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1. The Iberian Pyrite Belt

Global comparison of massive sulfides
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1.1 Age and tectonic/structural setting

1.1.1 What is the age of your VMS district?
• Extent, type and precision of geochronolgy? (belt scale and deposit scale)
• Palaeontological control

The ages of several massive sulphide deposits closely cluster around 350 Ma (near the Devonian/
Carboniferous transition), as defined by palynological studies (Pereira et al., 1996; Oliveira et al., 1997), U/
Pb dating of hydrothermal zircons (Nesbitt et al., 1999), and Re/Os sulphide geochronology (Mathur et al.,
1999; Nieto et al., 1999) and Rb/Sr geochronology (Relvas, 2000).

1.1.2 What is the current interpretation of the tectonic setting of your VMS district? (include a
time-sequence diagram if available)

The global tectonic setting of the South Portuguese Zone has been a matter of great controversy.
Schermerhorn (1975) interpreted the SPZ as an intracontinental orogen, but since then, plate-tectonic
models have been considered: 1) an accretionary prism related to a north or northeast dipping (actual
coordinates) subduction located southwestward of the SPZ (Bard, 1971; Carvalho, 1972; Bard et al. 1973;
Leistel et al. 1994; Thiéblemont et al. 1994), 2) an intracontinental rifting event (Munhá, 1983; Ribeiro et al.
1983; Thieblemont et al., 1994; Mitjavila et al., 1997), related or not with 3) a northeastward subduction
starting in the Late Devonian followed by oblique continental collision during Famenian to Middle Westphalian
times with formation of a transtensional basin (Ribeiro et al., 1990; Silva et al. 1990; Quesada 1991; Dias
and Ribeiro 1994, 1995).

1.1.3 What is the tectonic interpretation based upon:
• structural mapping and interpretation? (quality of mapping?).

Yes. Very high quality, very detailed structural mapping (e. g. Schermerhorn & Stanton, 1969; Ribeiro &
Silva, 1983; Silva, 1989; Quesada & Ribeiro, 1988; Silva et al., 1990; Quesada 1991; 1996; 1998). There
are two current interpretations: a) most of the Variscan deformation was by folding with only minor thrusts
in the reversed limb of folds (e.g., Sáez et al., 1996) and b) most of the shortening was by thrusting and
minir associated folds in a thin skinned tectonic setting (e.g., Silva et al., 1990; Quesada, 1998).

• gravity and/or magnetic data (has it been used?)

Yes. Extensive, detailed gravity and magnetic data have been used for exploration but little has been published.
See for example some local data Oliveira et al. (1998). Most of the data are included in the GEOMIST
database (ITGE-IGM) or are in reports of mining companies. There are no tectonic interpretations based
on these data.

• any seismic sections?
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There are seismic profiles to be performed in the Spanish part of the IPB this year, within an Europrobe
project. Plans for Portugal are not yet agreed. There are some limited published seismic data (Prodehl et
al., 1975).

• chemistry of volcanic rocks? What geochemical-tectonic classification was used?

The chemistry of the volcanic rocks has been extensively investigated and used in geotectonic modelling.
Key references are Munhá (1981; 1983), Thièblemont et al. (1994; 1998) and Mitjavila et al. (1997) that
used major and trace element conventional classifications. Despite the existence of several geochemical
studies dealing with the tectonic environment for volcanism, many of the references have a limited value,
due to the alteration degree of many of the analyzed rocks.
The geochemistry of the volcanic rocks suggest is compatible with an intracontinental extensional setting
but do not favour any of the interpretations described in 1.2.

1.1.4 Is there a comprehensive and high quality database of volcanic geochemistry to assist with
tectonic interpretation?

There are at least three existing databases, from the BRGM (450 analyses), ITGE (930 analyses) and
U.Huelva. Those of ITGE and BRGM cover all the IPB but are not highly selective and the data come from
very different sources, internal and published analyses. That of the University of Huelva has a good quality
is but restricted to zones in which the UHU team has performed work. These databases also include rocks
with very variable degree of hydrothermal alteration, so perhaps pristine? rocks are no more than the half
of the analyses.

• how many whole-rock/trace analyses on least-altered rocks?

Merging of the different databases can produce about a thousand analyses with very different qualities.

• type and quality of trace element data?

• what isotope data are available?

Radiogenic isotope studies include (for stable isotopes see section 7): a) Rb/Sr and Sm/Nd data can be
found in Hamet & Delcey (1971), Priem et al. (1978), Mitjavila et al. (1997) and Relvas (2000); b) U/Pb in
hydrothermal zircons (Nesbitt et al., 1999); c) Re/Os sulphide geochronology (Mathur et al., 1999; Nieto et
al., 1999) and d) lead isotopes (Marcoux, 1998; Relvas, 2000).

1.1.5 Have the district-scale and deposit-scale ore-fluid plumbing structures been identified? Size
of structures? How were they defined (mapping?, alteration?, aeromagnetics? geochemistry?
Isotopes?)

The geometry of ore-fluid plumbing systems was studied only locally in some of the major deposits on the
basis of mapping, alteration, paragenetic studies, geochemistry and oxygen and hydrogen isotopic studies.
It include 1) in the Aljustrel/Gavião area  (Barriga, 1983; Relvas, 1991; Barriga and Fyfe, 1998); 2) in the
Tharsis area (Tornos et al., 1998; Tornos and Spiro, 1999); 3) Almodovar et al. (1998) on Aznalcóllar; 4)
Nehlig et al. (1998) on Rio Tinto and 5) Relvas (2000) for the Neves Corvo deposit.

1.1.6 Have detailed structural studies of the deposits been undertaken? Which deposits?

The main deposits are well studied from a structural geology point of view. Deposit mapping usually includes
detailed structural analysis. See general reference list.

1.1.7 What further research is needed to improve the tectonic interpretation?

The main uncertainties in the IPB in this domain could perhaps be clarified with deep seismic studies at the
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belt scale and with extensive geochronogical studies as a solid foundation for mapping. There are many
uncertainties related with the current practise of using lithostratigraphy as a proxy to true age relationships.
Additionally, more detailed facies analyses (volcanic and sedimentary) can improve the tectonic interpretation
in several instances (see below).

1.1.8 List key references

Almodóvar, G.R., Sáez, R., Pons, J., Maestre, A., Toscano, M., and Pascual, E., 1998, Geology and genesis
of the Aznalcóllar massive sulphide deposits, Iberian Pyrite Belt, Spain: Mineralium Deposita, v. 33, p.
111-136.

Bard, J. P., 1971, Sur l’alternance des zones metamorphiques et gravitiques dans le segment hercynien
sud-iberique: Compairaison de la variabilité des caractéres géotectoniques de ces zones avec les
orogéne “ortotectoniques”: Boletin Geologico Minero, Madrid, v. 82 (3/4), pp. 324-345.

Bard, J.P., Capdevilla, R., Matte, P., and Ribeiro, A., 1973, Geotectonic model for the Iberian Variscan
Orogen: Nature, v.241, p. 50-52.

Barriga, F.J.A.S., 1983, Hydrothermal metamorphism and ore genesis at Aljustrel, Portugal, unpublished
PhD thesis, University of Western Ontario, 368p.

Barriga, F.J.A.S., and Fyfe, W.S., 1998, Multi-phase water-rhyolite interaction and ore fluid generation at
Aljustrel, Portugal: Mineralium Deposita, v. 33, p. 188-207.
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Southern Portugal: Porto, Estudos Notas e Trabalhos, Serviço de Fomento Mineiro, v. 20, p. 297-320.

Carvalho, D., Barriga, F.J.A.S., and Munhá, J., 1999, Bimodal-siliciclastic systems – the case of the Iberian
Pyrite Belt, in Barrie, C.T. and Hannington, M.D., eds., Volcanic-associated massive Sulphide deposits:
processes and examples in modern and ancient settings: Reviews in Economic Geology, v. 8, Society
of Economic Geologists, Inc., p. 375-408.

Dias, R., and Ribeiro, A., 1994, Constriction in a transpressive regime: An example in the Iberian branch of
the Ibero-Armorican Arc: Journal of Structural Geology, v. 16, p. 1545-1554.

Dias, R., and Ribeiro, A., 1995, The Ibero-Armorican Arc: A collision effect against an irregular continent?:
Tectonophysics, v. 246, p. 113-128.

Leistel, J.M., Bonijoly, D., Braux, C., Freyssinet, Ph., Kosakevitch, A., Leca, X., Lescuyer, J.L., Marcoux, E.,
Milési, J.P., Piantone, P., Sobol, F., Tegyey, M., Thiéblemont, D., and Viallefond, L., 1994, The massive
sulphide deposits of the South Iberian Pyrite Province: Geological setting and exploration criteria,
document du Bureau de Recherches Geologiques et Miniéres, v. 234, 236p.

Leistel, J.M., Marcoux, E., Thiéblemont, D., Quesada, C., Sánchez, A., Almodóvar, G.R., Pascual, E., and
Sáez, R., 1998, The volcanic-hosted massive sulphide deposits of the Iberian Pyrite Belt: Mineralium
Deposita, v. 33, p. 2-30.

Marcoux, E., 1998, Lead isotope systematics of the giant massive sulphide deposits in the Iberian Pyrite
Belt: Mineralium Deposita, v. 33, p. 45-58.

Mathur, R., Ruiz, J., Tornos, F., 1999 – Age and sources of the ore at Tharsis and Rio Tinto, Iberian Pyrite
Belt, from Re-Os isotopes. Mineralium Deposita, v. 34, 790-793.

Mitjavilla, J., Marti, J., and Soriano, C., 1997, Magmatic evolution and tectonic setting of the Iberian Pyrite
Belt volcanism: Journal of Petrology, v. 38, p. 727-755.

Munhá, J., 1983a, Hercynian magmatism in the Iberian pyrite belt, in Lemos de Sousa, M.J. and Oliveira,
J.T., eds., The Carboniferous of Portugal: Memórias dos Serviços Geológicos de Portugal, v. 29, p. 39-
81.

Nehlig, P., Cassard, D., and Marcoux, E., 1998, Geometry and genesis of feeder zones of massive sulphide
deposits: constraints from the Rio Tinto ore deposit (Spain): Mineralium deposita, v. 33, p. 137-149.

Nesbitt, R.W., Pascual, E., Fanning, C.M., Toscano, M., Sáez, R., Almodóvar, G.R., 1999 - First zircon U-Pb
age from the Iberian Pyrite Belt, Spain: Journal of Geological Society of London, v. 156, p. 7-10.

Nieto, J.M., Almodóvar, G.R., Pascual, E., Sáez, R., Jagoutz, E., 1999 - Estudio isotópico con el sistema
Re-Os de las mineralizaciones de sulfuros de la Faja Pirítica Ibérica: Geogaceta, v. 27, p.181-184.

