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ABSTRACT — The stmtigmsz’c succession of the Barrancos region has been considered as a reference for understanding the Palaeozoic geol-
ogy of the Ossa Morena Zone. The succession consists of- Cambrian to Ordovician terrigenous sediments; a black shale/lidite interval of Silurian
age; a thin-bedded carbonate unit of Early Devonian age; and a poorly dated flysch interval. Palynological study reveals the presence of Lower
Devonian spores in three distinct lithostratigraphic units (“Xistos Raiados”, Russianas, and Terena Formations). Acritarchs and chitinozoans are
also present. The palynological data enable refinement of previous age determinations based on macrofossils and are fundamentsally important in
structural and palaeogeographic syntheses.

RIASSUNTO — [Palinomorfi del Devoniano Inferiore della regione Barrancos, Zona Ossa Morena, Portogallo] — La successione strati-
grafica della regione Barrancos & stata considerata come un riferimento f” comprendere le geologia del Paleozoico della Zona Ossa Morena. La
successione & composta da sedimenti terrigeni del Cambriano e dell’ Ordoviciano, seguiti da un intervallo a “black-shale” e liditi del Siluriano,
da un episodio a carbonati sottilmente stratificati del Devoniano Inferiore ed infine da un flysch di etk incerta. Recenti ricerche ’Palz'nologiche
hanno rivelato la presenza di spore del Devoniano inferiore, in tre distinte unita litostratigrafiche (Formazioni “Xistos Raiados’, Russianas e
Terena). Sono preesenti anche acritarchi e chitinozoi. Questi risultati aiutano a precisare meglio le precedenti datazioni basate su macrofossili

si sono rivelate di fondamentale importanza per le ricostruzioni strutturali e paleogeografiche.

INTRODUCTION

The stratigraphic succession of the Barrancos
region, Portugal, has traditionally been considered as
fundamental to understanding the Palacozoic geology
of the Ossa Morena Zone (OMZ), Iberian Meseta
(Text-fig. 1). The lithostratigraphic sequence of the
Barrancos area were first established by Delgado
(1908) and later modified by Perdigdo ez al. (1982)
and Oliveira ez 4/ (1991). These authors defined a
succession of Upper Cambrian to upper Ordovician
terrigenous sediments, a black shale/lidite interval of
Silurian age, a thin-bedded silty/shale carbonate unit
of Early Devonian age, and a poorly dated flysch
interval. The aim of the present work is to investigate
the palynological content of the “Xistos Raiados”,
Russianas, and Terena Formations in the upper part
of the sequence (Text-ﬁg. 2).

The “Xistos Raiados” Formation is characterized
by alternating dark shales and psammites with
interbedded fine quartzitic layers. This unit was tra-
ditionally dated as Wenlock-early Ludlow (Delgado,
1908; Perdigao ez al., 1982). More recently, however,
an age range of Late Silurian (Ludlow-Pridoli) to
Early Devonian has been favoured (Oliveira et al,
1991; Oliveira ez al., 1993; Pigarra et al., 1998a).

The Russianas Formation is composed of shales,
psammites, and calcareous siltstones. The calcareous
siltstones contain profuse crinoids and bryozoans of
questionable Lochkovian age. The shales contain

trilobites, brachiopods, and bivalves of Pragian-
Emsian age (Perdigio ez al., 1982).

The Terena Formation is a turbiditic sequence of
pelites and greywackes with some cong(}orneratic
intercalations. This unit was dated by Teixeira (1951)
as Early Devonian on the basis of plant remains.
More recently, it has been regarded as Late Devonian-
Early Carboniferous, and considered as closing a first
Variscan orogenic episode of Middle Devonian age
(Schermerhom, 1971; Perdigdo ez al., 1982; Ribeiro
et al., 1990). However, Pigarra’s (1998) identification
of graptolites of the Lochkovian Monogm{)tus hercy-
nicus graptolite Zone in the formation’s lowermost
levels confirmed the Early Devonian dating.

