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similar de Cu, Ni y Co, la Mina del
Aramo (Riosa, Asturias), muestran
temperaturas de homogeneizacion entre
80°C y 170°C, con un mdximo de
temperaturas medidas entre 120°C y
125°C, lo que concuerda con estos
datos.

La abundancia de disulfuros metaes-
tables en el primer episodio estd en
consonancia con el cardcter hipersa-
lino y bituminoso de la roca enca-
jante, capaz de general altas fugaci-
dades de azufre (Gonzilez-Lastra,
1978). La presencia de marcasita en
la mineralizacién hipogénica indica
una acidizacién del medio.

En conjunto se puede considerar la
mineralizacién como el resultado de

la interaccién entre fluidos de caricter
dcido y origen profundo, con un
medio alcalino y reductor, posibili-
tando la precipitacién ciclica, esen-
cialmente en forma de sulfuros, de un
importante stock metdlico. La morfo-
logia del yacimiento, tanto como el
cardcter carbonatado de la roca enca-
jante favorecen la penetracion poste-
rior y en profundidad, de aguas
metedricas, desarrollando asi una im-
portante alteracion supergénica.

Los andlisis por microsonda electrénica
han sido realizados en el C.LD.A. de Cris-
taleria Espafiola, S. A. Este trabajo se ha
desarrollado en parte gracias a una Beca
de Investigacién de la Junta de Castilla y
Lebn.
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ABSTRACT

The distribution of the faunas and sediments of mediterranean character is related to

paleogeographical aspects (epicratonic seas at high latitudes surrounding the Gondwanan
continent) as well as to global transgressive-regressive cycles which, together with some
oceanic currents, facilitated the interprovincial dispersal of certain characteristic elements
throughout several epochs of the Ordovician Period.

RESUMEN

La distribucién de las asociaciones fosiliferas de «tipo mediterrineo» esti relacionada
con factores paleogeogrificos (mares epicraténicos de latitudes elevadas préximos al con-
tinente de Gondwana) y con los ciclos globales de transgresién-regresién que, combinados
con las corrientes marinas, facilitaron la dispersién interprovincial de algunos elementos
caracterfsticos a lo largo de diversas etapas del Periodo Ordovicico.
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According to modern palinspastic
reconstructions based on paleomagne-
tic data, a large part of western and
central Europe, eastern Newfoundland-
Nova Scotia (Acadia, Avalonia) and
the Appalachian Piedmont were assem-
bled during the Ordovician Period as
«ibero-armorican» cratonic blocks or
microplates (2), closely associated at
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high southern latitudes with the sou-
thernmost margin of the Gondwanan
continent (fig. 1). This area was cha-
racterized by the predominance of
clastic sediments, often enriched in
iron compounds, and by the virtual
absence of well developed limestones.
The faunas of the whole area are also
closely related and are considered as

of the cold-water type, belonging to
the Selenopeltis province of trilobites,
Atlantic province of epiplanktonic
graptolites, Anglo-French, Celtic and
Bohemian subprovinces of the Euro-
pean brachiopod realm, as well as to
the Northatlantic conodont realm (6,
9). The inshore faunal communities
of the Mediterranean Ordovician are



Fig. 1.—Early Ordovician (Arenig-Llanvirn) paleogeographic reconstruction of the sout-

hern hemisphere (polar projection, modified from different authors). Land areas are

denoted by the oblique shading: 1, Laurentia; 2, Baltic-Podolian craton; 3, Kazakhsta-

nia; 4, Gondwana. The square shading indicates the possible extent of the polar ice

sheet (cf. reference 3). Its limits are taken inside the distribution of the inshore Neseu-
retus biofacies (black points) over Gondwanaland.

typified by the Neseuretus biofacies,
which were restricted to shallow seas
and epicratonic platforms around
Gondwanaland at high to relatively
high latitudes. On the other hand, the
Cyclopygid biofacies includes the most
exterior tribolite associations repre-
sented by mesopelagic atheloptic forms
often occuring in off-shelf environ-
ments. The correlation between both
belts is aiways favoured by the com-
mon presence of either epiplanktonic
or epipelagic elements such as grapto-
lites and trilobites like Selenopeltis, or
else by the occasional mixture of
both communities near the shelf edge
environments with trinucleids (4, 5).
In the stable shelf areas and epicra-
tonic blocks which exhibit mediterra-
nean faunistic and lithological featu-
_ res, uniform sedimentary conditions
developed by the time the global
transgressions took place, introducing
the same kind of shallow clastics over
wide and large areas. This is exempli-

