contain a mid-Paleozoic crust-mantle transition of oceanic 
lithosphere. It also contains stocks of gabbro pegmatite, diabase 
dikes, some wehrlite sills, and uncommon leucogabbro and leu-
cotonalite (Fig. 3). Díaz García et al. (1999a) obtained an age of 
ca. 395 Ma (U-Pb on zircon by TIMS) in a sample of quartz-bear-
ing leucogabbro from the top of the Careón slice (Fig. 3), which 
they interpreted to date gabbro protolith crystallization and the 
age of this ophiolite. This age has been confi rmed by Pin et al. 
(2002; U-Pb on zircon by TIMS) with another gabbro sample in 
the Careón slice.

The amphibolite-facies regional foliation, dated at ca. 376 
Ma (40Ar/39Ar in hornblende; Dallmeyer et al., 1997), suggests 
that the accretion of the ophiolitic slices took place during the 
Middle Devonian, although ages as old as 390 Ma (Early Devo-
nian) have been obtained by the same method in similar units 
of the Cabo Ortegal and Portuguese Complexes (Peucat et al., 
1990; Dallmeyer and Gil Ibarguchi, 1990; Dallmeyer et al., 
1991). Pervasive shearing affected the ophiolite during accretion, 
transforming the mafi c rocks into greenschist-facies rocks and 
garnet-free or garnet-bearing amphibolites characterized by an 
inverted metamorphic gradient that increases upward toward the 
ultramafi c rocks of the overlying tectonic slice (Fig. 3). P-T con-
ditions of 650 °C and 11.5 kbar have been calculated from the 
mineral assemblages of the garnet-bearing amphibolites (Díaz 
García et al., 1999a), and they provide an indication of the tec-
tonic setting where both accretion and imbrication of the ophio-
lite slices took place. Moreover, spectacular centimeter-size red 
corundum porphyroblasts grew at some thrust contacts between 
the mafi c and ultramafi c rocks (Fig. 3). These contacts are con-
sidered metamorphic soles developed during the imbrication of 
hot oceanic lithosphere.
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According to Díaz García et al. (1999a), the Careón unit 
represents one of the last portions of oceanic lithosphere formed 
in the peri-Gondwanan realm some 395 m.y. ago, during Late 
Silurian to Early Devonian times. This young oceanic lithosphere 
was subducted promptly below an advancing eo-Variscan accre-
tionary wedge, preserving at least a part of its original thermal 
structure. Accretion and imbrication of hot ophiolitic slices can 
explain the steep metamorphic gradients characteristic of this 
unit, which have their best expression in the development of the 
metamorphic soles. According to Pin et al. (2002), the geochem-
istry of the mafi c rocks of the Careón unit is characteristic of a 
suprasubduction zone setting. Consequently, the oceanic litho-

sphere that it represents was not generated in a mid-oceanic ridge 
but probably in the initial stages of development of a marginal 
basin, or in a forearc during intraoceanic subduction.

The Purrido unit is a 300–400-m-thick sheet consisting of 
common amphibolite and garnet-bearing amphibolite of gab-
broic origin (Vogel, 1967; Azcárraga, 2000; Figs. 2 and 4). Its 
lithology and thickness are similar to those of the Orosa slice 
in the Careón unit (Figs. 2 and 3). Its internal structure is rather 
monotonous, and internal folding or imbrications have not been 
described. A hornblende concentrate from the regional amphibo-
lite-facies foliation yielded a 40Ar/39Ar age of 391.3 ± 6.6 Ma 
(Peucat et al., 1990), which is also viewed as dating the accretion 



of oceanic slices. Furthermore, the geochemical characteristics 
of the Purrido metabasites also point to a suprasubduction zone 
setting (Sánchez Martínez, 2003), supporting the proposed cor-
relation between the Purrido and Careón units.

