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ABSTRACT

Many mineralizations, showings and geochemical anomalies
have been found in the Hercynian of the Catalonian Coastal Ranges
during the last ten years. Many of them are enclosed in the
Paleozoic sediments and volcanics and display pre-metamorphic
syngenetic characteristics. The lower Carboniferous manganese
and base metal deposits appear to be formed from hydrothermal
fluids springing up in the sea floor through active fractures controlling
the filling of the basins in aextensional geotectonic setting. Although
less evidence and more controversy is available, similar ore forming
processes could have taken place in older Paleozoic times. The
deformation and metamorphism have not played an important
remobilization role, and most epigenetic deposits of Hercynian age
are related to the hydrothermal cells induced by the post-meta-
morphic granitic intrusives.

Key words: Sedex. Base metals. Metallogeny. Hercynian. Carbo-
niferous. Extensional tectonics.

RESUMEN

Numerosas mineralizaciones, indicios o anomalias geoquimicas,
han sido localizadas durante los iltimos afios en el Hercinico de las
Cordilleras Costeras Catalanas. Muchos de ellos se localizan en
metasedimentos o metavulcanitas y evidencian caracteristicas singenéticas
pre-metamérficas. Diversas mineralizaciones de manganeso y me-
tales base en el Carbonifero Inferior se depositaron por el vertido de
soluciones hidrotermales en un fondo submarino, a través de frac-
turas sinsedimentarias que controlaban a su vez la morfologia de la
cuenca, en un contexto geodindmico de extensién. Aunque con

reservas, similares procesos metalogenéticos habrian actuado en el
Paleozoico Inferior del drea. La deformacién y el metamorfismo
regional hercinicos no han actuado en este sector como un impor-
tante reconcentrador de menas, y lamayor parte de indicios epigenéticos
de edad tardihercinica estdn relacionados a las células hidrotermales
inducidas por las intrusiones graniticas post-metamérficas.

Palabras clave: Sedex. Metales-base. Metalogenia. Hercinico.
Carbonifero. Tecténica extensional.

INTRODUCTION

The Hercynian materials of the Catalonian Coastal
Ranges (CCR) are constituted by Paleozoic metasediments
and metavolcanics and post-metamorphic granitic
intrusives. They are outcropping, often in limited
surfaces, inside ranging NE-SW horst structures gen-
erated by the Neogene tectonics. The age, as well as
the metamorphic grade of the Paleozoic series, de-
creases from the northern to southern outcrops, the
lower Paleozoic and high metamorphic grade generaily
being found in the Montseny and Guilleries Massifs,
whilst the anchimetamorphic Carboniferous predominates
in the Priorat-Serra de Prades outcrops (Fig. 1).

A distinction will be made in the following pages
between pre-Carboniferous and Carboniferous according
to the available data on the geology and ore deposits.
These are more scarce and contradictory in the first
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Figure 1.- Distribution of hercynian ore showings into Catalonian Coastal Ranges: 1) Pb-Zn bearing prehercynian series from El Molar; 2) Mn
bearing tournaisian sedex (Priorat); 3) Cu-Zn-Pb-Ag bearing namurian sedex (Alforja); 4) Cu-Pb-Zn bearing namurian sedex (Ulldemolins);
5) Cu-Sn bearing late-hercynian vein (Alforja); 6) Pb-Zn bearing visean sedex (L’ Argentera); 7) Cu-Zn-Ag-Au bearing skarn (Alforja); 8) Zn-
Pb-Ag-Au-Sn bearing skarn (La Selva del Camp); 9) Cu-Zn-Fe bearing skarn (Les Borges del Camp); 10) W-(Pb-Zn-Mo-Bi-Ag) bearing veins
(Poblet); 11) Cu bearing LLandoverian sedex {(Poblet); 12) P-Fe bearing silurian sedex (Gava); 13) W-Cu-Pb-Zn-Sn bearing skarn (Gualba);
14) Sant Mart{ Sacalm cambrian with Pb-Zn-W ores; 15) Sant Julia de LLor with Pb-Zn-Cu ores; 16) Fe silurian ores (Malgrat); 17) Cu bearing
skarn (Orsavinya). Geology slightly modified after Julivert ez ai. (1987).