PALYNOLOGY

The 109 samples constituting the basis of this
study were collected from the main road cuts and
outcrops of the Barrancos region (Text-fig.1B).
Standard palynological laboratory procedures were
employed in the extraction and concentration of the
palynomorphs from the host sediments. The slides
were examined with transmitted light, per Olympus
BX40 microscope equipped with automatic 35 mm
camera facility. All samples, residues, and slides are
stored in the “Instituto Geolégico e Mineiro”, S.
Mamede Infesta, Portugal.

Ranges of selected taxa recovered are shown in
Text-fig. 3. Stratigraphically important and character-
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Text-fig. 1 - A = Locality map of Ossa Morena Zone (OMZ) and Barrancos region, Portugal. B = Geological sketch map of Barrancos
region, indicating main sectors (A-D) from which palynological samples were collected. Key to lithostratigraphic units: a)
Terena Fm. (Loc%lkovian-Emsian); b) Russianas Fm. (Pragian); c) “Xistos Raiados” Fm. (Pragian-Emsian); d) “Xistos com
Nédulos” Formation (Silurian); e) Colorada Formation (Ordovician); f) “Xistos com Phyllodocites’ Fm. (Ordovician); g)
Barrancos Fm. (Ordovician); h) Ossa Fm. (Ordovician); i) Fatuquedo Fm. (Middle-UpperCambrian); j) Palaeozoic (undif-
ferentiated).

istic taxa are illustrated in Plate 1. The Lower
Devonian spore biozones defined by Richardson &
McGregor (1986), complemented by the scheme
advanced by Streel ez al. (1987), is adopted herein.

The  Verrucosisporites  polygonalis-Dictyotriletes
emsiensis (PE) and  Emphanisporites annulatus—
Camarozonotriletes sextantii (AS) zones of Richardson
& McGregor (1986) were used owing to lack of the

EXPLANATION OF PLATE 1

Each specimen is referenced by collection number, sample number, slide number, and England Finder (EF) coordinates.

Fig. 1 - Ambitisporites sp. B of Moreau Benoit, 1976. IGM 9891; sample 56,1; slide 1, EF N16/4.

Fig. 2 - Retusotriletes warringtonii Richardson & Lister, 1969. IGM 9892; sample 32, 2; slide 3, EF P29/2.

Fig. 3 - Archacozonotriletes chulus (Cramer) Richardson & Lister, 1969. IGM 9893; sample 32, 2, slide 3, EF T34/0.
Fig. 4 - Empbanisporites protophanus Richardson & Ioannides, 1973. IGM 9894; sample 35,2; slide 2, EF F31/4.
Fig. 5 - Emphanisporites micrornatus Richardson & Lister, 1969. IGM 9895; sample 32,1; slide 1, EF H18/2.

Fig. 6 - Amicosporites streelii Steemans, 1989. IGM 9896; sample 35,2; slide 2, EF K13/4..

Fig. 7 - Brochotriletes sp. IGM 9897; sample 35,2; slide 2, EF U7/0.

Fig. 8 - Dictyotriletes emsiensis (Allen) McGregor, 1973. IGM 9898; sample 76,1; slide 1, EF N9/3.

Fig. 9 - Dictyotriletes subgranifer McGregor, 1973. IGM 9899; sample 32,2; slide 3, EF U46/0.

Fig.10 - Dictyotriletes gorgoneus Cramer, 1967. IGM 98100; sample 172,1; slide 4, EF H18/3.

Fig.11 - Emp/mm';porites annulatus McGregor, 1961. IGM 98101; sample 64,2; slide 3, EF 033/2.

Fig.12 - Dictyorriletes canadiensis McGregor, 1973. IGM 98102; sample 35,2; slide 3, EF F37/0.

Fig.13 - Brochotriletes foveolatus Naumova, 1953. IGM 98103; sample 70,1; slide 3, EF W10/2.

