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LEAD-ZINC AND IRON
MINERALIZATIONS IN THE
URGONIAN OF THE
BASQUE-CANTABRIAN BASIN

Open-pit of the Reocin mine (Torrelavega, Santander). The
landslide affecting the left slope forced the exploitation to
stop a few months before its planned closure in 2003.
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The international relevance of the Urgonian (Aptian-
Albian) carbonate facies of the Basque-Cantabrian
Basin lies on its sedimentological, tectonic, paleogeo-
graphic, and particularly metallogenic significance.
The extension and quality of the Urgonian exposures
allow to establish sequences corresponding to the
development of carbonate ramps and shelves, and to
identify slope and basin facies transitions with unique
examples. At the same time, it presents several exam-
ples of great interest for the study of synsedimentary
tectonics. The existence and good preservation of
sedimentary bodies and structures allows for detailed
studies of basin evolution during the Aptian-Albian
time interval, increasing the knowledge on mecha-
nisms and chronology of the Biscay Bay opening. Due
to its scientific and economic relevance, in this chap-
ter we will also deal with the metallogenic processes
associated with Urgonian basin evolution, and with
the ore deposits present in the Urgonian sequences.

The Basque-Cantabrian Basin is located in the west-
ern end of the Pyrenees Mountain Range, surrounded
and limited by Paleozoic massifs: Asturian Massif to
the west, La Demanda Massif to the south, and Cinco
Villas and Quinto Real massifs to the east. This inner
plate basin formed during the Triassic related to the
beginning of the opening of the North Atlantic and, as
a consequence of the opening of the Biscay Bay, was
bounded to the northwest and southeast by transform
faults. Figure 1 shows the three domains considered
by Barnolas and Pujalte (2004) within the basin shown
schematically, and which approximately coincide with
the North Iberian and European paleomargin seg-
ments, especially from the Middle Cretaceous, when
these paleomargins were individualized.

During the Upper Jurassic and Cretaceous, thick
(15000 m) sedimentary piles were deposited with a
high sedimentation rate linked to important exten-
sional tectonic subsidence in the basin. These fault-

controlled subsidence was particularly active during
the Upper Jurassic-Lower Cretaceous, when the
rifting and basin opening processes continued. The
stratigraphic record from this period covers three big
complexes (Rat, 1959): the Upper Jurassic-Barremian
Wealdian Complex at the base (continental silici-
clastic sediments); the Aptian-Middle-Upper Albian
Urgonian Complex (shelf carbonates with rudists,
and basin shales with siliciclastic interbeds); and the
Upper Albian-Cenomanian Supra-Urgonian Complex
(deep turbidites and fluvial siliciclastic sediments).

The Urgonian Complex reaches a thickness of 4000
m of marine sediments. It is limited at the base by sili-
ciclastic formations of saline and fresh water environ-
ments, and at the top by a sandy complex. Its most
characteristic facies is limestone with rudists, corals
and orbitolinids. During the early Aptian (Bedoulian),
there was a very significant change in basin paleo-
geography: the dominant siliciclastic sedimentation
shifted to shallow marine sedimentation in a carbonate
shelf with rudists, corals and orbitolinids (Gargasian
or Upper Aptian), which was interrupted by erosion
and episodes of terrigenous input (shale, marl and
sandstone) located in depressions between the shelves
or relative highs (Garcia Mondéjar, 1990). This set is
formed by a group of megacycles or sequences sepa-
rated by discontinuities, whose synchronism allows to
evaluate thickness variations and strong lateral facies
changes. This process resulted from strong relative
subsidence in relation to structuring of the basin in
troughs and relative heights where carbonate shelves
developed.

In general terms, the Aptian-Albian interval cor-
responds to an important rift stage, originated by
the movements opening the Bay of Biscay (Garcia-
Mondéjar, 1989). This setting helped the rising of min-
eralizing fluids which metasomatized the Urgonian
limestone.