case, mainly due to the higher deformation and meta- Most of the lower Paleozoic sediments outcrop in
morphism and to the availability of representative the Guilleries and Montseny Massifs and are consti-
exposures. tuted of a leucocratic gneiss overlain by a thick pile of

schists and fine grained sandstones with carbonates,
amphibolites and silicates interbedded in its lower
part. The ensemble is deformed and affected by the
PRE-CARBONIFEROUS Hercynian metamorphism of medium to high grade.
These lithologies can be broadly correlated with the
Canavelles and Jujols series (Cavet, 1957), and other
ones described as Cambro-Ordovician in the Eastern

The pre-Carboniferous of the CCR have been Pyrenees (Ayora and Casas,1986; Carreras and Santa-
synthetically described by Julivert et al. (1987). The nach,1983). The age of the whole series is unknown,
series display such significant differences from those they are overlain by fossiliferous Caradoc-Asghill and
of adjacent Hercynian provinces,that they have moved are traditionally considered as the most ancient sediments
these authors to propose a facial Mediterranean province. in the CCR.
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The lower part is the most interesting one from the
ore mineralization point of view (fig. 2). A conspicu-
ous horizon of carbonates overlies the basal gneiss of
Sant Marti Sacalm (Guilleries) and encloses metric
sized masses of calcosilicates. Pyrrhotite, sphalerite
and magnetite, with minor amounts of fluorite, galena,
chalcopyrite and scheelite, can be found disseminated
in the calcosilicates. The ores occupy interstitial
positions among undeformed hedenbergite crystals of
metasomatic aspect (skarn). However, Gimeno and
Viladevall (1983) describe millimetric size bands of
scheelite enclosed in the calcosilicates and in the
contiguous carbonate. The bands are affected by the
main Hercynian folding and consequently interpreted
as a mineralization syngenetic to the carbonate forma-
tion.

The carbonates from Sant Julia de Llor (Guilleries),
located in a similar stratigraphic setting, bear disseminations
of idiomorphic and undeformed crystals of galena,
associated to quartz and ankerite. They are attributed
(Gimeno and Viladevall, 1983) to sedimentary- diagenetic
ores lately recrystallized by the nearby intrusion of an
Hercynian granite. According to the former authors
the ores have been lately reconcentrated in karstic
cavities.

Several ore showings and geochemical anomalies
are also found in the same stratigraphic position,
though more than 60 km in the Guilleries Massif, as
well as in Breda area, in the southern Montseny.
Gimeno and Viladevall (1983) attribute the whole
ensemble of mineralizations to the establishment of
the Cambrian platform beneath an active volcanic
paleorelief. The gneiss and amphibolites are the lithological
representation of a volcanic event whose exhalative
activity probably supplied the metals into the basin.
The lack of reliable stratigraphic markers, the defor-
mation and metamorphic grade, as well as the expo-
sure conditions do not allow progress in the detailed
reconstruction of the paleogeography of the basin.

From the regional point of view, syngenetic ore
deposits can also be found in a comparable lithological
and structural setting in the Cambro-Ordovician from
the eastern Pyrenees (Ayora and Casas, 1986,87).

-

Figure 2.- Distribution of ore showings into the prehercynian series.
Geology modified after Julivert ez al. (1987). Symbols: 1) quartzite;
2) shales and sandstones; 3) limestone; 4) chert; 5) basic volcanics;
6) acidic to intermediate volcanics; 7) greywackes; 8) conglomerates;
9) gneiss; 10) amphibolites; 11) dolostones; 12) chalcarenites; 13)
shales
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Furthermore, a great number of mineralizations and
several large deposits of As-Au and base metals have
been also described in the Cambrian series throughout
the Hercynian orogen, and especially in the northwest-
ern Mediterranean province (Crouzet and Tollon,1980;
Cocozza et al., 1974; Foglierini et al., 1980a,b).