Oliveira, J.T., Carvalho, P., Pereira, Z., Pacheco, N., Fernandes, J.P., and Korn, D., 1997, Stratigraphy of the
Neves Corvo mine region: Neves Corvo Field Conference Abstracts, Society of Economic Geologists,
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Pereira, Z., Saez, R., Pons, J.M., Oliveira, J.T., and Moreno, C., 1996, Edad Devonica (Struniense) de las
mineralizaciones de Aznalcóllar (Faja Pirítica Ibérica) en base a palinologia: Geogaceta, v. 20, p.
1609-1612.

Priem, H.N.A., Boelrijk, N.A.I.M., Hebeda, E.H., Schermerhorn, L.J.G., Verdurmen, E.A.Th., Verschure,
R.H., 1978 - Sr isotope homogenization through whole rock systems under low-greenschist facies
metamorphism in Carboniferous pyroclastics at Aljustrel (South Portugal): Chemical Geology, v. 21, p.
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Prodehl, C.L., Sousa Moreira, V., Mueller, S.T., Mendes, A., 1975 - Deep seimic sounding experiments in

central and southern Portugal: XIVth General Assembly of the European Seismological Comission,
DDR National-Komité für Geodäsic und Geophysic Berlin, p. 261-266

Quesada, C., 1991, Geological constraints on the Paleozoic tectonic evolution of tectonostratigraphic terranes
in the Iberian Massif: Tectonophysics, v. 185, p. 225-245.

Quesada, C., 1996, Estructura del sector español de la Faja Pirítica: implicaciones para la exploración de
yacimientos: Boletin Geológico Minero, v. 107-3-4, p. 65-78.

Quesada, C., 1998, A reappraisal of the structure of the Spanish segment of the Iberian Pyrite Belt: Mineralium
Deposita, v. 33, p. 31-44.

Quesada, C., and Ribeiro, A., 1988, Tectonostratigraphic terrane map of the Iberian Massif, in Kepple, J.D.,
Dallmeyer, R.D., eds., Tectonic Map of Pre-Mezozoic Terranes in the circum-Atlantic Phanerozoic
Orogens, Halifax: IGCP Project 233, Terranes in Circum-Atlantique Paleozoic Orogens.

Relvas JMRS, 2000. Geology and Metallogenesis at the Neves Corvo deposit, Portugal. Unpublished Ph.D.
thesis, Univ. Lisboa, 319 p

Ribeiro, A., and Silva, J.B., 1983, Structure of the south Portuguese zone, in Lemos de Sousa, M.J., and
Oliveira, J.T., eds., The Carbouniferous of Portugal: Memórias dos Serviços Geológicos Portugueses,
v. 29, p. 83-89.

Ribeiro, A., Oliveira, J.T., and Silva, J.B., 1983, La estructura de la Zona Sur Portuguesa, in Comba, J.A.,
(co-ordinator): Geologia de España, Instituto Geológico y Minero de España, v. 1, p. 504-511.

Ribeiro, A., Quesada, C., and Dallmeyer, R.D., 1990, Geodynamic evolution of the Iberian of the Iberian
Massif, in Dallmeyer, R.D., and Martínez García, E., eds., Pre-Mesozoic Geology of Iberia: Springer-
Verlag, Berlin Heidelberg New York, p. 399-409

Sáez, R., Pascual, F., Toscano, M., Almodóvar, J.R., 1999, the Iberian type of volcano-sedimentary massive
sulphide deposits: Mineralium Deposita, v. 34, p. 549-570.

Schermerhorn, L.J.G., 1975, Spilites, regional metamorphism and subduction in the Iberian Pyrite Belt:
Some comments: Geologie en Mijnbouw, v. 54, p. 23-35.

Schermerhorn, L.J.G., and Stanton, W.I., 1969, Folded overthrusts at Aljustrel (South Portugal): Geol.
Mag, v. 106-2, p. 130-141.

Silva, J.B., 1989, Estrutura de uma geotransversal da Faixa Piritosa Ibérica, Zona do Vale do Guadiana,
Estudo da tectónica peculiar em regime de deformação não coaxial: unpublished Ph.D. thesis, Faculdade
de Ciências, Universidade de Lisboa, 294 p.

Silva, J.B., Oliveira, J.T., and Ribeiro, A., 1990, Structural outline of the South Portuguese Zone, in Dallmeyer,
R.D., and Martinez Garcia, eds., Pre-Mesozoic geology of Iberia: Berlin, Springer-Verlag, p.348-362.

Thiéblemont, D., Marcoux, E., Tégyey, M., and Leistel, J.M., 1994, Genése de la province pyriteuse sud-
ibérique dans un paléo-prisme d’accrétion? Arguments pétrologiques: Bulletin Societé Géologique
[France], v. 165-5, p.407-423.

Thiéblemont, D., Pascual, E., and Stein, G., 1998, Magmatism in the Iberian Pyrite Belt: petrological
constraints on a metallogenic model: Mineralium Deposita, v. 33, p. 98-110.

Tornos, F., and Spiro, B., 1999, The genesis of shale-hosted massive sulphides in the Iberian Pyrite Belt, in
Stanley et al., eds., Mineral Deposits: Processes to Processing, Balkema, Rotterdam, p. 605-608.

Tornos, F., González Clavijo, E., and Spiro, B.F., 1998, The Filon Norte orebody (Tharsis, Iberian Pyrite
Belt): a proximal low-temperature shale-hosted massive sulphide in a thin-skinned tectonic belt:
Mineralium Deposita, v. 33, p. 150-169.

1.2 Volcanic architecture

1.2.1 What are the scales of geological maps available for the district and the deposits? Has a
comprehensive systematic stratigraphy been established for the district?

Regarding the whole IPB (Spain + Portugal), there is no complete, detailed map available, i.e., a map
having the same criteria for classification/description of units. In Portugal, ther area is covered by systematic
1/50000 maps and a regional synthetic one of 1/200000 scale. Considering the Spanish part of the province,
there is a 1:100000 map, compiled from MAGNA 1:50000 sheets and published by the ITGE. Recently, the
regional Government of Andalucía, Southern Spain (Junta de Andalucía) has produced a new synthesis
map for the Spanish part, that we expect to be available in a short time. This project involves compilation of
existing maps plus new mapping in quite large areas. The systematic mapping of Spain carried by ITGE
has maps with 1/50.000 scale (based of 1/25000 field work).
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 In single deposits or camps existing geological maps are very variable in terms of scale, geological criteria
and availability, but there is considerable mapping at 1/2000 to 1/5000 scale. Map quality, of course, is also
variable.

Regarding stratigraphy, a general, threefold stratigraphic column proposed by Schermerhorn (1975) is still
considered roughly valid by most authors. It distinguish three major units named, from bottom to top, Phyllite-
quartzite Group (PQ), Volcano-sedimentary Complex (VSC) and Culm Group. A discussion about the
paleogeographic significance of the PQ Group and the Culm Group can be found in Moreno (1993) and
Moreno et al. (1996). PQ Group However, this column is fairly general. If more detailed stratigraphic columns
are requested, (for instance when distinguishing, or trying to correlate, the three felsic volcanic episodes
classically recognized in the VSC, named VA

1
, VA

2
 and VA

3
), then disagreements may be serious. Some

authors suggest that this general column can bevalid for all the IPB (e.g., Sáez et al., 1996, 1999) while
others (Barriga, 1990; Tornos et al., 1998) suggest that it is only valid at a very local scale because of
strong lateral variations and basin compartimentation.. An attempt to show schematic stratigraphic columns
for the whole IPB, plus some suggested correlations, can be found in Leistel et al. (1998). This work also
includes an updated, short discussion on stratigraphy and correlation problems. In any case, it is to worth
note that much of this more detailed stratigraphy is claimed to be erroneous, especially regarding the
Volcano-sedimentary Complex (VSC), either because of  interbedding of  intrusive sills (Boulter, 1997) or
by thin-skinned tectonics, having produced tectonic superimposition of different units (e.g., Quesada, 1998).

1.2.2 How do the VMS deposits relate to volcanic facies? Provide some sketch diagrams if available.
Do the VMS deposits occur at a single stratigraphic position? Do the VMS deposits occur in
proximal or distal volcanic facies? Percentage of volcaniclastic rocks versus coherent flows
or intrusions?

a) VMS do NOT relate to volcanics in a simple manner. It has been generally agreed that they are located
close to the top of  felsic volcanic cycle(s) (Routhier et al., 1978; Barriga, 1990) sometimes associated
to sedimentary horizons in the VSC, mostly black shales and tuffites. Accordingly, it has been proposed
that deposits formed at waning stages of felsic volcanism (Barriga, 1990; Sáez et al., 1996, 1999).
Other works, however, report VMS unrelated to volcanism (Tornos et al., 1998).

b) Apparently, the above answer indicates that VMS deposits are NOT in a single stratigraphic position.
However, given the uncertainties regarding stratigraphy, a same stratigraphic position cannot be excluded.
In addition, first palynologic and zircon dates suggest a very reduced time span in all of the VMS
studied to date.

c) It is apparent that some deposits are associated to fine-grained volcanics or sediments. Regarding the
relative importance of coherent flows/intrusions and volcaniclastic rocks, the VSC is generally agreed
to consist of variable proportions of volcaniclastic and coherent igneous rocks, so that each of rock
type may be dominant in places (e.g., Routhier et al., 1978; Leistel et al., 1998; Sáez et al., 1996)
Accordingly, there would be no valid estimate at a district scale. On the other hand, Boulter (e.g., 1996)
and Soriano & Martí (1999) consider that coherent, intrusive facies are by far dominant at a district
scale, whereas true volcanics are scarce. In our opinion, however, such views are not well  supported
and volcaniclastic rocks, with different origins, are abundant at a district scale. See also the discussion
by Quesada (1998). Barriga (1990) and Carvalho et al. (1999) support that some deposit can be
allocthonous, i.e., transported by mass flows away from the stockwork zones.

1.2.3 What is the composition (rhyolite? basalt?) of the VMS host package? Is there a change in
volcanic composition at, or close to, the ore position?

Volcanism is bimodal., consisting of basalts plus a felsic (dacitic/rhyolitic) suite, generally ranging from
dacite to rhyolite. Andesites are scarce (Munhà, 1983). Felsic rocks are subalkaline, whereas basic rocks
range from  tholeitic to mildly alkaline (Munhà, 1983; Thiéblemont et al., 1998)
There is no correlation between closeness to VMS and volcanic type, although some authors have suggested
some features permitting distinguish “fertile” felsic volcanism (Thiéblemont et al., 1995). Barriga & Fyfe
reported changes in composition near the ore position, but attributed to pre-mineralisation semi-conformable
hydrothermal alteration.
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1.2.4 What is the interpreted range of water depth during deposition of the volcanic succession,
and immediate host rocks? What criteria were used to estimate water depth (eg. volcanic
facies, sedimentary structures, fossils, fluid inclusions)?

a) There are evidences that strongly suggest volcanism to have occurred at variable depths, probably
from subaerial to deep submarine environments (>1500 m). Fine-grained volcaniclastic successions,
in places with textures indicating an ignimbritic origin (e.g., with fiamme-like textures), suggest that
some of the pyroclastic rocks formed at a shallow depth in the IPB, although welding and other definitive
evidences are very difficult to obtain, given the intense deformation and alteration of most of felsic
rocks. A relatively shallow depth is also deduced for some vesiculated peperite sills. On the other hand,
there are local evidences for a relatively deep environment during volcanism.

b) Papers favoring a subvolcanic environment claim that a relatively high hydrostatic pressure dominates
during igneous activity, arguing either that a somewhat high pressure is needed for peperite formation
or that in any case textures indicating low pressure (e.g., pumice) are scarce at a district scale (Soriano
& Martí, 1999).

c) Admitting that there are evidences for changes in depth during volcanic activity, a change in the character
of volcanism, from subaerial/shallow subaqueous to deep subaqueous has been suggested, related to
collapse of the basin (Sáez et al., 1996).

d) In any case, most of the above discussions are based on local observations or, at best, on detailed
local work. In our opinion, any generalization on volcanic environment is speculative and unsupported,
as there are not facies studies including, for instance, detailed mapping and petrographic study.