Figure 1, left. 1) Cantabrian Area, with Reocin, Novales, Emilia mine, Udias, La Florida and Cabarga.
2) Basque Area with the mines of Gallarta, Turcios and Mutiola.
To the right, Basque-Cantabrian Basin scheme (after Barnolas and Pujalte, 2004).
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From the metallogenic point of view, the Basque-
Cantabrian Basin is located in the North-Pyrenean
Belt, one of the Zn-Pb belts limiting a unigue metallic
domain between Galicia and the Alps (Routhier, 1980).
This singularity is shown within the basin by the exis-
tence of abundant Zn-Pb mineralizations presented
in varied types, settings and morphologies: vein-like,
replacements, associated to diapir margins, Mississippi
Valley type, sedimentary exhalative (sedex), etc.
Independently from the process and type of emplace-
ment, the mineralizations are in all cases related to
the shelf margin Urgonian limestones, where most of
them are hosted.

The economical and historical importance of the iron
mining district of Bilbao (and that of Pefia Cabarga,
Cantabria) must be emphasized. Abundant siderite
mineralizations, with different types and morpholo-
gies (vein-like or replacing), are always found in the
Urgonian limestone, dolomitized and silicified. Their
exploitation produced more than 300 million tons of
iron ore from the mid XIX century to the beginning
of the XX century, and were the main source for the
English iron and steel industry.

Both kinds of mineralization (Zn-Pb and Fe) are closely
linked to the same sedimentary system and are related
to a single metallogenic process, which belongs to a
specific stage of the basin’s evolution and of miner-
alizing fluids flow, which are channeled through the
synsedimentary faults. Mineral concentrations were
mainly caused by fracture and hydrothermal processes,
synsedimentary as well as post-synsedimentary, caus-
ing stratabound and vein-like ore deposits by replacing
the pre-existing carbonates and removing the previous
mineral concentrations. In all cases, and later in time,
surface weathering was responsible for the oxidation
cap deposits (gossan), developing different minerals
(goethite, limonite, hematite, etc.)

The metallic mineralizations of the Basque-Cantabrian
basin are linked to Urgonian carbonate rocks of Aptian
(Bedoulian and Gargasian) as well as Albian ages. The
geographical distribution of the main mineral concen-
trations shows a preferential east-west zonation. In
western Cantabria (Reocin), the Zn (Pb) prevails; west
of Vizcaya there are many Zn-Pb and Fe mineraliza-
tions, in the Bilbao sector the mineralization is almost
exclusively of Fe, and Zn-Pb again crop out south of
Guipuzcoa. Timing of mineral emplacement varies,
from simultaneous to subsequent to the sedimenta-
tion, and resulted from metasomatic replacement by
hydrothermal fluids (magmatic or diagenetic). Pre-
Urgonian siliciclastic deposits have been identified
to be the metal source, and even in metamorphic
and igneous domains due to the circulation of fluids
through deep faults (Garcia-Mondéjar et al., 2004).

Some mines stand out in this geological framework
as sites of geological and mining heritage due to their
metallogenic, economic and historical interest. Some
of them must be highlighted: Reocin, Novales, Udias,
La Florida and Cabarceno, in Cantabria; and the

mining districts of Gallarta (Vizcaya) and of Mutiloa
(Guipuzcoa), in the Basque Country.

A wide syncline structure stands out in the western
end of the Basque-Cantabrian Basin: the Santillana-
San Roman syncline, striking NE-SW. Along its bor-
ders are several zinc-lead deposits within Urgonian
dolostones and related to faults. The Reocin deposit
(Figure 2) is located on the southeast flank, near the
periclinal end of the syncline, towards Torrelavega
(Cantabria). This is a stratabound ore deposit 3300 m
long and 800 m wide, formed by different mineralized
and overlapped bodies with variable richness, locally
reaching thicknesses up to 100 m included in barren
intermediate zones (Barrendera zone). All the miner-
alizations are hosted in the Urgonian limestone rocks,
which are heavily dolomitized in this area. This is a
world class deposit, concentrating more than 4 million
tons of Zn and near 1 million tons of lead, which has
been exploited since the mid XIX century to the pres-
ent day.