On the other hand, a series made up of shales,
sandstones and carbonates is found outcropping in the
western Priorat. A several meters thick horizon of
scapolite-bearing dolomite constitutes the top of the
carbonates. No data are known about the age of these
materials, although a quartzite strata lying on the
carbonates is very similar to the one in the Serra de
Miramar which has been attributed to the lower Cam-
brian due to ichnofossils. The former series contains
pyrrhotite, sphalerite, galena and chalcopyrite dis-
seminated in centimetric thick levels of calcsilicates
and black shales (Melgarejo and Ayora, 1989b). They
are probably syngenetic sulfides formed in an anoxic
sea floor of a near-shore evaporitic environment. The
ensemble has been lately affected by the thermal meta-
morphism induced by a Hercynian granite.

The upper Ordovician mainly outcrops in the north-
ern CCR, in the Gavarres and Guilleries Massifs. Itis
made up of a siliciclastic series, with a basal mud
supported conglomerate, and a large representation of
explosive volcanics. The volcanic character is pro-
gressively lost towards the top of the sequence where
thin limestone layers appear. This series, of Caradoc-
Asghill age, are the most ancient dated sediments in
the CCR and the Pyrenees. Julivert et al. (1987) de-
scribe a transitional boundary between the described
series and the underlying schists and sandstones at-
tributed to the Cambro-Ordovician, whereas Ferrer
(1989) interpret it as an unconformity, similar to that
described in the eastern Pyrenees (Santanach,1972).

Several lenses of massive sulfides have been de-
scribed (Ferrer,1989) interbedded with the volcanics
in Sant Marti Sacalm (Guilleries). The deposit is
mainly constituted of pyrrhotite and pyrite with
sphalerite,galena and chalcopyrite, and seems to later-
ally give way to small showings richer in galena.
Several geochemical anomalies have also been des-
cribed in calcsilicates and sediments of volcanic affin-
ity of upper Ordovician age in the Gavarres,Guilleries,
Montseny massifs as well as in the area surrounding
Barcelona (Alcalde,1984; Carmona,1987; Ferrer,1989).

Furthermore, the epigenetic Fe-oxides enclosed in
the pre-Caradocian carbonates and schist from Celra
(Gavarres), have been attributed (Ferrer,1989) to an
epithermal system also linked to the upper-Ordovician
volcanics. Although the outcrops of all these lithologies
are spacially close, the Hercynian deformation and the
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limited exposure prevent the establishing of a defini-
tive morphological and genetic model.

The available data for a paleogeographical recon-
struction of the upper Ordovician are still scarce and
contradictory. From the calcalkaline chemical trend
of the volcanics and their association to the thus
considered turbiditic sediments, Julivert et al. (1987)
propose a compressive-orogenic event for this epoch.
They also suggest that the volcanism could be related
to the emplacement of acidic igneous intrusives now
appearing as the orthogneiss described at the base of
the Cambro-Ordovician series. On the other hand,
Ferrer (1989) proposes a different geodynamic setting
comparable to that described for the upper-Ordovician
from southern Sardinia (Gimeno,1989). It is based on
extensional tectonics creating a submarine topogra-
phy of horst and grabens. Although the fractures
modelling this topography have not been detected yet,
the important changes in thickness and facies of the
clastics, as well as the accompanying volcanics sug-
gest their proximity. According to Ferrer (1989) the
massive sulfides from Sant Marti Sacalm (Guilleries)
were formed from exhalative activity in the basin and
are consequently found in the referred proximal facies.
The remaining showings and geochemical anomalies
from the Montseny and nearby Barcelona could corre-
spond to more distal facies (Plimer, 1978), without
important development of volcanics.

Syngenetic ore deposits as well as volcanism are
also frequently found in the upper Ordovician from the
Pyrenees. Thus, important stratiform Zn(Pb) massive
sulfides have been described, whether inside volcanics,
such as in Pyerrefitte (Bois et al, 1976), or in sedi-
mentary piles with a slight or no volcanic influence,
such as in Liat, Pale Rase and Bentaillou (Cardellach,
1977; Pouit, 1978; Guerin, 1981). There is a general
agreement on attributing the sulfide lenses, as well as
the associated monomineralic sediments (chloritites,
cherts, anortitites,...) to submarine exhalative sources
close to upper Ordovician active fractures.