1.2.5 What further research is needed to define the relationship between ore formation and volcanic
architecture?

Detailed mapping of volcanic and sedimentary lithofacies both at deposit and broader scales.

1.2.6 List key references
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ibérique dans un paléo-prisme d’accrétion? Arguments pétrologiques: Bulletin Societé Géologique
[France], v. 165-5, p.407-423.

Thiéblemont, D., Pascual, E., and Stein, G., 1998, Magmatism in the Iberian Pyrite Belt: petrological
constraints on a metallogenic model: Mineralium Deposita, v. 33, p. 98-110.

Tornos, F., González Clavijo, E., and Spiro, B.F., 1998, The Filon Norte orebody (Tharsis, Iberian Pyrite
Belt): a proximal low-temperature shale-hosted massive sulphide in a thin-skinned tectonic belt:
Mineralium Deposita, v. 33, p. 150-169.

1.3 Styles of ore deposits

1.3.1 Provide a table of tonnes and grade for major deposits (>1 million tonnes) (include economic
and sub-economic or barren massive sulfides). How many additional deposits of less than 1
million tonnes are known in the district?

Mt %Cu %Pb %Zn Ag Au %Sn (1) (2)
Vuelta Falsa 1 1.27 8.80 20.70 307 9.0 pyr Zn-Pb-Cu
Castillo Buitrón 1.5 0.49 1.03 3.44 20 pyr Zn-Pb-Cu
polymetallic ore 1 0.43 1.40 4.60 30 pyr Zn-Pb-Cu
pyritic ore 0.5 0.60 0.28 1.13 pyr Zn-Pb-Cu
Malagón 1 1.85 2.00 4.00 pyr Zn-Pb-Cu
Sierrecilla 1 1.50 5.00 12.00 500 pyr Zn-Pb-Cu
Cabeza de Pasto 1 0.66 0.14 pyr Cu
La Joya 1.23 0.50 0.69 0.23 pyr Cu
pyritic ore 1.19 0.50 0.65 0.20 Cu
polymetallic ore 0.04 0.37 2.00 1.00 Zn-Pb-Cu
Angelita 1.2 6.00 Cu
San Miguel 1.29 3.00 Cu
Tinto-Santa Rosa 1.71 1.60 pyr Cu
Esperanza-Angostura 1.85 1.50 pyr Cu
Ntra.Sra.Carmen 2.5 0.85 0.90 2.00 35 0.7 pyr Zn-Pb-Cu
Castillo Guardas 2.75 0.00 pyr Cu
San Platón 2.48 1.45 0.24 5.60 31 0.9 pyr Cu-Zn
polymetallic ore 1.13 1.16 0.53 12.30 69 2.1 pyr Cu-Zn
pyritic ore 1.35 1.70 pyr Cu
Lomero-Poyatos 2.86 0.85 2.93 4.88 78 2.6 pyr Zn-Pb-Cu
polymetallic ore 1.86 0.50 4.50 7.50 120 4.0 pyr Zn-Pb-Cu
pyritic ore 1 1.50 pyr Cu
Nueva Almagrera 3 pyr Zn-Pb-Cu
Carpio 3.35 0.50 0.12 2.77 pyr Cu-Zn
San Telmo 4 1.20 0.40 12.00 60 0.8 pyr Cu-Zn
Caridad 4.17 pyr Zn-Pb-Cu
Cueva Mora 4.2 1.45 0.26 0.73 pyr Cu
Peña del Hierro 5 1.30 0.42 0.39 pyr Cu
Herrerias 5 0.90 0.54 0.43 pyr Cu
Caveira 5?
Lagoa Salgada >>5 0.35 3.22 4.43 75 0.95
Lagunazo 6 0.57 1.10 1.50 65 1.1 pyr Zn-Pb-Cu
Esperanza 6 0.70 pyr Cu
Cantareras 6 0.65 0.85 1.30 35 0.7 pyr Zn-Pb-Cu
El Perrunal 7.55 0.50 0.10 0.20 pyr Cu
Almagrera 10 0.65 0.80 1.35 40 0.7 pyr Zn-Pb-Cu
Salgadinho 10?
Sao Domingos 27 1.25 1.00 2.00 pyr Zn-Pb-Cu
La Romanera 34 0.42 1.18 2.30 44 0.8 pyr Zn-Pb-Cu
polymetallic ore 11.2 0.40 2.47 5.60 64 1.0 pyr Zn-Pb-Cu
pyritic ore 22.8 0.43 0.55 0.68 pyr Zn-Pb-Cu
Aguas Teñidas 35.4 1.41 0.91 3.39 40 0.5 pyr Zn-Pb-Cu
polymetallic ore 16 1.08 1.66 6.41 60 0.7 pyr Zn-Pb-Cu
cupriferous ore 12.3 2.29 0.27 0.74 24 0.4 Cu
pyritic ore 7.08 0.62 0.33 1.18 pyr Zn-Pb-Cu
Las Cruces 42.7 2.95 1.00 2.14 5 0.2 Zn-Pb-Cu
gossan 2 115 5.1
supergene ore 15.5 6.10 Cu
cupriferous ore 4.5 3.30 0.30 1.00 Cu
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polymetallic ore 20.7 0.80 2.00 4.20 pyr Zn-Pb-Cu
Lousal 50 0.70 0.80 1.40 pyr Zn-Pb-Cu
Concepción 55.9 0.57 0.19 0.48 7 0.2 pyr Zn-Pb-Cu
cupriferous ore 20.7 1.26 0.13 0.32 9 0.3 pyr Cu
complex ore 3 0.70 2.18 5.71 34 0.5 pyr Zn-Pb-Cu
pyritic ore 32.1 0.11 0.04 0.09 pyr Zn-Pb-Cu
Masa Valverde 92.3 0.44 1.92 0.1 pyr Cu
polymetallic ore 11 0.54 5.00 Zn+Pb 0.8 pyr Zn-Pb-Cu
cupriferous ore 1.3 1.91 1.70 Zn+Pb pyr Zn-Pb-Cu
pyritic ore 80 0.40 1.50 Zn+Pb pyr Zn-Pb-Cu
Tharsis 115 0.50 0.60 2.70 22 0.7 pyr Zn-Pb-Cu
Filón Norte 20 0.70 0.80 1.80 61 pyr Zn-Pb-Cu
San Guillermo 55 pyr Zn-Pb-Cu
Sierra Bullones 13 pyr Zn-Pb-Cu
Filón Centro 3 pyr Zn-Pb-Cu
Filón Sur 0.4 pyr Zn-Pb-Cu
Filón Sur gossan 5.3 37 3.0
Otros 18.3 pyr Zn-Pb-Cu
Aljustrel 189 1.20 1.20 3.20 36 1.0 pyr Zn-Pb-Cu
Moinho 43.7 0.85 1.10 2.98 35 pyr Zn-Pb-Cu
Feitais 54.5 0.42 1.20 3.72 44 pyr Zn-Pb-Cu
San Joao 4.5 0.87 1.20 3.37 pyr Zn-Pb-Cu
Gaviao 21.6 1.51 1.00 2.98 35 0.8 pyr Zn-Pb-Cu
Algares 50 pyr Zn-Pb-Cu
Estaçao 14.2 0.22 1.64 5.20 50 0.3 pyr Zn-Pb-Cu
Sotiel-Migollas 133 0.70 1.24 2.76 14 0.1 pyr Zn-Pb-Cu
Sotiel 75.2 0.56 1.34 3.16 24 0.2 pyr Zn-Pb-Cu
Migollas 57.6 0.88 1.12 2.23 pyr Zn-Pb-Cu
Aznalcollar 161 0.44 1.43 2.70 47 0.3 pyr Zn-Pb-Cu
Aznalcollar pyritic ore 43 0.44 1.77 3.33 67 1.0 pyr Zn-Pb-Cu
Aznalcollar stockwork 47 0.58 0.40 10 pyr Cu-Zn
Los Frailes 71 0.34 2.17 3.85 60 0.01 pyr Zn-Pb-Cu
La Zarza 164 1.24 1.09 2.49 47 1.8 Zn-Pb-Cu
Neves Corvo 219 1.47 0.27 1.66 14 0.0 0.08 Zn-Pb-Cu
Cu massive 20.1 7.59 1.38 0.39 Cu
Cu banded 3.4 7.14 0.35 0.25 Cu
Cu fissural 4.8 3.54 0.90 0.21 Cu
Sn-Cu massive 2.23 14.41 2.15 1.61 Cu
Sn masive 0.12 6.99 1.03 12.31 Cu
Sn fissural 0.02 3.34 0.18 10.99 Cu
Sn banded 0.52 1.23 0.06 6.01 pyr Cu
Polymetallic ore 49.6 0.50 1.21 5.93 60 pyr Zn-Pb-Cu
pyritic ore 138 0.51 0.23 pyr Cu
Riotinto 334 0.39 0.12 0.34 22 0.4 Pyr Zn-Pb-Cu

Data from the compilations of Barriga (1993), Leistel et al. (1998), Tornos et al. (1998), Relvas (2000),
Carvalho (unpub.) and Oliveira (unpub.) and information from Eurozinc and Navan  Resources. (1) Pyritic
character of the massive sulphides. Pyrite roughly higher than 90% sulphides. (2) Classification following
Large (1992). Note that some of the data can be erroneous due to the absence of partial data (base metal
grades). Note also that within a single mine there can be different orebodies and/or different types of ore.

In the spanish part of the IPB there are also about 144 massive sulphide or stockwork prospects with less
than 1 Mt or unknown resources. In Portugal there are also about 60 massive sulphide 60 small (<1 Mt)
prospects or with unknown resources.

1.3.2 What is the degree of metamorphism, deformation and recrystallization in the ores. Does it
vary from deposit to deposit in the district?

The metamorphic degree is very low to low grade (below lower greenschist facies). Most authors (Munhá
(1983; Barriga (1990; Carvalho et al. (1999) indicate that there is a general increase of the regional
metamorphic grade towards the N of the IPB. However, Velasco et al. (1998) suggest that the increase is
only related to major shear zones. Usually the pyrite keeps the primary-diagenetic features while the
sphalerite-galena recrystallize to granoblastic textures. The deposits located in the northern area are more
recrystallized than those in the souther one, where primary features are easely observable. Near the shear
zones all the sulphides are recrystallized and show metamorphic banding.