The Bazar unit is located in the western part of the Órdenes 
Complex (Figs. 1 and 2). Though its internal structure is poorly 
known, its thickness, up to 5000 m, and the presence of sev-
eral thrust faults suggests that it is an imbricate. It is made up 
of monotonous metagabbroic amphibolite, with a relatively 
undeformed layer of gabbro, leucogabbro, pegmatoid gabbro, 
pyroxenite, and ultramafi c rocks located toward the lower part 
of the unit (Díaz García, 1990; Abati, 2002; Fig. 2). The unit was 
affected by an early high-T metamorphism, which formed mafi c 
granulites transitional between the low- and medium-P types. 
The origin and meaning of this high-T metamorphic event are not 
clear, but it can be tentatively interpreted as related to subduction 
of very young oceanic lithosphere, culminating with subduction 
of a mid-ocean ridge.

Lower Ophiolitic Units

In the Órdenes Complex, the Vila de Cruces unit (Fig. 5) 
is a thrust sheet that may be 3500 m thick; it consists of vari-
ably deformed greenschist, metapelitic mica schists, and schists 
with porphyroblasts of albite and garnet, subordinate black chert, 
felsic orthogneiss, metagabbro, and serpentinite (Martínez Cata-
lán et al., 2002). Another 700 m should be added below, if the 
ultramafi c rocks of the Campo Marzo slice, separated from Vila 
de Cruces by a late extensional detachment, are included in this 
ophiolite (Martínez Catalán et al., 1996).

The pelitic schists occur as intercalations in the greenschist-
facies mafi c rocks and are repeated by recumbent folds in the 
lower part of the unit (Vila de Cruces slice) and by thrust faults 
in its upper part (Sampaio slice; Fig. 5). The metapelites included 
in the Vila de Cruces slice are low-T mica schists with occasional 
chloritoid and albite porphyroblasts. In the Sampaio slice, the 
metapelitic rocks appear as medium-T schists with frequent por-
phyroblasts of garnet and albite. In spite of the strong deforma-
tion and retrogression recorded by these schists, the earliest min-
eral assemblage containing garnet does not include biotite, which 
suggests high-P and low- to intermediate-T conditions during the 
fi rst metamorphic event. This event preceded or was contempo-
raneous with development of the fi rst generation of kilometer-
scale recumbent folds. A new generation of smaller overturned 
folds deformed the unit, developing the regional axial-planar 
greenschist-facies foliation. Finally, the unit was deformed by 

Figure 4. Field aspects of the upper (A–C) and lower (D–F) ophiolitic 
units in the Cabo Ortegal Complex. (A–C) Metagabbroic amphibolite 
and garnet amphibolite (B) from the Purrido unit. (D–F) Greenschist 
from the Moeche unit; the photograph in E shows one of the recumbent 
folds that characterizes the internal structure of this unit.

E-SE–vergent thrusts, which created the present imbricate struc-
ture (Martínez Catalán et al., 2002).

The regional foliation has been dated at 363–367 Ma 
(40Ar/39Ar in muscovite concentrates from pelitic schist; Dall-
meyer et al., 1997), which also establishes a minimum age for 
the fi rst high-P metamorphic event and for the fi rst deformation 
affecting the unit. Moreover, the isotopic dating of an orthogneiss 
of the Vila de Cruces unit yielded and age of ca. 500 Ma (U-Pb on 
zircon by TIMS; Arenas et al., 2005), which establishes a mini-
mum age limit for generation of that lower ophiolitic unit.

In the Cabo Ortegal Complex, the 500-m-thick Moeche 
unit was described by Arenas (1988) as a layer of ultramylonitic 
greenschist. Although more strongly deformed, this unit is litho-
logically similar to the Vila de Cruces unit, and it occurs at an 
equivalent structural position (Figs. 4 and 5). The Moeche unit 
can be correlated with the lower part of its equivalent in the 
Órdenes Complex, the Vila de Cruces slice, because it does not 
contain schist with albite and garnet porphyroblasts. The tectono-
thermal evolution of the Moeche unit is also similar to that of 
the Vila de Cruces ophiolite, and the regional foliation has been 
dated here at ca. 364 Ma (40Ar/39Ar, whole rock in a mica schist; 
Dallmeyer et al., 1997).