The geometry of the mineralized bodies is highly
variable, conditioned by synsedimentary faults con-
tributing as paths for the circulation of dolomitizing
and mineralizing fluids, which formed deposits along
bedding planes and fractures. Based on the different
facies where it is hosted, and on the thicknesses of the
mineralized bodies, two areas can be distinguished
within the ore deposit: Central-Western (South layer,
North layer and Third layer), and Western (Barrendera),
separated by La Visera fault (Figure 3), which is very
important as it conditioned fluid circulation and min-
eralizations towards the south.

Figure 2. Southwest periclinal end of the Santillana
syncline: geological location of Reocin mine (AZSA).
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Figure 3. Geological cross-section of Reocin mine, with the location of mineral deposits.

In the west central area of the deposit, upon the “roof
dolostone” (uppermost Bedoulian) is a dolomitic level
(H-4), followed by a biostromal dolostone (biostromes
are reefs with bedded geometry) and a thick interval
of massive dolostone, corresponding to carbonated
mud-mounds. The most important mineralized level
in Reocin, for its extension and grades (>25% Zn),
is the so-called “Southern Layer”, mostly hosted in
the dolomite H-4, and even replacing it locally. The
dominant mineral is sphalerite. The so-called “North
Layer”, with somewhat lower grades and smaller
in size, is hosted along the surface limiting the bio-
stromal dolostone and the mud-mounds. The “Third
Layer” appears some meters higher than the previ-
ous, within the mud-mound facies, and is related
to the mineralizing role of La Visera fault. All along
this structure, the mineral replaces most of the bio-
stromal dolostone.

In the eastern zone (Barrendera) north of La Visera
fault, the mud-mound dolostones change facies later-
ally to dolarenites (dolomitized calcarenites). A series
of isolated mineral bodies (Flexure 3E) or superimposed
bodies (Barrendera) are hosted within them, which
have a lens geometry exceeding 50 m thicknesses in
some cases. In both cases, the average grade is lower
than 7% Zn, although it may be higher locally.
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The origin of the Reocin deposit is related to dolomiti-
zation processes (replacing calcite by dolomite) of the
Aptian (Bedoulian and Gargasian), Albian and Lower
Cenomanian carbonates, and which spatially affect
the Reocin area. Banded, coloform and botryoidal
sphalerite (with associated galena) and ankeritic or
ferrous dolostone (Figure 4) can be recognized upon
the light-colored hosting dolostone.

The mineralogy in Reocin is not very diverse, mainly
made of sphalerite (ZnFeS) and its polymorph wurtzite,
and galena (PbS) scattered among the sphalerite and
the dolomite. Other primary minerals present here are
the marcasite, pyrite and melnikovite (FeS,). Dolomite
(CaMg (C0,),) and calcite (Ca CO,) appear as a com-
panion to the ore. The following minerals are found
in the open pit showing supergenic alteration: smith-
sonite (ZnCO,), hydrocincite (Zn,((OH),C0O,),), goethite
(FeOOH), hemimorphite (Zn,(Si,0,) (OH), H,0), etc.

Present knowledge confirms the hydrothermal char-
acter of the deposit, originated by the escape of ris-
ing fluids leaching the existing metals in pre-Urgonian
sediments (black slates) and depositing them while
circulating through the Gargasian carbonates, along
synsedimentary faults. The moment of origin of the
deposit is controversial, although the dolomitization-
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Figure 4, above. Mineral deposits of sphalerite and
galena in ankeritic dolostone, “Capa Sur” (Reocin).

Figure 5, below. Mine shaft at San José, Novales
(Cantabria). Photograph by J. Locutura.

mineralization relationships point to a late diagenetic
(epigenetic) model of the Mississippi Valley type, with
features typical of a hydrothermal karstic deposit.

The Reocin deposit began to be mined in the mid XIX
century, although there are evidences for the devel-
opment of the oxidation area since Roman times.
Miners began the extraction of “calamines” (oxides,
hydroxides and carbonates of Zn, Pb and Fe), and at

the beginning of the XX century, as the exploitation
got deeper, the sulphides started appearing, forcing
a change in the calcination treatment and the instal-
lation of the first European plant of sulphide flotation
(1922). Between 1943 and 1965, mining work focused
in the interior, but a collapse caused the re-activation
of open pit mining (El Zanjén open pit). Since 1976, a
mixed system was developed with both open pit min-
ing and interior works (Santa Amelia well and Jorge
Valdés ramp). Peak production was reached between
1990-95. The exhaustion of the deposit and the lack
of new reserves caused the closure of Reocin in 2003.