1.3.3 What VMS deposit types occur within the belt (eg polymetallic Zn-Pb-Cu-type, Cu-Zn-type,
Cu-type, Au-only, barite-only, pyrite-only)?  Give a cartoon model of each type present,
showing simple geology, morphology of the deposit and metal zones. Do not use genetic
classifications such as kuroko type or Cyprus type, but use metal content and ratios – Cu/
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(Cu+Zn) and Zn/(Zn+Pb). (eg. Large  (1992 : ECON. GEOL. V87, p 473 ).

Most of the evaluated massive sulphides (89%) are pyrite-rich (about >90% pyrite). Most of them are of the
polymetallic type (22) and some of Cu and Zn-Cu types (3 each). There also 6 deposits with high Pb grades
that can be assigned to the Zn-Pb type. However, the data can be erroneous due to the uncertainity of
grades in old mines. All the giant (>100 Mt) deposits belong to the Zn-Cu-Pb type. There are no barite- and
gold-only deposits. However, within most of the studied deposits there are pyritic, cupriferous, and polymetallic
zones. Cu/Zn ratios for major deposits vary within two major trends (Relvas, 2000).

1.3.4 Are stringer zones present or economic? What is their mineralogy? Are there any deposits
that comprise only stringer sulfides?

Stringer zones are typical and abundant in almost all the deposits, if not disturbed by major shearing. The
mineralogy of the some stringer zones (e.g., Tharsis, Migollas) is sometimes somewhat different to that of
the massive sulphides and include Co-As-Fe-S minerals (cobaltite, alloclasite, glaucodot, lollingite), Bi-Ag-
Te-S minerals, Cu-Fe-Sb-Bi-S  sulphosalts (e.g., Marcoux et al. (1996; Leistel et al. (1998; Tornos et al.
(1998), that are very uncommon in the massive sulphides, along with quartz, sericite, carbonates and
chlorite.

There are no major deposits consisting only of isolated stockworks. The major ones are located in Salgadinho
(Plimer and Carvalho (1982) and in the Riotinto area near Peña del Hierro-Chaparrita (Leistel et al. (1998).
In the Tharsis area there are several stockwork outcrops but probably tectonically dismembered. Currently
there are two economic stockworks (Riotinto, Cerro Colorado ab.2000 Mt @0.15%Cu; economic 88 Mt @
0.57%Cu; and Neves Corvo with Sn- and Cu-bearing stockworks [4.8Mt @ 3.5%Cu and 20.000 t @ 3.34%Cu
and 10.99%Sn]).  The stockworks at Tharsis and La Zarza has been recently explored by SEIEMSA. At
Tharsis, the delimited orebodies where very small (<0.1 Mt) but grades are near 4.9 g/t Au and 0.1%Co. In
La Zarza, there are about 4 Mt @ 5 g/t Au.

1.3.5 What are the major textures in the massive sulfides – massive featureless, banded,
brecciated?. Are these textures interpreted to be primary or deformation-related. Key
evidence?

Most of the massive sulphides are massive featureless and fine grained; only some crude banding can
usually be seen. However, in detail they include variegated textures, usually banded but also local colloform,
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botryoidal... textures (see Velasco et al. (1998). There are also some brecciated ores with sulphides
interbedded with and cemented by siderite (Tharsis) or gradding into the massive sulphides from the
underlying stockwork. Locally, there are massive sulphides with sedimentary structures (Tharsis, Planes
San Antonio) including parallel and cross bedding, graded bedding, turbiditic structures, slump and  flaser
structures, scour&fill, synsedimentary faulting and organic structures (Strauss et al. (1977; Routhier et al.
(1978; Tornos et al. (1998; Sáez et al. (1999). However, the massive sulphides of the northern sector show
systematic mineralogic and grain-size banding interpreted as of tectonic/metamorphic  origin. Synorogenic
tectonic breccias and vein-type ores can be widespread, inducing metal enrichment.

1.3.6 Did most deposits form on the seafloor or by replacement below the seafloor or a combination
of both? Key evidence? If sub-seafloor, how far below the seafloor? Evidence?

There is no consensus about this problem. Barriga & Fyfe (1988), Barriga (1990) and Carvalho et al. (1999)
propose that the massive sulphides formed by shallow subseafloor replacement of volcanic and sedimentary
rocks below a oxidized jasper cap that inhibited oxidation and dispersion (Aljustrel; Tharsis). Sáez et al.
(1996 (1999) propose that most of the massive sulphides  formed by subseafloor replacement of black
muds below a sulphide crust; in their schemes they also include formation of mounds and black smoke
fallout. Leistel et al. (1998) favour a model based on mound formation. Tornos et al. (1998) suggest the
formation of Tharsis in an anoxic brine pool. Relvas (2000) suggests the formation of Neves Corvo by both
seafloor and sub-seafloor mechanisms. Tornos (2000) suggests a multiple origin including Ia, deposits
formed on the seafloor with minor replacement in the footwall (Tharsis, Planes-San Antonio); Ib, massive
sulphides formed by shallow subseafloor replacement of black muds (Aznalcollar; Almodovar et al. (1998);
II, replacement of massive volcanic rocks related to stockworks (>50 m depth?) and III deep replacement of
thick pumice mass flows.
Sub-sea floor sulphide precipitation is indicated for ores without sedimentary dilution or primary oxidation,
covered by a suitable cap rock; intermediate types depict overwhelming evidence for replacement (textural
and geochemical) in the deeper zones of massive ore and open-space sedimentary features in the uppermost
zones. Seafloor precipitates are characterized by minor evidences of host rock replacement and sedimentary
textures in both the footwall and hanging wall of the orebodies.

1.3.7 Did the seafloor deposits form in brine pools, or as mounds, or are both types represented,
or did they form by some other mechanism? Key evidence? Is there general agreement on
the mechanism of formation?

There is no agreement about the mechanism of exhalation or if there was exhalation at all (see 3.6). Barriga
& Fyfe (1988), Barriga (1990) and Carvalho et al. (1999) suggest that the fluids were not exhaled into the
basin. Saéz et al. (1999) suggest that the first sulphides formed a crust that inhibited venting of most of the
fluids and only minor sulphides formed by black smoke fallout. Tornos et al. (1998) and Tornos (2000)
suggest that there is no clear evidences of formation of mounds in the IPB and probably most of the
exhalative massive sulphides formed in brine pools (Tornos et al. (1998; Tornos & Spiro (1999). However,
Sáez et al. (1999) indicate that the salinity of the hydrothermal fluids is not high enough for forming brine
pools.

1.3.8  List key references for each deposit
Las Cruces
DOYLE,M. (1996): Las Cruces copper proyect, Pyrite Belt, Spain. Boletin Geologico Minero, 107, 5-6, 681-

683
KNIGHT,F.C., RICKARD,D., BOYCE,A.J. (1999): Multigenic origin for secondary enrichment in Las Cruces

VMS deposit, Iberian Pyrite Belt. In Mineral deposits: Processes to Processing, Stanley et al., eds.,
Balkema, 543-546

Aznalcollar-Los Frailes
PASCUAL,E., ALMODOVAR,G.R., SAEZ,R., PONS,J.M., MAESTRE,A.,  TOSCANO,M. (1997): Geology of

the Aznalcollar mining district, Iberian Pyrite Belt, Spain. Geology and VMS deposits of the Iberian
Pyrite Belt. SEG Fieldbook Series num.27, 177-192

PONS,J.M., AGMALM,G., MAESTRE,A. (1996): Modelo de zonación de Cu, Pb, Zn y Ag en el yacimiento
de sulfuros masivos polimetálicos ‘Los Frailes’. Su aplicación en la realización de un modelo de bloques
zonado. Boletin Geologico Minero, 107, 5-6, 663-672
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RUIZ DE ALMODOVAR,G., SAEZ,R., PONS,J.M., MAESTRE,A., TOSCANO,M., PASCUAL,E. (1998):
Geology and genesis of the Aznalcollar massive sulphide deposits, Iberian Pyrite Belt, Spain. Mineralium
Deposita, 33, 1-2, 111-136

SIERRA,J. (1992): El yacimiento de Aznalcollar (Sevilla). en ‘Recursos Minerales de España’, Textos Univ.,
15, CSIC, pp.1353-1374

Riotinto
ALMODOVAR,G.R., CASTRO,J.A., SOBOL,F., TOSCANO,M. (1997): Geology of the Riotinto Ore Deposits.

Geology and VMS deposits of the Iberian Pyrite Belt. SEG Fieldbook Series num.27, 165-172.
BADHAM,J.P.N. (1982): Further data on the formation of ores at Rio Tinto, Spain. Trans. Inst. Min. Met, 91,

B26-B32
BOULTER,C.A. (1993): Comparison of Rio Tinto, Spain and Guaymas Basin, Gulf of California: an explanation

of a supergiant massive sulfide deposit in an ancient sill-sediment complex. Geology, 21, 801-804
BOULTER,C.A. (1993): High level peperitic sills at Rio Tinto, Spain: implications for stratigraphy and

mineralization. Trans. Inst. Min. Met., 102, b30-b38
GARCIA PALOMERO,F. (1980): Caracteres geológicos y relaciones morfológicas y genéticas de los

yacimientos del anticlinal de Riotinto. Tesis Doctoral. Instituto de Estudios Onubenses, Huelva, 263
pp.

GARCIA PALOMERO, F. (1992): Mineralizaciones de Riotinto (Huelva): geología, génesis y modelos
geológicos para su explotación y evaluación de reservas minerales. In ‘Recursos Minerales de España’,
Textos Univ., 15, CSIC, pp.1325-1352

RAMBAUD,F. (1969): El sinclinal carbonífero de Riotinto (Huelva) y sus mineralizaciones asociadas.
Memorias IGME, 71, 229 pp.