In the lower ophiolitic units, Variscan deformation was so 
strong that it is generally impossible to recognize the nature of 
the protoliths. However, some scarce metabasites have textures 
suggesting a gabbroic origin. In the Vila de Cruces orthogneisses, 
porphyroclasts wrapped by the mylonitic foliation reveal fi ne-
grained granular textures indicative of a history that postdates 
hypabyssal granitoids. Most of the greenschist, by far the most 
abundant lithology, was probably derived from volcanic rocks 
(basalts), an interpretation supported by the geochemical com-
position of the mafi c rocks, absence of plutonic textures, and the 
presence of interbedded schist and chert (Martínez Catalán et 
al., 2002). Moreover, an origin as weathered volcanic rocks may 
explain the strong mylonitization characteristic of many green-
schists, as these rocks may show a weaker rheological behavior 
against deformation.

An important fact related to the origin of the lower ophiol-
itic units is the common occurrence of metasedimentary rocks 
not found in the upper ophiolitic units. This suggests an origin 
near an emerged domain. Furthermore, the lower ophiolites were 
obducted over the basal units, and some of their lithologies, like 
the albite-bearing schists and the orthogneisses, are rather similar. 
Therefore, and considering that the Vila de Cruces unit has a Late 
Cambrian age, it is very likely that the lower ophiolitic units were 
generated near the Gondwanan continental margin, represented 
by the basal units in the Galicia-Trás-os-Montes allochthonous 
complexes. In this context, these ophiolites would probably be 
related to the early opening of an oceanic basin in the peri-Gond-
wanan realm and, more specifi cally, to the fi rst stages of develop-
ment of a marginal basin above a subduction zone. This oceanic 
domain is here named the Galician ocean. Though it is not clear 
whether or not this basin represents the fi rst stages in the opening of 
the Rheic Ocean, a relationship with this ocean can be postulated. 
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New geochemical data support this interpretation (Sánchez Mar-
tínez, 2003; Sánchez Martínez et al., this volume).

Somozas Mélange

The lithologic characteristics and structural position of the 
Somozas mélange were described by Arenas (1988), who also 
pointed out the dismembered character of the unit. Marcos et al. 
(2002) suggested that the internal structure of this unit is typical of 
a tectonic mélange. It is a 500-m-thick unit where meter- to hec-
tometer-sized ellipsoidal tectonic blocks can be recognized (Fig. 
6). The tectonic blocks include ophiolitic lithologies, metasedi-

mentary rocks, and high-T orthogneisses and amphibolites, all 
wrapped by a low-T, highly sheared matrix of serpentinite or 
phyllite. In detail, the internal structure is rather complex, and 
two different superimposed mélange units can be distinguished. 
The lower part of the mélange is mostly a sedimentary mélange, 
where few blocks of ophiolitic and high-T rocks are distributed 
between sheared brownish phyllite and bluish phyllonite, with 
occasional sheared conglomerate, metagraywacke, and rhyolite 
beds. The upper part consists of typical ophiolitic mélange with 
few sedimentary blocks (phyllite, phyllonite, conglomerate, and 
marble). Some scarce high-T blocks also appear in this upper 
part. The section in Figure 6 is typical of the upper ophiolitic 

Figure 6. Schematic section showing the lithologic characteristics and internal structure of the ophiolitic mélange that forms part of the Somozas 
mélange (Cabo Ortegal Complex).