Near Reocin there are several similar, but less impor-
tant, mineral deposits. The Novales deposit, near
the town with the same name, presents a paragen-
esis similar to Reocin with regard to primary minerals
(sphalerite, galena and pyrite), as well as iron oxides
and “calamines” in the oxidation gossans. The min-
eral is scattered in cavities related to faults, and was
developed at the San José (Figure 5), Aumento,
Porvenir, Andrea, Codornos and Eucaliptal mines,
among others, until their complete exhaustion. Near
Novales (Caborredondo), there is another small devel-
opment, Emilia mine, with a mineralization similar
to Novales.

The Udias deposit (Hermosa and Enriqueta mines in
Sel del Haya, Figure 6) was, together with the expo-
sure in Comillas, the first to be developed (mid XIX
century) until its closure in 1930. It consisted of both
interior and open pit mining works. This mine is con-
nected with the Novales mine through a vast karstic
conduit (cave). Sulphides in this deposit (sphalerite
and galena) are scarce, and the ore corresponds to
“calamines” (hemimorphite, smithsonite, etc.). Apart
from the Hermosa and Enriqueta mines, in Sel del
Haya, the deposit was developed in other mines such
as San Bartolomé, Pepita, La Cabana, etc.

The deposit of La Florida is located in Sierra de
Armero, south of San Vicente de la Barquera. It is a
deposit associated to fractures and within a karstic
system thoroughly developed upon the Gargasian
dolostones. The mineral paragenesis is mostly spha-
lerite and galena, but in this case they have barite
(BasSO,) as associated mineral, something not common
in deposits like Reocin. Although its first development
took place in Roman times, modern works began
in 1855, lasting until its closure in 1979. This was a
very important deposit, as indicated by the remains
of several mining developments (Lecuerre, La Isidra,
Cereceo, etc.)

Mining works in the area cut “soplaos” (blowings) at
different depths. This is the name miners gave to the
advance works when they cut karstic channels resulting
in strong winds. Currently, there is a big underground
maze with tens of kilometres of mining galleries inter-
secting karstic galleries and caverns, which at the
time made easier the transit of the mining works. The
best example is set by “Cueva del Soplao”, a cavity
accessible from several of the Lacuerre mine mouths
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Figure 6, above. Cog of the well at Sel del Haya, Udias
(Cantabria). Photograph by J. Locutura.

Figure 7. Cueva del Soplao, La Florida (Cantabria).

(western end of La Florida deposit). It is an amazing
sight to observe big surfaces covered in aragonite,
false roofs, gours, stalactites and stalagmites (Figure
7). After being declared as a Natural Monument, it has
been adapted for its use as tourist resource.

Iron mining was the oldest and most common one
in Cantabria, as shown by the abundant remains of
exploitations. They are mainly located in the eastern
margin or Castro Urdiales zone (Lusa, Miofio, Onton,
etc.) and in the central zone (Pefa Cabarga or
Cabarceno, Mercadal, and Camargo). The depos-
its in the eastern zone (Castro Urdiales) are similar to
those in the Biscay Mining Basin, and the mineral par-
agenesis consists of siderite (FeCO,), hematites (Fe,0,),
goethite (FeOOH) in nodules called “chirta”, limonite
(FeO.0OH.NH,0) and pyrite (FeS).