SOBOL,F., TOSCANO,M., CASTRO,J.A., SAEZ,R. (1997): A field guide to the Riotinto Mines. Geology and
VMS deposits of the Iberian Pyrite Belt. SEG Fieldbook Series num.27, 158-164

SOLOMON,M., WALSHE,J.L., GARCIA PALOMERO,F.  (1980): Formation of massive sulfide deposits
at Rio Tinto, Spain. Trans.Inst.Min.Met., 89, Feb.1980, pp.b16-b24

WILLIAMS,D., STANTON,R.L., RAMBAUD,F. (1975): The Planes-San Antonio pyritic deposit of Rio Tinto,
Spain: its nature, environment and genesis. Trans. Inst. Min. Met, 84, B73-B82

Concepción
VAZQUEZ,F. (1976): Metalogenia de la Mina Concepción (Almonaster la Real, Huelva, España). Su aplicación

a la prospección de sulfuros masivos en el SO de la Península Ibérica. Comun. Serv. Geol. Port., 40,
107-119

Masa Valverde
RUIZ,C., ARRIBAS,A. (1993): Types of mineralization in the blind massive sulphide deposit of the ‘Masa

Valverde’ (Huelva, Spain) in the Iberian Pyrite belt. In ‘Current Research in geology applied to ore
deposits’, Fenoll,P., Torres,J., Gervilla,F. (eds.), pp.377-380

TOSCANO,.M., RUIZ DE ALMODOVAR,G., PASCUAL,E., SAEZ,R. (1993):  Hydrothermal alteration related
to the ‘Masa Valverde’ massive sulphide deposit, Iberian Pyrite Belt, Spain. In ‘Current Research in
geology applied to ore deposits’, Fenoll,P., Torres,J., Gervilla,F. (eds.), pp.389-392

Sotiel-Migollas
SANTOS,A., CABALLERO,B., PRADA,J.M. (1996): Descripción geológica de los yacimientos de Sotiel

Coronada. Boletin Geologico Minero, 107, 5-6, 511-518

Aguas Teñidas
GUERRERO,V., HIDALGO,R., PONS,J.M. (1999): The geology of the Aguas Teñidas E deposit. INTAS

Workshop Field trip guide, 8 p.
HIDALGO,R., ANDERSON,I.K., BOBROWICZ,G., IXER,R.A.F., GASKARTH,J.W., KETTLE,R. (1998): The

Aguas Teñidas Este deposit. IV Simposio Internacional de Sulfuretos Polimetalicos da Faixa Piritosa
Iberica, A.15,1-6

RODRIGUEZ,P., ANDERSON,K., HIDALGO,R. (1996): Yacimiento de sulfuros polimetálicos de Aguas
Teñidas. Boletin Geologico Minero, 107, 5-6, 673-680

La Zarza
STRAUSS,G.K., ROGER,G., LECOLLE,M., LOPERA,E. (1981):  Geochemical and geological study

of the volcanosedimentary sulfide orebody of La Zarza, Huelva, Spain. Econ.Geol., 76, pp.1975-2000
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Tharsis
KASE,K., YAMAMOTO,M., NAKAMURA,T., MITSUNO,C. (1990): Ore mineralogy and sulfur isotope study

of the massive sulfide deposit of Filon Norte, Tharsis Mine, Spain. Miner.Deposita,25,pp.289-296
STRAUSS,G.K., BECK,J.S. (1990): Gold mineralisations in the SW Iberian Pyrite Belt. Miner.Deposita,25,

pp.237-245
STRAUSS,G.K., MADEL,J. (1974):  Geology of massive sulphide deposits in the Spanish Portuguese Pyrite

Belt. Geol.Rundschau, 63-1 (191-211
STRAUSS,G.K., MADEL,J., FERNANDEZ ALONSO,F. (1977):  Exploration practice for stratabound

volcanogenic sulphide deposits in the Portuguese-Spanish Pyritic belt. In “Time and stratabound ore
deposits”, Klemm,D.D., Schneider,H.J. (eds.), Springer, 55-93

TORNOS,F., GONZALEZ CLAVIJO,E. (1997): Geology of the Filón Norte massive sulfide deposit, Tharsis
area, Iberian Pyrite Belt. Geology and VMS deposits of the Iberian Pyrite Belt. SEG Fieldbook Series
num.27, 145-156

TORNOS,F., GONZALEZ CLAVIJO,E., SPIRO,B.F. (1998): The Filón Norte orebody (Tharsis, Iberian Pyrite
Belt): a proximal low-temperature shale-hosted massive sulphide in a thin-skinned tectonic belt.
Mineralium Deposita, 33, 1-2, 150-169

Sao Domingo
Webb JS (1958. Observations on the geology and origin of the São Domingos pyrite deposits. Comun.

Serv. Geol. Portugal  62:129-143
INSTITUTO GEOLOGICO e MINEIRO (1996): Regiao de Pomarao-Mina de S.Domingos. Livro-guia de

una excursao geologico-mineira ralizada no ambito de una reuniao do departamento de prospecçao
de mineiros metalicos. Inedito. Instituto Geologico e Mineiro, Beja

Aljustrel
BARRIGA,F.J.A.S. (1983): Hydrothermal metamorphism and ore genesis at Aljustrel, Portugal. Tesis Doctoral,

University of Western Ontario, 363 pp.
BARRIGA,F.J.A.S., FYFE,W.S. (1988): Giant pyritic base-metal deposits: the example of Feitais (Aljustrel,

Portugal). Chemical Geol., 69, 331-343
BARRIGA,F.J.A.S., FYFE,W.S. (1998): Multi-phase water-rhyolite interaction and ore fluid generation at

Aljustrel, Portugal. Mineralium Deposita, 33, 1-2, 188-207
SILVA,J.B., OLIVEIRA,V., MATOS,J., LEITAO,J.C. (1997): Aljustrel and the Central Iberian Pyrite Belt. Geology

and VMS deposits of the Iberian Pyrite Belt. SEG Fieldbook Series num.27, 73-113

Neves Corvo
ALBOUY,L., CONDE,L.N., FOGLERINI,F., LECCA,X., MORIKIS,A. (1981): Le gisement de sulfures massifs

polymetalliques de Neves Corvo (Baixo Alentejo, Portugal) Chron.Recherche Miniere, 460, pp.5-27
CARVALHO,D. (1991): A case history of the Neves-Corvo Massive sulfide deposit, Portugal, and implications

for future discoveries. In ‘Historical Perspectives of Genetic Concepts and Case Historiesof Famous
Discoveries’,Hutchinson,

CARVALHO,P., BARRIGA,F., OLIVEIRA,J.T., SILVA,J.B., BELIZ,A., FERREIRA,A. (1998):  Avanços
recentes na geologia de Neves-Corvo. Sua aplicaçao a prospecçao e pesquisa na Faixa Piritosa. IV
Simposio Internacional de Sulfuretos Polimetalicos da Faixa Piritosa Iberica, A.6,1-14

LECA,X., RIBEIRO,A., OLIVEIRA,J.T., SILVA,J.B., ALBUOY,L., CARVALHO,P., MERINO,H. (1983): Cadre
geologique des mineralisations de neves Corvo, baixo Alentejo, Portugal. Mem.BRGM, 121, 79 pp.

OLIVEIRA,J.T., PACHECO,N., CARVALHO,P., FERREIRA,A. (1997): The Neves Corvo Mine and the
Paleozoic Geology of Southwest Portugal. Geology and VMS deposits of the Iberian Pyrite Belt. SEG
Fieldbook Series num.27, 21-71

RELVAS JMRS (2000): Geology and Metallogenesis at the Neves Corvo deposit, Portugal. Unpublished
Ph.D. thesis, Univ. Lisboa, 319 p

Salgadinho
PLIMER,I.R., CARVALHO,P. (1982): The geochemistry of hydrothermal alteration at the Salgadinho Copper

deposit, Portugal. Mineral. Deposita, 17 (193-211

Lagoa Salgada
OLIVEIRA,V., MATOS,J., BENGALA,M., SILVA,N., SUOSA,P., TORRES,L. (1998): Geology and geophysics

as successful tools in the discovery of the Lagoa Salgada orebody (Sado Tertiary Basin - Iberian
Pyrite Belt), Grandola, Portugal. Mineralium Deposita, 33, 1-2, 170-187

RELVAS,J.M.R.S., BARRIGA,F.J.A.S., BERNARDINO,F.B.C.P., OLIVEIRA,V.M.S., MATOS,J.X. (1994): Ore
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zone hydrothermal alteration in drillhole IGM-LS1 at Lago Salgada, Grándola, Portugal: a first report
on pyrophillite in a central stockwork. Bol.Soc.Esp.Min.,17-1,157-158

There is a general overview of the major spanish deposits in
GONZALO Y TARIN,J. (1888): Descripcion física, geológica y minera de la provincia de Huelva. Memorias

de la Comisión del Mapa Geológico de España, v.15, 3 tomos
PINEDO,I. (1963): Piritas de Huelva. Su historia, minería y aprovechamiento Summa, Madrid, 1003 pp.
Genetic model for vhms deposits in the IPB (Carvalho et al. (1999).

Genetic model for massive sulphides in the IPB (Barriga (1990)

Genetic model for vhms deposits in the IPB (Sáez et al. (1999)
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Genetic model for the Tharsis deposits (Tornos et al. (1998)

Genetic model for the Aznalcollar deposit (Ruiz de Almodovar et al. (1998)
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1.4 Exhalites

1.4.1Are “exhalites” (Fe, Si or Mn, units) present at the same stratigraphic level as the ores? Are
other styles of ore-equivalent horizons developed, e.g.; sulphide-bearing epiclastics, pyritic
black shales, limestones? Are the exhalites true seafloor precipitates or simply alteration
(silicification?) of tuffaceous sediments? Key criteria?

Exhalites are a prominent rock type in the IPB. They consist mostly of jaspers interbedded with Mn- and
Fe-bearing carbonates (rhodochrosite), silicates (spessartite, pyroxmanganite, braunite) and oxides. The
silicates are probably related to the regional metamorphism while the oxides are interpreted as generated
during the supergene alteration. Leistel et al. (1998) recognize four types of exhalites including a) red
hematitic cherts (jaspers); b) radiolarian jaspers with Mn-bearing minerals; c) pale sulphidic chert and d)
rhodonite ± carbonate facies. They are interpreted as located at the top of the volcanic sequences or
interbedded with the purple shales (type b). The jaspers more closely associated with MS deposits are
frequently metasomatically transformed into pyritic bluish-grey cherts, known since long as good empirical
guides to MS ores. They cap the massive sulphides at Aljustrel, Lousal, Tharsis, Planes-San Antonio or La
Zarza, sometimes with some m of shales between them. IPB exhalites are considered basically sea-floor
precipitates by Barriga (1990) while Leistel et al. (1998) propose that they formed by silicification of the
host rocks (igneous rocks or shales?).
Sulphide-bearing epiclastics are locally important, mainly in Tharsis at the top of the massive sulphides
but do not form extensive haloes around the orebodies. Pyritic black shales occur in some deposits (Tharsis,
Lousal) lateral to the massive sulphides to an unknown extent (>100 m?). However, they are present in
many other areas and stratigraphic positions with unknown orebodies.

1.4.2  Are exhalites developed at other stratigraphic levels above or below the ore position? How
far above or below?

Jaspers are frequent at the top of the major volcanic edificies (including the barren mafic volcanism), with
variable development – more exhalite does not mean more MS ore. Minor jasper lenses can be also found
within the volcanic rocks. Radiolarian cherts (not metasomatic cherts after jaspers) occur at a high
stratigraphic position, interbedded with the purple shales in the uppermost part of the Volcanosedimentary
Complex. Is the only level of exhalites located in an specific stratigraphic position. Thus, exhalite-type
levels can be found throughout the ore-hosting Volcanic-Siliceous Complex, through thicknesses up to
several hundred metres.

1.4.3  Can the exhalites be mapped along strike from the deposit (how far?), and are they useful
for exploration? How do you distinguish ore-associated exhalites from barren exhalites?