Figure 7. Field aspects in the Somozas mélange (Cabo Ortegal Complex). (A) Pillow breccia preserving large pillows. (B) Pillow breccia. (C) 
Sheared pillow breccia with large individual pillows. (D) Close-packed pillows. (E) Massive submarine volcanic rocks intruded by diabase dikes. 
(F) Imbricate of serpentinite (lower part of the quarry) and sheared conglomerate (upper part). (G) Imbricate of serpentinite and marble.



mélange. Deformation in the different tectonic blocks is very het-
erogeneous, with highly sheared tectonic blocks and almost unde-
formed ophiolitic lithologies mixed even at outcrop scale (Fig. 7). 
Conversely, the serpentinitic or metapelitic matrix surrounding 
the blocks is always strongly sheared. Some of the blocks contain 
other fabrics and mineral associations that predate their involve-
ment in the mélange, and different blocks reveal different meta-
morphic conditions. For example, the metasedimentary rocks are 
always affected by low- to very low-T metamorphism, but the 
felsic orthogneisses and some amphibolites preserve medium- to 
high-T mineral assemblages. Most of the blocks of the ophiolitic 
lithologies contain mineral assemblages of low- to very low-T, 

but some of them exhibit higher-grade mineral assemblages that 
can include kyanite and garnet.

Ophiolitic lithologies consist of massive metavolcanic rocks, 
pillow-lava, submarine breccia and pillow-breccia, hyaloclastite, 
diabase, gabbro and microgabbro, plagiogranite, and highly 
serpentinized spinel-bearing ultramafi c rocks (Arenas and Pei-
nado, 1981; Arenas, 1988; Fig. 7). The serpentinites are the more 
abundant lithology in the ophiolitic mélange. Figure 8 depicts 
an idealized reconstruction of ophiolite involved in the Somozas 
mélange (Arenas, 1988). This column (Fig. 8) contains the fi rst 
description of one ophiolite involved in the Variscan suture of the 
northwest Iberian Massif. Variation of the seafl oor hydrothermal 

Figure 8. Idealized reconstruction of the ophiolite that forms part of the Somozas mélange. This ophiolite is currently fragmented and involved 
in a composite tectonic mélange.



metamorphism was taken into account in building this ideal sec-
tion. Metamorphic grade increases from greenschist facies in the 
upper part of the ophiolite to low-T amphibolite facies in the gab-
bro layer (hornblende-plagioclase-clinozoisite-quartz-ilmenite). 
Despite that only hectometer-size original sections of this ophiol-
ite are preserved, it is possible to observe all the different parts of 
a typical oceanic lithosphere in the fi eld, including large blocks 
of submarine volcanic rocks with varied lithologies, parts of a 
sheeted dike complex, and parts of a gabbro-ultramafi c complex. 
According to Arenas (1988), most of the mafi c rocks in this ophi-
olite have characteristic mid-ocean-ridge basalt (MORB) chemi-
cal compositions, but volcanic rocks in some tectonic blocks 
have calc-alkaline basaltic andesite compositions.

So far, no geochronologic data of the lithologies in the 
Somozas mélange are available, and the age and provenance of 
the high-T orthogneiss and amphibolite blocks remain unsolved. 
Some tectonic blocks of marble contain fragments of corals, cri-
noids, and foraminifers, suggesting an age no older than the Mid-
dle Ordovician (Van der Meer Mohr, 1975). Moreover, the rhyo-
lites involved in the lower part of the mélange are almost identical 
to those of the upper part of the Silurian series that underlies the 
Somozas mélange. Hence, a Silurian age seems reasonable for 
the metasedimentary series involved in the mélange.

The Somozas mélange represents tectonic mixing of ophio-
lite and sediments that probably occurred during the obduction 
of the ophiolite over the Gondwanan continental margin. The 
mélange was formed after accretion of both the ophiolites and 
part of the sediments below the advancing orogenic wedge. The 
subduction reached only a moderate depth because high-P meta-
morphism is lacking. This interpretation is consistent with the 
presence in many tectonic blocks of tectonic fabrics and mineral 
assemblages that record events earlier than their incorporation in 
the mélange. Nevertheless, the age and nature of the ocean basin 
where the ophiolites originated are unknown, and the existence 
of igneous rocks with different geochemical affi nities makes this 
interpretation even more diffi cult. In any case, considering the 
local character of this ophiolitic mélange in the allochthonous 
complexes of Galicia-Trás-os-Montes (Fig. 1), the possibility 
that these ophiolites mark the opening of a relatively restricted 
basin must be considered.