fied by the ubiquitous Cruziana-
sandstone facies, represented in the
lower Ordovician of Ibero-Armorica,
the Welsh Borderland, eastern New-
foundland, central Moroccan Anti-
Atlas, Algerian Sahara, Tunisia, south-
east Turkey, Jordan, Iran, Irak, Saudi
Arabia, central Afghanistan and north-
western Argentina, Bolivia and Peru.
This suggests the position of the mar-
ginal areas around Gondwanaland,
though some of them are located at
slightly lower paleolatitudes. After the
deposition of the Armorican quartzite
over a large part of the mediterra-
nean area, the subsequent widespread
Llanvirn transgression produced in
these areas a flood of dark shales
with pendent didymograptids and
benthic elements of the Neseuretus
biofacies (3). A large part of these
latter elements had been previously
recorded in the Arenig of the British
Isles (Ectillacnus, Neseuretus, Merli-
nia, Placoparia, Ogyginus, Ortham-
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bonites, Monorthis, Praenucula, Glyp-
tarca), the Montagne Noire in southern
France (Neseuretus, Merlinia, Colpo-
coryphe, Pradoella, Bathycheilus, Ptery-
gometopus, Hungioides, Babinka, Coxi-
concha, Redonia, Ribeiria, Tolma-
chovia, Orthambonites), and the Mo-
roccan Anti-Atlas (Bathycheilus, Col-
pocoryphe, Pterygometopus, Priono-
cheiulus, Neseuretus), including through-
out the Llanvirn and Llandeilo times
a great number of new endemic ele-
ments, but some others showing sub-
sequently a broad interprovincial dis-
persal as happened with the trilobite
genera Nobiliasaphus, Placoparia (Co-
placoparia), Crozonaspis and Eccop--
tochile. The absence of Neseuretus in
some mediterranean areas, where the
Armorican quartzite was also not
deposited, may be explained in terms
of non-appropriated bioenvironments,
perhaps with highly pronounced shel-
ves, where the Cyclopygid biofacies
are preponderant. This is characteris-
tic of areas such as Bohemia, Ger-
many, Bulgaria, etc, but also of
external sites of the ibero-armorican
platforms, as the Ancenis syncline
(southern Armorican Massif), the sou-
thern Ossa Morena zone, and scatte-
red localities of north Africa. Subse-
quently, after the times of short-regres-
sions events that took place during
the Llandeilo, some of these deep-
water forms migrated to more inshore
habitats through the open shelf areas,
thus favouring the faunistic exchanges
between Ibero-Armorica and Bohe-
mia/Morocco as is shown by the
appearance of the genera Prionochei-
Ius, Zeliszkella, Nobiliasaphus, Archi-
nacella and Calix in the lowermost
Llandeilo, and Eoharpes, Dionide,
Parabarrandia and Placoparia higher,
in the Hupei Zone.

The faunal migrations along the
inner edge of the platforms were
favoured by specific patterns of ocea-
nic currents. One of these may
explain the arrival of South-American
brachiopods, like Aegiromena, Tissin-
tia and Eorhipidomella, to Europe
and north Africa during several Are-
nig, Llanvim and lower Llandeilo
episodes (7), whereas a clockwise

.inverse gyre (8) provided the presence

of elements of the Selenopeltis fauna
in Florida, Peru, Bolivia and north-
western Argentina. Graptolite associa-
tions of both pacific and atlantic affi-
nities may be found in these extreme
places. The dispersal of benthic ele-
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ments was slower, and progressed in
either one or the other sense through
sucessive epochs; for instance, species
ocurring in the south american Arenig
reached Europe in the Llanvirn and
Llandeilo, and vice versa.

A third important current which
can be recognized in the mediterra-
nean Ordovician may explain the bal-
tic influences evidenced in Ibero-
Armorica and the Sobova Formation
of Turkey during the Llanvirn and
Llandeilo transgressive/regressive cycles.
This migration is characterized by
the arrival of epipelagic faunas like
Gymnograptus linnarssoni, Glyptograp-
tus cernuus and GI. vikarbyensis, and
the ostracod genus Quadritia (Kruta-
tig) in the Llandeilo time, unknown
in the British Isles, but there were
also benthic elements which crossed
the mide european Ocean during the
Llandeilo regression taking advantage
of emerged or shallowed zonmes; for
example, the trilobite genus Panderia,
as well as the ostracod genera Vogde-
sella, Klimphores and Laterophores
(10).