There is no agreement about that. Barriga (1990) and Carvalho et al. (1999) indicate that they can be
mapped from hundreds to thousands of meters away from the orebodies, thus being useful in exploration
(see 4.1). Leistel et al. (1998) and Tornos et al. (1997) suggest that the cherts capping the massive sulphides
occur only in direct relationship with the massive sulphides. There are marked textural, mineralogical and
geochemical differences among ore-associated and the remaining exhalites. The sulphide-related exhalites
are reduced (white, greenish and grey)and pyritic while the regional ones are usually jaspers.

1.4.4  Is there a geochemical database for exhalites in your belt (how many samples, REE data,
isotope data)?

No organised geochemical database exists. The data exist, scattered through various studies (articles,
theses). Research whole-rock analyses (major and several tens of trace elements) probably add up to
nearly 200. Stable isotope determinations (H, C, O, S) maybe 50 to 100; lead isotopes (19 determinations.

1.4.5 List key references

BARRIGA,F.J.A.S. (1983): Hydrothermal metamorphism and ore genesis at Aljustrel, Portugal. Tesis Doctoral,
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University of Western Ontario, 363 pp.
BARRIGA,F.J.A.S., FYFE,W.S. (1988): Giant pyritic base-metal deposits: the example of Feitais (Aljustrel,

Portugal). Chemical Geol., 69, 331-343
LEISTEL,J.J., MARCOUX,E., DESCHAMPS,Y. (1998): Chert in the Iberian Pyrite Belt. Mineralium Deposita,

33, 1-2, 59-81
MIRAO, J.A.P. (1996): Sedimentos químicos de Neves Corvo: a unidade jaspes e Carbonatos (JC).

Unpublished M.Sc. thesis, Univ. Lisboa, 119 p
JORGE,R.C.G.S., BARRIGA,F.J.A.S., RELVAS,J.M.R.S.  (1998): Soloviejo Manganese deposit:

mineralogy and geochemistry, progress report. Comunicaçoes Actas V Congresso Nacional Geologia,
84-1

SEDLER,I.K., WIPFLER,E., MATHEIS,G. (1997): The formation of stratiform manganese deposits vs VMS
deposits in the SW-Iberian Pyrite Belt. In Papunen,H. (ed.), Mineral deposits: research and exploration,
Balkema, Rotterdam, 575-578

TORNOS,F., GONZALEZ CLAVIJO,E., LOPERA,E. (1997): A guide to the surface geology of the Filón
Norte open pit, Tharsis district. Geology and VMS deposits of the Iberian Pyrite Belt. SEG Fieldbook
Series num.27, 137-145.

5. Alteration facies

1.5.1 Have regional diagenetic, hydrothermal and metamorphic mineral assemblages and textures
been identified? Criteria used for discrimination?

A pre-mineralization regional hydrothermal alteration affecting much of the volcanic stratigraphy have been
reported (Barriga and Kerrich (1984; Munhá et al. (1986). It include an irregular but pervasive sericitization,
albitization, spilitization, silicification, chloritization and epidotization of the volcanic rocks, yielding mineral
associations with some superficially resemblance to the effects of regional metamorphism on both felsic
and mafic volcanic rocks. Detailled studies of alteration petrography, geochemistry and stable isotopes
have demostrated a low-temperature, and high W/R metasomatic alteration process related with the diffuse
discharge of moderately modified seawater, convected through the volcano-sedimentary pile during and
after their deposition, but prior to the ore-genesis. The assemblages are usually different to those of the
inner zones of the hydrothermal massive sulphide-related alteration but can be difficult to distinguish from
the peripheric alteration (see 5.2). However, very little specific work on the textures, mineralogy and
geochemistry has been performed.
At Aljustrel, the mineralogical imprints ascribed to this hydrothermal alteration episode record predominantly
the geochemical signature of the seawater influx circuit: i.e. retention of the seawater magnesium in chlorite,
accompanied by oxidizing alteration at the shallower stratigraphic levels, changing down section into reducing,
silica and metal-leaching phyllic alteration (Barriga (1983; Relvas (1991).
Finally, there is a post-ore regional hydrothermal alteration related to very low grade metamorphism (up to
lower greenschist facies, Munhá (1983; Sánchez-España and Velasco (1999) believed to have been
essentially isochemical. This may be responsible for upgrading of the lower grade hydrothermal minerals
(e.g. clays) and for obliteration of some primary/diagenetic textures. The metamorphic mineral assemblages
of metasediments and felsic volcanic rocks typically include the quartz + illite + chlorite + albite association;
this alteration is very similar to that of the seafllor hydrothermal alteration in the mafic rocks. Diffractometric
mesurements of illite and chlorite crystallinity and illite b

o
 values, characterize the greenschist facies

(Sánchez-España et al., 2000). On the other hand, prehnite, pumpellyite, epidote and actinolite are typical
in rocks of basic to intermediate composition (Munhá (1983). The subdivision in metamorphic zones probably
needs a revision.
The massive sulfide-related hydrothermal alteration usually shows a zoned pattern. Mineralogical differences
between chloritic haloes and previous, regional alteration are sharp, as described in detail (Barriga, 1983;
Costa et al., 1997; Almodóvar et al., 1998), whereas more subtle mineralogical studies (e.g., Ba content of
micas, see Toscano et al, 1993; plagioclase studies, Costa, 1996) are needed to differentiate sericitic
haloes from regional alteration.

1.5.2 What (if any) is the immediate footwall alteration mineralogy and zonation? Is the footwall
alteration more commonly in stratabound zones or in pipes?

The main type of massive sulphide-related hydrothermal alteration conforms well to the general VMS pattern
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of a chloritic stockwork pipe surrounded by sericite-rich haloes (e.g. Franklin et al. (1981). Autochthonous
deposits are rooted in stockworks, and their identification is standard practice since the early eighties (see
Garcia Palomero (1980; Strauss et al. (1981; Barriga (1983).
These zones are usually cone-shaped or stratabound in morphology and usually host the stockwork. The
stockwork alteration can be detected more than 1 km away from massive sulphide bodies and several
hundred meters deep. The main type, typically developed on felsic igneous rocks, shows a typical inner
chloritic zone related to the stockwork pipe and surrounded by a quartz+sericite-rich haloe. Good examples
are those of Riotinto, Aznalcóllar, La Zarza, Masa Valverde, Aljustrel and Sargadinho. The general
characteristics of ore-associated alteration have been outlined by Barriga and Carvalho (1983), Barriga
and Fyfe (1988), Barriga (1990), Toscano et al. (1993), Leistel et al., (1994), Piantone et al. (1994), Relvas
et al. (1994), Costa et al. (1997), Almodovar et al. (1998)or Sánchez-España et al. (2000).

 (1) chlorite+quartz+sericite+pyrite+(carbonates+carbonate+rutile+ chalcopyrite) pervasive and texturally
destructive alteration replacing the pre-existing volcanic rocks, located in the inner and more intensely
altered stringer zones;

(2) sericite+quartz+pyrite+chlorite+(carbonates+sphalerite+rutile) alteration, normally at outer and
peripheral areas far away of the stringer centre; is dominant in felsic volcanic host rocks;

(3) the type 2 ore zone alteration is surrounded, in the sense of greater distance to sulphide mineralisation,
by an external alteration halo, Type 3 alteration, described in the Gavião area (Aljustrel) for the first
time. It is much subtler than the others (as it corresponds to weaker alteration), but affects a very large
volume of volcanic rocks, and is of particular importance in exploration, given its ultraperipheral situation
with respect to ore.

(4) locally others more restricted alteration types have been found and studied (e.g. mineral assemblages
with the pressence of hydrothermal pyrophyllite or dombasite at the Lagoa Salgada and Neves Corvo
stockworks, respectively).

(5) ankerite-rich with quartz, chlorite and pyrite hydrothermal alteration located in diferent zones of the
alteration zone.

Overall, there is a clear pattern from nearly complete removal of alkalies in the core of hydrothermal pipes
(Type 1 alteration), followed by a potassic (±Ba) zone (Type 2 alteration), grading into an external zone
where Na is fixed in alteration minerals (Type 3 alteration).
When the stockwork is hosted by shales (e.g., Tharsis), the hydrothermal alteration consists of an unique
zone of chloritic alteration (Tornos et al. (1998).
Presence of faults, frequently very near the massive orebodies, prevent the exact knowledge of the size
and extent of the metasomatic zones.

1.5.3 What (if any) is the extent and mineralogy of hangingwall alteration? Give morphology,
dimensions and mineral zonation.

Hanging wall alteration can be a common feature of some deposits in the IPB, affecting three types of
lithologies: a) hanging wall volcanic rocks, when present; b) jaspers; and c) pelitic sediments. The first case
produces stockwork-type alteration, with similar zonation to that present under the massive sulphide bodies.
Cherts immediately above sulphide ores can be sometimes hydrothermally altered jaspers (Barriga (1983;
Barriga and Fyfe (1988), with reduction of bright red hematite to magnetite, chlorite and pyrite and injection
of Mn-precipitating fluids. Hanging wall alteration in pelitic sediments may affect the lowermost 10 meters
or so of the rocks, such as at Salgadinho (Carvalho (1976; Plimer and Carvalho (1982) and Aljustrel (Barriga
and Fyfe (1988). The phyllites and tuffites that compose these formations are often, but not always, intensely
veined, chloritized and carbonatized (with or without sulphides), sometimes with complete replacement of
the original rock. However, the exact discrimination between the massive sulphide related hanging wall
alteration and late syntectonic alteration is not always easy.

1.5.4What particular alteration indices (vectors) have been established?

Several studies of host rock hydrothermal alteration (Relvas et al. (1990; Relvas (1991) have revealed a
strong leaching of Na accompanied by an enrichment in Fe-Mg in the most inner zones. Footwall, ore-zone
alteration has been successfully used in several exploration studies. The peripheral and ultraperipheral
alteration zones (2 and 3) have been of particular interest. Type 2 is characterized by complete replacement
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of igneous feldspars by K-sericite, abundant hydrothermal quartz and sulphides, vein-controlled alteration,
very low Na

2
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O+K

2
O), very constant (K
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O+BaO)/Al

2
O

3
 between 0.2 and 0.3, and generally high *Fe

(and Fe2+/*Fe), particularly towards the cores of the hydrothermal systems. In Type 3 alteration (particularly
subtle) the mineralogy, chemistry and zonation of (previous) regional alteration are partly preserved. Igneous
feldspars are often not completely replaced. Nevertheless, Type 3 alteration can be detected by a) presence
of hydrothermal quartz; b) sporadic occurrence of deformed (pre-tectonic) quartz + sericite + chlorite +
sulphide veins surrounded by alteration halos; c) disseminated sulphides in the rock matrix; d) presence of
Na-bearing sericites replacing regional sericite, sometimes nearly pure paragonite; e) Fe2+/ΣFe shifted
towards reduction (values near 1) in rocks otherwise similar to green facies regional alteration  (i.e. reduced
rocks rich in Mg and Fe); f) high whole rock values of Na
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O)>0.5, and (K
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<0.14.