UPPER UNITS

The upper units consist of a very thick allochthonous litho-
logic pile (Fig. 1) that records the oldest tectonothermal events 
and represents the oldest terranes accreted to the eo-Variscan oro-
genic wedge. The upper and lower ophiolitic units were sequen-
tially accreted below them, followed by the basal units.

Considering the characteristics of their tectonothermal evo-
lution, the upper units are divided in two different assemblages: 
high-P and high-T upper units (HP-HT upper units) below, and 
intermediate-P upper units above (Díaz García et al., 1999b; 
Martínez Catalán et al., 1999; Arenas et al., 2000; Fig. 1). These 

two lithologic assemblages are always separated from each other 
by large extensional detachments (Martínez Catalán and Arenas, 
1992; Díaz García et al., 1999b; Martínez Catalán et al., 2002; 
Castiñeiras, 2003). In spite of this tectonic separation, both 
assemblages are considered parts of the same far-traveled alloch-
thonous terrane (Arenas et al., 1986; Martínez Catalán et al., 
1997), based on their lithologic similarity and coeval tectonother-
mal evolution. During accretion, the lower parts of this terrane 
reached great depths, developing high-P and high-T metamor-
phism, whereas the intermediate and upper parts evolved under 
an intermediate-P gradient.

The more salient feature in the tectonothermal evolution 
of the upper units is their polymetamorphic nature. Abati et al. 
(1999) and Fernández-Suárez et al. (2002) have shown that the 
medium- and high-T units underwent a fi rst metamorphic event 
at the Cambrian-Ordovician boundary (500–480 Ma; U-Pb on 
zircon and monazite by TIMS in paragneisses), in addition to a 
younger, Early Devonian event (400–380 Ma; U-Pb in monazite, 
titanite, and rutile by TIMS in paragneisses). In this context, an 
accurate interpretation of the chronology of the high-P and high-
T event is diffi cult, and it is only possible by precise analysis of 
zircons (U-Pb with the secondary ion mass spectrometry (SIMS) 
method). The most recent data suggest that the Early Devonian 
event is responsible for the high-P and high-T event (see Fernán-
dez-Suárez et al., this volume). Hence, this metamorphism is 
viewed as early Variscan and related to the early development of 
the orogenic wedge (Ordóñez Casado et al., 2001). Interpretation 
of the older Cambrian-Ordovician metamorphic event is much 
more uncertain, though a relationship with volcanic-arc activity 
has been suggested (Abati et al., 1999, 2002).

High-Pressure and High-Temperature Upper Units

The HP-HT upper units consist of a varied lithological suc-
cession that includes migmatitic paragneisses, eclogite, high-P 
mafi c granulite, gabbro and coronitic metagabbro, metaperido-
tite, metapyroxenite, and scarce orthogneisses, as well as their 
retrogression products, including several types of amphibolite, 
greenschist, chlorite schist, and serpentinite (Vogel, 1967; Gil 
Ibarguchi et al., 1990; Arenas, 1991; Mendia, 2000; Arenas and 
Martínez Catalán, 2002).

Complex internal structure hinders precise reconstruction 
of the original lithologic succession, but in the Cabo Ortegal 
Complex, the sequence consists of, from bottom to top, a thick 
layer of mantle-like ultramafi c rocks, mafi c rocks of probable 
gabbroic origin, and a thick pile of sediments intruded by mafi c 
rocks (gabbro and diabase). Considering that the presence of a 
thick terrigenous sedimentary succession is not characteristic of 
common oceanic domains, Arenas et al. (1986) suggested that an 
island-arc environment, either a back arc, a fore-arc or an intra-
arc, seems to be the more probable dynamic setting for the origin 
of the upper units. The isotopic ages obtained for the protoliths 
of some high-P mafi c and ultramafi c rocks (ca. 500 Ma; Ordóñez 



Casado et al., 2001; Santos et al., 2002; Fernández-Suárez et 
al., this volume) place the age of this arc at the Cambrian-Ordo-
vician boundary.