Similarly to the Pyrenees, the Silurian is repre-
sented by a characteristic facies of graptolite-bearing
black shales with chert, basic volcanics and sandstone
interbeddings. The upper Silurian and the Devonian
are made up of nodular limestones, marls and shales
with pelagic and hemipelagic faunas (Julivertet al.,1987).

The upper part of the black shales very often con-
tain important disseminations of iron sulfides locally
achieving centimetric thick lenses such as in Pineda
(Montnegre). However, the most interesting minerali-
zationis located in the Serra de Prades (Melgarejo,1987),
where a pyrrhotite-rich horizon rises up to metrical
thickness over several kilometers in length and also
contain chalcopyrite, sphalerite, galena and silver tellurides.



The sulfide mineralization is thought to be formed
from hydrothermal solutions springing up in the Silurian
euxinic basins (Carmona and Viladevall,1984; Mel-
garejo,1987). The presence in the black shales of
tuffaceous thin beds and basaltic sills of alkaline
chemistry (Julivert et al.,1987) points to an extensional-
anorogenic regime which can account for the active
faulting and the thermal anomaly needed for the
hydrothermal activity. Thus, Gimeno (1989) descri-
bes sulfides filling vacuolae and stockworks in the
basalts from the southern Montseny.

This euxinic environment contrasts with the iron
oxide and sulfate mineralizations enclosed in the up-
per Silurian limestones. Important masses of hematites
have been mined in Malgrat (Montnegre) and in minor
amounts in Gava, near Barcelona. The origin of this
type of mineralizations is uncertain. Carmona and
Viladevall (1984) suggest that the oxides from Malgrat
come from the weathering of the preexisting sulfides
enclosed in the black shales. On the other hand,
stockworks filled up with Fe-Al sulfates and phospha-
tes and associated to an advanced argillitic alteration
(alunite-kaolinite) can be observed in the Silurian
black shales underlying the oxide lenses of Gava. The
whole structure has been affected by the main Hercynian
deformation. Very similar phenomena has been de-
scribed (Melgarejo, 1987) in the Silurian shales of
Serra de Miramar and attributed to an epithermal
system linked to the vanishing Silurian hydrothermalism.

CARBONIFEROUS

The Carboniferous is separated from the rest of pre-
Carboniferous by a disconformity and perhaps by an
unconformity (Julivert et al.,1987). A widespread
sedimentation of clastics with intraformational breccias,
disconformities and sharp changes in facies and thick-
ness characterizes the lower Carboniferous. Intraplate
alkali volcanics can be found enclosed throughout the
sedimentary pile, being more abundant in the basal
part. Thanks to the activity of an extensional tectonics
affecting a basement of different ages a submarine
topography of rises and grabens were installed in the
southern CCR (Priorat,Serra de Prades, Serra de Miramar
area) from Tournaisian to Namurian time. The raised
areas are characterized by pre-Carboniferous materi-
als overlain by a very condensed sequence of pelagic
limestones. On the other hand, the subsident basins
are characterized by thick piles of clastic sediments.
A more than a thousand meter thick pile of turbiditic
sediments (Bouma,1962) disconformably overlies the
lower Carboniferous. The age of this series has not
been established yet ranging from upper Namurian to
Westfalian.

The systematic exploration of the lowet Carbonif-
erous has recently lead to the discovery of numerous
syngenetic mineralizations (Fig. 3) and the reinterpre-
tation of formerly known ones. The larger outcropping
areas, the very low grade of metamorphism and incipi-
ent development of the foliation, as well as the amount
of available information on the geological setting,
allows us to propose an ore deposit genetic model
more complete than those suggested for older Paleozoic
epochs.

A metric thick horizon of organic matter-bearing
chertis conspicuosly found at the base of the Tournaisian
from the Priorat. It encloses lenses and nodules of
primary rhodochrosite subsequently transformed into
Mn-silicates by thermal metamorphism and lately weathered
to Mn-oxides that have been occasionally mined (Melgarejo
and Ayora, 1989a). Small amounts of base metal
sulfides and Ni-Co-As-Sb-Te-W minerals are also
found disseminated in the chert.