Sánchez España et al. (2000) have reached similar conclusions. Sericitization was accompanied by moderate
enrichment in Mg, Fe with depletion in Si, Na, and K, whereas chloritization involve large gain in Fe, Mg and
minor enrichment in Si, S, and Mn and significant loss in Na and K. Footwall hydrothermal alteration halos
has been successfully used in several exploration studies.The application of alteration indices (AI) for
separately mayor and trace elements have improved the recognition of hydrothermal alteration. Modified AI
used by Sánchez-España et al. (2000) allow the easy distinction between the least-altered, sericitized and
chloritized rocks, and help to discriminate the degree of alteration.
Additionally, hanging wall alteration has also been tested as a possible guide to ore.

1.5.5 Is there a database of alteration geochemistry been compiled for the district? (number of
samples?).

No. Available data (several hundred samples), performed by different laboratories using different analytical
methods, are scattered in the refered papers, reports and internal databases.

1.5.6 Is there a database of whole rock oxygen isotopes? (number of samples?) Is data available
on H or C isotopes?

No. Nevertheless, a reduced number of available data on H, O, and C from whole rock, quartz and chlorite,
mainly from Aljustrel, Sargadinho and Rio Tinto (Barriga and Kerrick (1984; Munhá et al. (1986) and Tharsis
(Tornos et al. (1998).

1.5.7  Have deep semi-conformable alteration zones been identified ¿ What is their dimension,
mineralogy, and chemical characteristics? Is there evidence for metal depletion?

The deeper portions of massive sulphide-forming hydrothermal systems are inaccessible or tectonically
disrupted. Therefore their relevance on regulating productivity and metal contents of ore deposits have
deserved little attention in the IPB models. Exposures of plutonic roots are missing throughout the entire
belt and only limited parts of the footwall successions are accessible. The thickness of the footwall volcanic
rocks are usually rather modest, up to ab. 500 m. Nevertheless, mineralogical and geochemical studies
have detected significant metal leaching from footwall volcanic rocks (Barriga and Fyfe (1998). Also, several
studies have concluded that significant metal was derived from infra-volcanic sources, including the PQ
sediments and magmatic and/or metamorphic fluids derived from basement rocks (Barriga (1983; Velasco
et al (1998; Saez et al. (1999; Tornos and Spiro (1999; Relvas, 2000).

1.5.8 Is alteration geochemistry used to assist exploration in the district?

Yes. Generally, studies of hydrothermal alteration can be useful in exploration because reveal the location
of massive and stringer sulphide deposits, and their intensity could be associated with enriched
areas.

1.5.9 List key references
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1.6. Hydrothermal geochemistry

1.6.1 Are there systematic published studies on the mineralogy, mineral paragenesis and mineral
chemistry of the ores and altered host rocks. Which deposits?
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There are systematic studies of the mineralogy and hydrothermal alteration of the following deposits:
Aznalcollar (Almodovar et al. (1998); Riotinto (García Palomero (1980); Tharsis (Marcoux et al. (1996;
Tornos et al. (1998); Aljustrel (Barriga (1983) and Neves Corvo (Gaspar (1996). Specific studies on the
mineralogy of the hydrothermal alteration include those of Relvas et al. (1994; Lagoa Salgada), and Sanchez
España et al. (2000; Concepción-San Platón, Aguas Teñidas). García de Miguel (1990) performs an extensive
mineralogical study on 19 deposits while Marcoux et al. (1996) studied the bi and Co-bearing assemblages
while Velasco et al. (1998) studied the textures of different ore facies. See 3.8.

1.6.2 Are the temperature, salinity and chemistry of the ore fluid well constrained from deposit
data? What is the quality of primary fluid inclusion data?

The quality of the fluid inclusion data is under discussion since there is an strong Variscan deformation
channelized along thrusts; that is specially important in deposits in the northern part of the belt or hosted by
shales. However, Sánchez España et al. (2000) suggest that the geochemistry of Variscan fluids is different
from the primary ones. Fluid inclusion studies include those of Almodovar et al. (1998) in Aznalcollar (T

h
=139-

384°C; 0.4-12.4 wt%NaCl eq.), Toscano et al. (1997) in Masa Valverde (T
h
=139-287°C; 3.4-12.4wt% NaCl

eq.), Nehlig et al. (1998) in the stockwork of Riotinto (2-10wt% NaCl eq.; T
h
=130-230°C) and Sánchez

España et al. (2000) in San Miguel, San Telmo and Aguas Teñidas. Their fluid inclusion data suggest that
fluids circulating in the systems were aqueous fluids with very variable salinities, 0-14 wt%NaCl eq. Sánchez
España et al. (2000) detect some higher salinities (16-24wt%) perhaps due to local boiling. The low saline
fluids seem to be related to lateral recharge of seawater. Metamorphic fluids have lower salinities
(ab.4wt%NaCl eq.) and higher CO

2
-CH

4
 contents. In Tharsis there are some data that suggest that the

primary fluid inclusions have been modified due to the Variscan deformation.

1.6.3 Is there any evidence for fluid boiling, give details?

Toscano et al. (1997) quote some fluid inclusion evidence of boiling at Masa Valverde and Sánchez España
et al. (2000) find some high saline fluids that are attributed to local boiling. Tornos et al. (1998) suggest
boiling of the hydrothermal fluids based on indirect evidences, including the presence of Au-bearing
carbonate-rich assemblages and of hydrothermal breccias at Tharsis. However, several models suggest
inhibition of boiling due to great depths (Almodovar et al. (1998).

1.6.4 What hydrothermal thermodynamic modelling has been attempted? What modelling software
was used (if any)?

Some preliminary results of the solubility of metals (Fe, Cu, Zn and Pb) in the hydrothermal brines are
presented by Tornos & Spiro (1999) using a modified version of the SOLVEQ/CHILLER package.

1.6.5 What additional information is required to develop robust geochemical models?

More numerical modeling trying to predict the different mechanisms of ore formation in the IPB.
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TOSCANO,M., SAEZ,R., ALMODOVAR,G.R. (1997): Multistage fluid evolution in the Masa Valverde
stockwork (Iberian Pyrite Belt): evidence from fluid inclusions. SEG Neves Corvo Field Conference,
Abstracts, 101.

VELASCO,F., SANCHEZ ESPAÑA,J., BOYCE,A., FALLICK,A.E., SAEZ,R., ALMODOVAR,G.R. (1998): A
new sulphur isotopic study of some Iberian Pyrite Belt deposits: evidence of a textural control on some
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1.7 Source of fluids, sulfur and metals

1.7.1 How extensive is the S isotope database on ores, sulfates and host rocks (numbers of
analyses)? What is the range of d34S? Do the massive sulfides and stringer zones have the
same mean value and range? What is the interpreted source(s) of sulfur?

The sulphur isotope database include 581 analyses both by conventional and laser ablation (Rambaud
(1969; Arnold et al. (1977; Routhier et al. (1978; Eastoe et al. (1986; Mitsuno et al. (1988; Kase et al. (1990;
Yamamoto et al. (1993; Tornos et al. (1998 and Velasco et al. (1998). Most of them are of the massive
sulphides (530) and stockworks (51) and only a few are from the volcanic rocks (8); shales in the PQ Group
and VSC (13) and jaspers (4). The sulphates have only been analyzed in 11 samples. The d34S variation of
the massive sulphides is –34.2 to 12.4 permil and of the stockworks is from –4.5 to 11.7 permil.  The
sulphates range between 14.9 to 24 permil. The interpretation of the sulphur isotope signatures are:

a) There is a single source of sulphur (deep origin) with values near 0 permil and the variations are due
to oxidation (Kase et al. (1990; Barriga (1990; Yamamoto et al. (1993).

b) There are two sources of sulphur (Munhá & Kerrich (1980; Mitsuno et al. (1988; Kase et al. (1990;
Tornos et al. (1998; Velasco et al. (1998). One is of deep origin – due to the leaching from the basement
(Tornos et al. (1998), from volcanic rocks (Arnold et al. (1977; Mitsuno et al. (1988; Kase et al. (1990)
or from the abiogenic reduction of seawater while circulating in the basement (Eastoe et al. (1986;
Velasco et al. (1998) – and another is acquired in situ by biogenic reduction of seawater sulphate.

Velasco et al. (1998) suggest that there is an increase in the d34S signatures of the sulphides during the
evolution of the sulphides, from sedimentary textures to diagenetic and metamorphic.

1.7.2 How extensive is the Pb isotope database on ores and host rocks (number of analyses and
range of 206/204Pb and 207/204Pb ratios on ores?). What is the interpreted source of
metals?

There are 72 analyses of massive sulphides and 14 from the host rocks (marcoux (1998). The range of
206Pb/204Pb is near 18.184±0.018, that of 207Pb/204Pb is 15.625±.015 and that of 208Pb/204Pb is 38.191±0.049.
In general the massive sulphides signatures are very homogeneous and plot in a tight cluster, suggesting
a major derivation from an evolved crustal reservoir; their signatures are equivalent to those of the host
volcanic rocks suggesting a relationship between both of them. Only the data on Neves Corvo are very
heterogeneous, with very radiogenic (>18.4) values for the tin ore; Marcoux (1998) interpretates these
signatures as due to the existence of a three-component source.  Those of Tharsis are slightly less radiogenic
than average values. The origin of metals could well be the basement (Tornos & Spiro (1999), the acid
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volcanic rocks (Barriga (1990) or both (Sáez et al. (1996). Marcoux (1998) suggests a magmatic source of
lead. There are 19 analyses of cherts and jaspers (Leistel et al. (1998) that have a different lead composition
than te massive sulphides.

1.7.3 Is there any other isotopic data (Os/Re, Sm/Nd, Sr) that may assist in determining the source of
metals ?

There are some data on Re/Os isotopes (Mathur et al. (1999) that suggest a major contribution from crustal
rocks (188Os/187Os=0.69). The Sr data are restricted to some igneous and basic rocks (Hamet & Delcey
(1971; Priem et al. 1978, Mitjavila et al., 1997). The 87Sr/86Sr results of ankerites from the carbonate-rich
alteration at Tharsis and Sotiel (Tornos & Spiro (1997 (1999)  suggest that the Sr of the hydrothermal
systems was derived from the mixing of Sr from two sources, the siliciclastic rocks of the PQ Group or an
older, highly radiogenic basement, and seawater. In these deposits, the igneous rocks can be excluded as
a major source of strontium.

1.7.4 Is there any evidence for magmatic fluid/metal input? If so what is the key evidence?

The O-H isotope geochemistry presented by Munhá & Kerrich (1982), Barriga & Kerrich (1984) and Munhá
et al. (1986) suggest that the fluids involved in the hydrothermal system were mainly of seawater derivation
with very variable interaction with the host volcanic rocks. These authors suggest very little –if any- magmatic
contribution.