Intermediate-Pressure Upper Units

These units consist of a thick pile of terrigenous metasedi-
mentary rocks intruded by large gabbro and granitic bodies, as 
well as many smaller igneous bodies with variable composition 
(diorite, tonalite, and some more felsic lithologies). These units 
crop out widely in the central Órdenes Complex (Fig. 1) and 
are poorly represented in the Cabo Ortegal Complex (Castiñei-
ras, 2003). Geochronologic data from the largest igneous bodies 
(U-Pb on zircon by TIMS; Abati et al., 1999) have yielded 499 
± 2 Ma in the Monte Castelo Gabbro, in the western Órdenes 

Complex, and 500 ± 2 Ma in the Corredoiras Orthogneiss, in the 
eastern part of the same complex. These data are similar to other 
protolith ages in the HP-HT upper units and confi rm the coeval 
nature of felsic-mafi c magmatism in the upper units. Moreover, 
Fernández-Suárez et al. (2003) obtained a maximum age of 
sedimentation of ca. 480 Ma for turbidite deposits of the upper-
most part of these units (U-Pb laser-ablation inductively coupled 
plasma–mass spectrometry [ICP-MS] on detrital zircons). It is 
clear from these data that rock formation in the intermediate-P 
upper units mostly occurred between the Late Cambrian and the 
Early Ordovician, although present data cannot exclude the pres-
ence of older lithologies in the metasedimentary series surround-
ing the large igneous massifs.

The uppermost parts of the intermediate-P units in the 
Órdenes Complex consist of 2000–3000 m of turbidites with a 

Figure 9. Reconstruction of Pangea in the vicinity of Iberia (based on Lefort, 1989; Skehan and Rast, 1995; Martínez Catalán et al., 1997). The 
fi gure shows the present position of the Avalon terrane and the allochthonous complexes of northwest Iberia. RHZ—Rhenohercynian zone; 
SPZ—South Portuguese zone.



probable Ordovician age (Fernández-Suárez et al., 2003). The 
lithologies are fl ysch-like and consist of alternating graywackes 
and pelites, with scarce conglomerate. Coarse-grained graywacke 
and conglomerate contain abundant igneous rock, slate, chert, 
and bipyramidal quartz fragments. The abundance of igneous 
rock fragments and the immature character of the graywackes, 
together with the geochemical characteristics of some metaig-
neous rocks of other intermediate-P upper units (Andonaegui et 
al., 2002; Castiñeiras, 2003), suggest an island-arc setting for the 
assemblage. The lack of volcanic successions indicates that the 
upper parts of the arc edifi ce have not been preserved, whereas 
the turbidites probably represent the fi lling of a forearc or back-
arc basin. Such an island arc would have been generated in the 
peri-Gondwanan realm, according to the age populations yielded 
by the detrital zircons from the turbidites (Fernández-Suárez et 
al., 2003).

Considering the tectonothermal evolution of the intermedi-
ate-P upper units, their lowest parts exhibit metamorphic con-
ditions of intermediate-P granulite facies (Abati, 2002; Abati 
et al., 2003), while the middle parts were recrystallized in the 
amphibolite facies, and the uppermost parts only reached the 
greenschist facies. According to their structural and metamor-
phic characteristics, the upper intermediate-P and HP-HT units 
defi ne a section of an orogenic wedge with up to 10 km of pres-
ent thickness, where the metamorphic grade increases gradually 
from top to bottom. However, the currently observed section is 
only a remnant of a thick pile, which, according to the P-T con-
ditions deduced for the HP-HT mineral assemblages, attained a 
thickness of 70–80 km.