This type of manganese mineralization in silicic
sediments has been described in several points of the
western Mediterranean Hercynian belt and there is a
general agreement on attributing it to submarine exhalative
processes (Crilat,1983; Leyva et al.,1986). Further-
more, manganese oxides can also be found as nodules
and filling vacuolae of the basalts from Serra de
Miramar formed in a shallow sea floor. Because these
volcanics are also situated at the base of the Tournaisian
Melgarejo and Ayora (1989a) relate them to the man-
ganese mineralization in cherts, the mineralogical dif-
ferences being due to changes in oxygen activity of the
medium.

With the exception of submarine rises, such as
those of the southern Serra de Miramar, subsidence
and sedimentation are very active during the Visean,
as evidenced by the predominance of thick accumula-
tions of coarse clastics over the pelites. The minerali-
zation is characteristically represented throughout the
Visean by disseminations of base metal sulfides and
monomineralic lithologies (chert, chlorite, epidote,
albite,etc.) of reputed exhalative origin (Bernard et al.,1982;
McLeod and Stanton,1984). Despite the ore supply
into the basin the high energy of the sedimentary
regime prevents the accumulation of large amounts of
ores. Thus, most of the Visean mineralizations are
disseminations in sandstones, and a massive sulfide
lense found in L’Argentera (Priorat area) displays a
channel- like morphology and textures evidencing
intensive reworking of the ores (cross bedding, gradded
bedding, brecciae,etc.).

More favourable ore forming conditions take place
during the Namurian in the Priorat and Serra de Prades
area. Whilst the tectonic unstability continues in the
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margins, fine grained clastics and some carbonates
become predominant in the center of the basins. The
low energy sedimentary regime allows the exhalative
products to accumulate and be preserved in particular
points. Thus, the ores form lens-like bodies of centimetric
tometric thickness and hectometric extension at L’ Alforja.
They are interbedded with chert, chamosite, ankerite
and other monomineralic sediments. A clear vertical
ore zonation can be observed, the base being mainly
made up of pyrrhotite, chalcopyrite and Bi-Te-Ag
minerals, whereas pyrite, together with sphalerite and
galena are more abundant towards the top of the body.
The sulfide mass ranges laterally to small lenses of
galena, sphalerite, hessite and pyrite. Small deformed
veinlets (stockwork), made up of epidote, chlorite,
magnetite, chalcopyrite and scheelite, are situated
below the main sulfide lens and seem to suggest the
feeder channels for the ore forming solutions. The
lateral zonation is also evident in the Ulldemolins
deposit (Priorat) enclosed in a limestone horizon. The
center of the mineralization is constituted by an epidote
and quartz mass, with magnetite, chalcopyrite and
sphalerite, and gives way to centimetric levels of
chamosite with galena,sphalerite and scheelite towards
both sides of the central mass. The ore body morphol-
ogy, host lithologies and internal zonation are charac-
teristic of the deposits generated in the sea floor from
exhalative source (Finlow-Bates, 1980; Pouit, 1988).

Despite the enormous development of turbidites in
the Priorat-Serra de Prades region during the middle-
upper Carboniferous, only very scarce disseminations
of base metal sulfides have been observed in the Tc
terms (Bouma, 1962) at the base of the sequence. The
lack of mineralizations in the turbidites is consistent
with that expected from these facies traditionally re-
puted as «negative metallotecte» (Nicolini, 1970).

The paleogeographical and geodynamic setting of
the mineralizations enclosed in the lower Carbonifer-
ous, their association to monomineralic horizons, and
the morphology and zonation of the ore bodies are
perfectly coincident with those described as exhalative-
sedimentary (Pouit, 1984) or sediment-hosted stratiform
massive sulfide deposits (Large, 1983) and with those
described as recent mineralizations in the Red Sea
floor (Guennoc et al., 1984). The proposed geodynamic
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Figure 3.- Distribution of ore showings into the lower carbonife-
rous series. Geology after J.C. Melgarejo, C. Ayora and J. Sanz.

and ore forming process are consistent with the Devonian-
Dinantian extensional geotectonics suggested for the
northwestern Mediterranean province (Spaletta, 1982;
Bichot, 1986) and with the arcogenesis (thinning of
the Earth crust) proposed as the tectonic setting of the
large sediment-hosted massive sulfide deposits of the
upper Paleozoic trough (Bauman et al., 1985;
Bauman,1986).