1.7.5 What further research is required to determine the source of fluids, sulfur and metals?

a) Improvment of the sulphur isotope database by careful study of single, not well studied deposits and
relationships with facies and location within the orebodies.

b) Increase of the Pb isotope database
c) Detailed O-H studies at a deposit scale
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1.8 Subvolcanic intrusions

1.8.1 Have syn-volcanic intrusions been identified and are they associated with VMS deposits?
What is their composition and are they composite?

a) Although their importance and role has been overemphasized (e.g., Boulter, 1996, 1997), felsic
subvolcanic sills, ranging from dacitic to rhyolitic occur in several areas in the IPB. In many
cases, however, they intrude after the VMS, so their emplacement cannot have triggered massive
sulfide deposition (e.g., Almodóvar et al., 1998).

b) Basaltic subvolcanic sills are also common in the IPB. They intrude apart from felsic sills, and
no composite subvolcanic body has been reported. In some instances, they have been identified
below VMS, as in Aznalcóllar (Almodóvar et al., 1998). This has led to suggest a general link
between emplacement of basic subvolcanics and VMS deposits (Sáez et al., 1996, 1999), also
in view of some of the chemical and isotopic signatures found in the deposits (Almodóvar et al.,
1998). However, in other areas (Riotinto, Tharsis) the basic rocks  predate the massive sulphides
and are affected by the hydrothermal alteration (Tornos et al.,1998).

c) Granitoid stocks are scarce. Some link between granitoids, occurring towards the northern
limit of the IPB,  and the IPB felsic volcanics has been suggested (Giese et al., 1993; Thiéblemont
et al., 1995), with the implication that some equivalent of these rocks could act as a heat
source for VMS. However, geological evidence seems to put serious problems to this idea
(Sáez et al., 1996). On the other hand, in the Spanish IPB there are some suggestions of
hidden, late granitoids (Sáez et al., 1988). These were emplaced after the major F

1
 Hercynian

deformation phase, so they are not relevant to the VMS genesis.
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1.8.2 Classify them as shallow (<1000 m from the lowest VMS horizon), epizonal (1000-3000 m)
or  deep (>3000 m).  Is there more than one level present? What is their geometry and
dimensions.

a) Further work is required to solve this question in full. Some basic sills are interpreted to be
located at a shallow/epizonal level below massive sulfides (Almodóvar et al., 1998), but in
other cases the occurrence of these subvolcanics must be considered only as a work  hypothesis,
which finds more support in geochemical than in field evidence.

b) In spite of some suggestions (Boulter, 1993, 1996) felsic subvolcanics do NOT systematically
underlie VMS. In many of these cases, they make part of stockwork zones, exhibiting strong
sericitic and/or chloritic alteration. On the other hand, peperitic sill contacts occur in a number
of felsic and basic sills suggest a shallow emplacement (irrespective to the VMS) in a number
of cases. Deeper emplacement is suggested in other cases, as shown by local contact
metamorphism.

c) Single basic sills have a maximum length of about 1 km, with maximum thickness of 50 m.
Much larger sizes have been suggested for felsic sills, but  this suggestion need further revision.

1.8.3 Are they hosted by comagmatic volcanics? Underlying basement?

a) Most of sills, both felsic and basic, are hosted by volcaniclastic rocks having the same
composition as felsic sills, i.e., from dacite to rhyolite. Should we remark that this similarity
tends to be ignored by authors proposing a genetic VMS model based on sill emplacement
(Boulter, 1996).

b) No subvolcanic rock has been reported to clearly intrude the IPB basement.

1.8.4 Are they identified as comagmatic to VMS-hosting strata by: a) geology; b) igneous
geochemistry, and/or c) geochronology?

Mostly by geology and geochemistry. Note again that geochronology is a major pitfall in the IPB geology.

1.8.5 Are they related to district-scale alteration zones? Key evidence?

There is no evidence for such a relation.

1.8.6 Do they contain extensive areas of alteration? Do they contain base-metal and/or gold
occurrences?

See above (8.2)
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1.9 Hydrogeological modelling

1.9.1 Are there any published or unpublished hydrogeological models for the district or for individual
deposits? What software package was used?

Not really. The main problem is that post-ore deformation has greatly changed original porosities and
permeabilities. Recent works carrying on include an study of L.Cathles about the hydrological evolution in
sill-related hydrothermal systems.

1.9.2 Are there any data on the original porosity and permeability of the volcanic and sedimentary
facies in the succession?

There are solely very general conjectures based on assumptions of a very high abundance of hyaloclastites
(granular tuffs), pumice mass flows, epiclastic sediments and concomitant extremely high permeabilities.
There is a database on the permeability and porosity of the sedimentary and volcanic rocks in the IPB
carried out by ITGE.

1.9.3 Have regional or local hydrothermal fluid pathways been defined? Using what data or criteria?

Fluid pathways have been loosely defined on the basis of hydrothermal alteration systematics.

1.9.4 Have any heat sources or fluid driving mechanisms been defined?

Magmatic or metamorphic heat sources at depth are generally accepted as necessary but there are no
hydrogeological models supporting the geological data.

1.9.5 What research is required to develop robust hydrogeological models? What computer codes
are suitable and available? What computer code developments are needed to better constrain
3D heat and fluid flow modelling?

Any study of this type will improve the knowledge in the IPB. However, the strong deformation and
hydrothermal alteration + metamorphism have obliterated the original configuration of the basin and the
characteristics of the host rocks

1.9.6 List key references

1.10 Exploration criteria

1.10.1 How where the known deposits found? Provide a list with dates and the key methods. (eg.
outcropping gossan, gravity, magnetics, soil geochemistry etc).
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Most of the outcroping massive sulphide deposits were discovered by pre roman (<3000 BC) and roman
miners and mainly the key method was the location of gossans (i.e. Rio Tinto, La Zarza, Aznalcóllar, Tharsis,
Sotiel, etc.).

Most of these deposits they were extensively mined from the second half of XIX C till the beginning of the
second half of XX Century. Due to the partial exhaustion of the historical mines, the mining companies
started to investigate the deept continuation of the orebodies, and later on to prospect new areas, but never
at depths higher than 250 m.

During the last 30-40 years, the shallow targets were already located,so new deposits were searched at
higher depths into the Volcanosedimentary Complex and later on, below the Culm and Tertiary sediments.

Most of the deep deposits were discovered by gravimetry + (EM) in areas with an strong geologic control.

Deposit Tonnage %Cu %Pb %Zn Method Year Company

Gaviao 20 1.50 Gravity 1970 EDMA

Los Frailes 71 0.34 2.17 3.85 Gravity 1977 Apirsa

Neves Corvo >300 1.60 0.28 1.40 Gravity 1977 BRGM, Peñarroya, State

Aguas Teñidas 41 1.3 0.9 3.1 Ground EM 1985 Billiton

Masa Valverde 50 0.52 0.62 1.28 Gravity 1986 Adaro ,Peñarroya

Migollas 57.6 0.88 1.12 2.23 Gravity 1990 Almagrera

Lagoa Salgada Gravity 1992 SFM

Las Cruces 42.7 2.95 1 2.14 Gravity 1994 RIOFINEX

1.10.2 Currently, what are the key methods used by companies to identify 1) prospect areas, and
2) drill targets?

Basically, the delimitation of geological zones with vhms potential is the first method of prospection in the
IPB. The key methods used by companies to identify the drill targets is mainly gravity, generally combined
with other methods like electromagnetics, magnetics and geochemistry.

1.10.3 What regional exploration data sets are available from the relevant government departments
: aeromagnetics?, gravity?, EM?, stream geochemistry?, soil geochemistry?, till
geochemistry?, rock-chip geochemistry? Give specifications and degree of coverage.

The Spanish and Portuguese Geological Surveys hold a database including all the relevant information
about the IPB (GEOMIST). It includes the geological background as well the location of prospects and
deposits and the geophysical data. The database include:

SPAIN:· Gravimetric data: 27.335 gravity measurement points.  Coverage area: 6203 km2.· Mineral
occurrences: 353 records.· Geological data:- Simplified geological map 1:100.000- 12 sheet 1:50.000.·
Lithogeochemical data: 627 samples (major and trace elements).  Coverage area: 6530 km2.  Petrophysical
data: 1.222 samples (porosity, density, sonic speed, magnetic sucept.)  Coverage area: 6530  km2.·
Exploration drill hole: 322.· Airbone Magneto-Radiometric Survey (1996/1997) covering all the IPB: Final
magnetic data, total counts and K-U-Th counts.

PORTUGAL:  Gravimetric data: 320.000 points.· Exploration drill hole: 924.· Magnetic survey: 554.000
points.· Radiometric survey: 306.605 points.· Electric survey: 845 km. Perfil lengths. Coverage area: 1114
km2.

1.10.4 What percentage of the volcanic district is under shallow cover? Have any deposits been
discovered in the covered areas?
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Close to 50% of the volcanic distric is covered by younger sedimentary rocks (Culm facies from the Upper
Carboniferous, and sands, marls and limestones from the Miocene and Pliocene). However, also shales
and quarzites from the basement (PQ Group, Upper  Devonian) can be thrusted above the
Volcanosedimentary Complex hosting massive sulphides. There are several massive sulphide deposits
below a non-volcanic cover:

Deposit Depth Cover

Los Frailes 20-50 m. Miocene (conglomerate, limestones and marls) and Pliocene (Sands)

Masa Valverde 500 m. Upper Carboniferous, Facies Culm (greywackes and shales)

Migollas 450 m. Upper Devonian, PQ Facies (shales and quarzites) overthrusting.

Las Cruces 120 m. Miocene (conglomerate, limestones and marls) and Pliocene (Sands)

Neves Corvo 200 m. Upper Carboniferous, Facies Culm (greywackes and shales)

Lagoa Salgada 120 m. Miocene (conglomerate, limestones and marls) and Pliocene (Sands)

1.10.5 What exploration methods need to be considered or further researched in your district?

Detailed geological mapping on 1:10.000 and 1:5.000 must be done in all prospect areas where the volcanic
rocks outcrop. The gravity and the electromagnetic (ground and downhole) will continue being the most
used geophysic methods in the future, but helped by magnetics, some geochemistry, radiometrics and
some new methods that are developing at the present time i.e. geothermal and tomography methods.
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1.11 Research strengths for your VMS district
1 2 3 4 5

1. Tectonic and structural setting: X

2. Volcanic architecture: X

3. Styles of deposits: X

4. Exhalites: X

5. Alteration facies: X

6. Hydrothermal geochemistry: X

7. Sources of S, metals, fluids: X

8. Hydrogeological modelling: X

9. Subvolcanic intrusions: X

1   =  Adequate database and extensive interpretation of data
2  =  Adequate database but little interpretation
3  =  Extensive interpretation but inadequate database
4  =  Moderate database and interpretations (needs improvement)
5  =  Inadequate database and little interpretation

1.12 List of twelve key references

List the major references, even if the interpretations differ from those generally accepted. The key references
should include those that have the major geological, geochemical etc data (maps and tables) and also
those that contain important discussions and interpretations. Make sure the titles of key maps or map
series are included. List key unpublished references (eg. theses) especially if they contain critical data not
available elsewhere.
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