TERRANES AND ACCRETIONARY HISTORY

The allochthonous complexes of the Galicia-Trás-os-Mon-
tes zone can be grouped in several terranes, some of which under-
went very large displacements before accretion to the Variscan 
orogenic wedge and so are considered far-traveled terranes. The 
origin and meaning of these terranes as well as their evolution 
during the Paleozoic have been the object of recent contributions 
(Martínez Catalán et al., 1997; Díaz García et al., 1999a; Mar-
tínez Catalán et al., 1999; Andonaegui et al., 2002; Castiñeiras, 
2003; Sánchez Martínez, 2003), which have improved the under-
standing of the Paleozoic evolution of the peri-Gondwanan realm 
where the Iberian Massif is located (Figs. 9 and 10).

As described in the previous section, the upper units of 
the allochthonous complexes (both HP-HT and intermediate-P 
upper units) seem to form part of a single allochthonous terrane, 
accreted to Laurussia during an eo-Variscan event (ca. 420–400 
Ma; Fig. 10C), the lower parts of which were affected by high-P 
and high-T metamorphism. The accretion to Laurussia occurred 
after the complete closure of an intervening ocean, which could 
have been the Iapetus (Scotese, 2001; Stampfl i and Borel, 2002) 
or the Tornquist Ocean, depending on the unconstrained paleopo-
sition of Iberia at that time. The ophiolites related to that suture 
could have overlain the upper units of the allochthonous com-

plexes (Fig. 10C) but are not represented in the northwest Iberian 
Massif. They could be presently located in the submerged conti-
nental margin of Galicia, in the Grand Banks of Newfoundland, 
and/or in the poorly exposed and poorly known Tornquist suture, 
depending on the correlation between the upper units of the Gali-
cia-Trás-os-Montes zone and the allochthonous terranes of North 
America and Central Europe (Figs. 9 and 10). It seems that the 
fi rst eo-Variscan tectonothermal event recorded in the upper units 
of Galicia occurred ca. 420–430 Ma, and hence, it is somewhat 
younger than the estimated time of accretion of Avalon to Lau-
russia, dated at 460–430 Ma (Cawood et al., 1995; Murphy et 
al., 1995).

The geochemical characteristics of the metaigneous rocks 
in the upper units suggest generation in an island-arc setting 
(Andonaegui et al., 2002; Santos et al., 2002; Castiñeiras, 2003). 
The immature and turbiditic character of the low-T metasedi-
ments that occupy the uppermost parts of these units also favors 
an island-arc setting. Hence, the upper units probably represent 
different parts of an island arc that evolved near the Cambrian-
Ordovician boundary in a peri-Gondwanan realm (Abati et al., 
1999; Santos et al., 2002; Fernández-Suárez et al., 2003). The 
high-T metamorphic event that affected the upper units at 500–
480 Ma (Abati et al., 1999; Fernández-Suárez et al., 2002) was 
probably related to the evolution of this arc.

The more problematic aspects of the evolution of this island 
arc are its precise location in the peri-Gondwanan realm and 
whether or not it formed part of the Avalon microcontinent. Tak-
ing into account the different terranes preserved in northwest 
Iberia, this island arc was separated from Gondwana by an oce-
anic domain represented by the lower ophiolitic units. The name 
Galician ocean is used in this contribution, but it can equally be 
considered as a part of the large Rheic Ocean, which probably 
developed behind an island arc (see the paleomap of Scotese 
[2001] for the Avalonian domain at 480 Ma).