POSTMETAMORPHIC HERCYNIAN DEPOSITS

A calcalkaline suite of plutonic rocks of I-type,
ranging in time from diorite to leucogranite, intruded
the Paleozoic metasediments developing aureolas of
thermal metamorphism (Enrique, 1981). These rocks
intruded in epiplutonic to subvolcanic level and are
accompanied by a set of dykes of similar composition
and porphyritic texture, locally giving breccia struc-
tures (Serra, 1987; Serra and Enrique, 1989).

The Hercynian deformation and the metamorphic
fluids do not play an important role as ore concentra-
tion processes in the CCR. Thus, most of Hercynian
epigenetic mineralizations are related to the hydrothermal
cells induced by the postmetamorphic granitic intru-
sions. Two types can be differentiated according to
the main morphological criteria: skarns and veins.
With the exception of tin, all of the metals constituting
the epigenetic mineralizations are also found in the
syngenetic ones enclosed in the Paleozoic series, thus
displaying an interesting case of ore remobilization
and inheritance.

The skarns are spread all through the CCR. They
are mainly exoskarns and show no preference for a
particular regional carbonate. Thus, calcic and magnesic
skarns with scheelite, fluorite, chalcopyrite, molibdenite,
sphalerite and galena, are replacing the Cambro-Ordovician
carbonates in Gualba (Montseny). Small sulfide-rich
hedenbergite skarns are also found developed in the
same carbonates at the contact with granitic dykes
from the Guilleries massif. Magnetite and chalcopyrite-
bearing skarns have developed in the upper Ordovician
carbonates from Hortsavinya (Montnegre), and small
skarns with Sn-bearing andradite, sphalerite, chalcopyrite,
galena, arsenopyrite, gold and Bi-Te-Ag minerals are
found replacing thin strata of Carboniferous lime-
stones in the Serra de Prades-Priorat area (Melgarejo,
1987).

A detailed study of the Hercynian veins from the
CCR is still required. Nevertheless a relationship
between the ore association and the enclosing or proximal
granite type seems to appear from the available data.
Thus, several arsenopyrite-pyrrothite-sphalerite-ga-
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lena-chalcopyrite veins are enclosed or nearby the
diorites of Rindecanyes (Priorat area), and various
stannite-cassiterite-chalcopyrite quartz veins are re-
lated to the tonalites of L’Alforja (Serra de Prades
area), all of them associated to an intensive chloritic
wall rock alteration (Melgarejo, 1987). The ores of
these veins display annealing textures and the accompanying
minerals are locally transformed into calcsilicates.
These features point to a subsequent thermal metamorphism
probably caused by the later intrusives of more acidic
composition, such as the leucogranites.

Moreover, numerous scheelite-bearing quartz veins
and joints are found in granites throughout the CCR
(Enrique, 1982; Viladevall et al., 1984; Tritlla and
Cardellach, 1988). Among them the veins from Poblet
(Serra de Prades) are the most important ones. They
are a system of parallel veins enclosed in Ca-rich
granites plotting around an outcrop of alkali granite
(Melgarejo and Ayora, 1984). The scheelite is thought
to be carried by a hypersaline fluid equilibrated with a
granitic magma, and precipitated at about 800 bars and
more than 400 °C, due to the Ca supply of the altered
plagioclase of the enclosing rock (Ayora et al., 1986).
The Ca-rich enclosing granite and the very low range
of the wall rock alteration distinguished the CCR type
of scheelite veins from those enclosed in albite-greisen
cuppolas from the Hercynian tungsten province (SW
England, French Central Massif, Iberian Massif).

Other basement-confined Pb-Zn-Cu veins with quartz,
dolomite or calcite gangue have been related (Melgarejo,
1987) to a metallogenetic event associated to the latest
Hercynian faulting. Canals (1989) has demonstrated
they are formed without influence of igneous source-
fluids, and they are described with the rest of post-
Hercynian low temperature veins (Cardellach et al.,
this volume).
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