The mining exploitation of Peifla Cabarga
(Cabarceno) stands out in the central area. This mine
benefited from iron oxides and hydroxides filling the
karstic cavities, coming from oxidation and hydration
of the iron sulphides (pyrite and marcasite) within the
Urgonian dolostones. Cabarceno is the best example,
because as the iron ore was developed, the column
shapes from the karst were almost cleaned. The
result is a ruin-like landscape of great beauty which
nowadays is used as a recreation area and a zoo park
(Figure 8). The prevailing mineralogy, of a second-
ary origin, is made up by iron oxides and hydroxides,
with high rates of sulphur, pyrite, manganese, phos-
phorus and arsenopyrite (FeAsS). The minerals devel-
oped were hematite, limonite, goethite, pyrite and
pyrolusite (MnO,).
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The Basque Country was one of the areas with the big-
gest concentration of iron ore mines. The first works
are from Roman times, and they reached a peak in
the mid XIX century until the end of the XX century.
Important iron deposits linked to Urgonian carbon-
ates are those corresponding to the so-called “Mining
Zone" (Gallarta, Ortuella, Muskiz, Sopuerta, Triano-
Matamoros, Baracaldo, etc.), those in the northern
and southern flanks of the Bilbao anticline (Basauri,
Bilbao, Castrejana, Alén, etc.), and those in Guipuzcoa
(Legazpia, Mutiloa and Zerain).

The best example of geological and mining heritage
of the Basque Country, based on its importance and
current preservation state, is the Gallarta deposit,
developed in the Bodovalle mine and the Concha |l
open pit (Figure 9) located in the towns of Abanto,
Ciervaza and Ortuella.

The deposit is mostly stratiform (hosted in Urgonian
reef limestone) and resulted from replacement of cal-
cium carbonate by iron carbonate (siderite) accompa-
nied by dolomite and ankerite (Figure 10), and with
calcite, quartz, pyrite and chlorite as accessory min-
erals. In some cases, there are vein-like geometries
hosted in pre-Urgonian, Urgonian and post-Urgonian
rocks, with siderite also being the main mineral.

The outcrops are weathered at surface into “oxida-
tion gossans” with secondary deposits of goethite,
hematite and limonite. Another very common deposit
derived from the previous is the so-called “chirtera”,
consisting in the accumulation of iron oxide frag-
ments (goethite, quartz and argillaceous minerals)

Agueda Villar, J.A. - Salvador Gonzéalez, C.I.



Figure 8, above. Panoramic view of Los Frailes, Cabdrceno (Cantabria). Karstic landscape modified by mining.

Figure 9, below left. Concha Il open pit (Gallarta, Basque Country).

Figure 10, below right. Replacing of the calcium carbonate by iron carbonate (siderite), dolomite and ankerite.

Bodovalle Mines (Gallarta, Vizcaya).

eroded and transported into karstic cavities within
the host rock.

Whereas the debate about the genesis of these
deposits is still alive, the last data seem to confirm
that they belong to a “Mississippi Valley” genetic
model, with metal mobilization and transportation in
hot brines during the late diagenetic stages, through
synsedimentary fractures until they precipitated in the
Urganian limestones.

In the Basque Country there are also abundant sites
with lead-zinc deposits, also hosted in Urgonian rocks

and with similar features, where the galena-sphalerite
mineral paragenesis is always present, together with
siderite, dolomite, barite and fluorite. These are vein-
like mineral deposits controlled by synsedimentary
fractures, and in occasions they are hosted in sedi-
mentary bodies (stratiform) of the Infra-Urgonian to
Supra-Urgonian Complexes.

In the towns of Trucios and Artzentales, there are
remains of underground and open pit mining develop-
ments. As in the rest of the Basque-Cantabrian basin,
the most intense mining activity took place from the
XIX century to the mid XX century. In all cases, the
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deposit consists of galena and sphalerite, with calcite,
quartz and dolomite as secondary minerals. The Mine
of Siete Puertas (Trucios) is a good example where
it is still possible to see this minerals in interior works,
with stratiform disseminated galena and sphalerite in
silicified limestones, and where dolomitization and/or
silicification processes were prior to or simultaneous
with the mineralization.

In Mutiloa (Guipuzcoa) there are abundant ancient iron
mines (carbonate and iron oxides) with mining remains
going back to the Middle Ages. The Troya Mine
(Mutiloa) was discovered in 1973 and developed from
1986. It is a stratabound ore deposit of lead and zinc
sulphides, hosted in the Urgonian complex related to
an important synsedimentary fault (Troya fault). The
prevailing sulphide is iron pyrite, with both sphalerite
bandings and uneven concentrations of galena and
markasite. An old mine gallery (Zerain) was rehabili-

tated for visits, as well some calcination ovens (kilns).
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