In Galicia, the metabasic rocks of the lower ophiolites have 
compositions suggesting an origin in a marginal basin (Sánchez 
Martínez et al., this volume), and some of the ophiolites include 
thick metasedimentary formations alternating with the mafi c 
rocks. These facts suggest that most of the mafi c rocks in these 
ophiolites were derived from volcanic rocks. In this context, the 
island arc represented by the upper units might have originated 
as a volcanic arc associated with the northern continental margin 
of Gondwana (Fig. 10A). The drift of the arc from the continental 
margin caused the opening of a marginal basin (Fig. 10B), which, 
according to the available continental reconstructions for the Cam-
brian-Ordovician boundary, should have been connected with the 
early opening of the Rheic Ocean. The age populations of detrital 
zircons from turbidites support this interpretation (Fernández-
Suárez et al., 2003). This model is similar to that proposed for the 
rapid opening of the Sea of Japan in middle Miocene time, which 
caused a very rapid drift of a volcanic arc from the continental 
margin of Eurasia toward the Pacifi c Ocean. In the present island 
arc, represented by the Japanese Islands, only the metamorphic 



Figure 10. Proposed Paleozoic evolution of the terranes included in the allochthonous complexes of northwestern Iberian Massif. The reconstruc-
tion shows the tectonic setting of terrane generation in the peri-Gondwanan realm during Cambrian and Ordovician times, the accretion of these 
terranes to Laurussia, and the fi nal collision between Laurussia and Gondwana. Plate confi guration during Cambrian and Ordovician times is 
largely based in Scotese (2001). The name Galician ocean defi nes the oceanic domain originated by the opening of a marginal basin in the peri-
Gondwanan realm. This Galician ocean could represent either a part of the larger Rheic Ocean, or the fi rst stages of the opening of this ocean 
in its eastern branch (see Scotese, 2001). 



belt located to the west, the Hida belt, preserves remnants of the 
Eurasian basement (Dallmeyer and Takasu, 1992).

Closing of the Galician ocean probably began in Late Silu-
rian–Early Devonian times and seems to have occurred through 
intraoceanic subduction (Fig. 10D). The upper ophiolitic units, 
which are dated at ca. 395 Ma (Díaz García et al. 1999a) and that 
reveal chemical compositions characteristic of suprasubduction 
zone ophiolites (Pin et al., 2002; Sánchez Martínez et al., this 
volume), were formed at this time (Fig. 10D). These suprasub-
duction zone ophiolites were soon subducted and accreted below 
the upper units (ca. 391–376 Ma). Later on, the accreted rem-
nants of these ophiolites, together with some remnants of the 
early opening of the Galician ocean, located closer to the Gond-
wanan continental margin, were accreted to the orogenic wedge 
and preserved as the lower ophiolitic units (Fig. 10E).

There is general agreement on the interpretation of the basal 
units as the outer edge of the Gondwanan continental margin 
(Arenas et al., 1986; Martínez Catalán et al., 1996). This rela-
tively thin continental crust was subducted during the fi rst stages 
of the collision, when the Variscan deformation reached Gond-
wana (ca. 380–370 Ma; Rodríguez et al., 2003; Fig. 10F). This 
margin was the site of voluminous but poorly studied 460–480 Ma 
magmatism during the Early to Middle Ordovician. The meaning 
of this magmatism is unclear, although it is generally assigned to 
rifting on the Gondwanan margin. However, this crustal extension 
is somewhat younger than the drifting away of the upper units from 
Gondwana, and it could refl ect the local opening of a small ocean 
basin separating the basal units from mainland Gondwana. The 
Somozas mélange, structurally below the basal units of the Cabo 
Ortegal Complex that include an ophiolitic association, makes this 
hypothesis feasible, although confi rmation will have to wait until 
new isotopic ages and a detailed geochemical data are available.

No ophiolites underlie the schistose domain, which is in 
thrust contact above the metasedimentary series of the Central 
Iberian zone. So, no suture is present between the autochthon 
and parautochthon, and no signifi cant differences in the meta-
morphic evolution have been found between both assemblages. 
Consequently, the parautochthon cannot be considered an exotic 
terrane. Rather, it may be a tectonic unit that belonged to the 
Gondwanan continental margin and was incorporated below the 
allochthonous complexes during emplacement.
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