Nevertheless, the best-developed pat-
tern of oceanic current is the one that

on a west-east orientation ap_along

the oriental edge of the Gondwanan
continent, starting from the British
Isles or Ibero-Armorica, where it had
a first north-south component, as in
the Armorican Massif. Such currents
allowed certain Arenig brachiopods
and trilobites of the Selenopeltis pro-
vince, such as Tarhungshania, Han-
chungolithus, Hungioides, Neseuretus,
pliomerids and Sinorthis, to reach the
south of China in the Llanvirn time
via Turkey, Saudi Arabia (where
Ningkianolithus is added), and Iran
and Afghanistan. Some of them, as
Neseuretus and Hungioides, extended
into central Himalaya and western
Australia at the same epoch, and
reached areas of northern Siberia
during the Llandeilo (Neseuretus, No-
biliasaphus and some Marrolithinae).
The epiplanktonic graptolite faunas of
these australasian areas also show a
mixture of «atlantic» and «pacific»
elements.

Additionally, the suggested course
of these oceanic currents may explain
the subsequent interprovincial faunal
dispersal of some platform conodonts
of south american, baltic or ibero-
armorican origin, as for instance
Amorphognathus, Eoplacognathus and
Pyeodus (1).

This article is a contribution to the

IUGS/UNESCO IGCP Projects 192 and
233.

References

1. Bergstrém, S. M. (1983): Fossils and
Strata, 15, 35-58.

2. Dean, W. T. (1985): Pp. 17-47 in
Gayer, R. A. (ed.): The Tectonic
evolution of the Caledonide-Appala-
chian Orogen. Friedr Vieweg &
Sohn, Braunschweig/Wiesbaden.

3. Fortey, R. A. (1984): Palaeont.
Contr. Univ. Oslo, 295, 37-50.

4. Fortey, R. A. (1985): Trans. R. Soc.
Edinburgh Earth Sci., 76, 219-230.

5. Fortey, R. A. & Morris, S. F.
(1982):: Bull. Br. Mus. nat. Hist.
(Geol.), 36, 63-75.

6. Hammann, W. et al. (1982): LU.GS.
Publ, 11, 1-47.

7. Havlicek, V. & Branisa, L. (1980):
Rozpr. Cesk. Acad. Ved, 90, 1-54.

8. Ross, R. J. Jr. (1975): Fossils and
Strata, 4, 307-329.

9. Skevington, D. (1978): Alcheringa,
2, 21-26.

10. Vannier, J. (1986): Palacontograp-
hica (A), 193, 145-218.

Recibido el 10 de febrero de 1987

doenode sl 1T fiprrr gl Ol

Discordancia intra-Alcudiense en
el anticlinal de Agudo (Ciudad Real-Badajoz)

A. P. Pieren Pidal, Instituto de Geologia Econémica CSIC-UCM. Facultad de Ciencias Geolgicas. 28040 Madrid.

A. Pineda Velasco, Geologo Consultor. Pintor Mird, 12. Méstoles. 28933 Madrid.
P. Herranz Araujo, Instituto de Geologia Econémica GSIC-UCM. Facultad Ciencias Geoldgicas. 28040 Madrid.

ABSTRACT

The Proterozoic unconfomity, also known more to the East, is described in the Agudo
Anticline at the base of the Upper Alcudian (Upper Vendian) and extended to the whole
anticlinory. This allows the extension of the Intra-Alcudian unconformity to the W.
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Introduccion

El anticlinal de Agudo constituye
la rama mads septentrional del anticli-
norio de Agudo-Valdemanco, estruc-
tura caledono-hercinica orientada casi
O-E, en cuyo nficleo afloran materia-
les protezoicos «alcudienses» bajo co-
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bertera fundamentalmente ordovicica,
y que encuadra en la «Subzona Luzo-
oriental-Alctidica» de Lotze (1961),
de la Zona Centro-Ibérica (fig. 1).
Estd flanqueado al N y SE por los
sinclinales paleozoicos de Herrera del
Duque y Almadén respectivamente.
Se abre hacia el O dando paso sin

solucién de continuidad al gran «Anti-
clinorio Centro-Extremefio», con dis-
tintas directrices tectonicas. En el sec-
tor oriental estd dividido el anticlino-
riopb de N a S, en Anticlinal de
Agudo, Sinclinal ordovicico de Rio-
frio y Anticlinal de Valdemanco

(fig. 2).