Fig.14 - ﬁpiculiretusispora brandtii Streel, 1964. IGM 98104; sampﬁe 172,1; slide 6, EF H43/0.

Fig.15 - Apiculatasporites microconus (Richardson) McGregor & Camfield, 1982. IGM 98105; sample 172,1; slide 6, EF B22/0.

All figures x400.
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Text-fig. 2 - Age of the “Xistos Raiados”, Russianas, and Terena Formations.

most important guide species of the Streel ez /.
(1987) zonation (Verrucosisporites  polygonalis-
Dibolisporites  wetteldorfensis, PoW “zone and
Brochotriletes bellatulus, AB zone). Correlation with
the Streel ez al. (1987) spore zonation is made when-
ever possible in order to facilitate precise dating of the
present assemblages.

In the southwestern Terena Syncline, samples from
the basal beds of the Terena Formation in the
Contenda section (Text-fig. 2, A) yielded probable
Lochkovian spore assem%lages containing Ambi-
tisporites avitus Hoffmeister, 1959, Archaeozonotriletes
chulus (Cramer) Richardson & Lister 1969, Brocho-
triletes sp., Emphanisporites micrornatus: Richardson &
Lister, 1969, and Retusotriletes warringtonii Richardson
& Lister, 1969. The spores are very pootly preserved,
and no spore zone was positively identified. These data
were correlated with those from graptolites assigned to

the Lochkovian Monograptus hercynicus graprolite
Zone (Pigarra, 1998).

Stratigraphically above, in a cut of the St° Aleixo-
Barrancos road section (km 95; Text-fig. 2, A), the
spores indicate a younger age, corresponding to the
upper part of the PE zone, %ased on the presence of
Dictyotriletes canadiensis McGregor, 1973 and D. sub-

anifer McGregor, 1973. D. subgranifer marks the
ﬁzse of Su zone of Streel ez al. (1987)

Higher in the Sto Aleixo-Barrancos road section
(km 96.5-97) are first occurrences of Emphanisporites
annulatus McGregor, 1961 and Dictyotriletes gor-
goneus Cramer, 1967, which mark the base of the
Emsian AS zone. In addition to the index species, E.
annulatus, characteristic taxa of this zone include
Apiculatasporites microconus (Richardson) McGregor
& Camlfield, 1982, Apiculiretusispora brandtii Streel,
1964, Dibolisporites echinaceus (Eisenack) Richard-
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Text-fig. 3 - Ranges of selected taxa in studied sequence of the Barrancos region, with spore-zonal and chronostratigraphic attributions.
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son, 1965, and Dibolisporites sp. Completing the
assemblage are common species of the preceding PE
zone. The upper part of the AS zone is identified by
the presence of Apiculiretusispora gaspiensis McGregor,
1973 and Grandispora sp. This lgow-diversity assem-
blage is dominated by Apiculatasporites spp. and
Apiculiretusispora spp.

In the northeast limb of the Terena Syncline,
pelites and fine greywackes sampled from the Terena
Formation along the St® Aleixo-Barrancos road sec-
tion (Text-fig.2, B) yielded well-preserved spores
assigned to the PE zone. The assemblage contains
Dictyotriletes emsiensis (Allen) McGregor, 1973,
Emphanisporites multicostatus Rodrigues, 1978, E.
neglectus Vigran, 1964, E. rotatus McGregor, 1961,
and Retusotriletes warringtonii. In the upper levels of
this section, the first occurrence of E. annulatus
marks the base of the AS zone, and is associated with
typical species of the preceding PE zone.

The “Xistos Raiaffz)s” Formation was sampled in
detail along the Ste Aleixo-Barrancos road (km 100-
104; Text-fig. 2, C). The pelites and siltites include
the following: Amicosporites streelii Steemans, 1989,
Apiculiretusispora  plicata (Allen) Streel, 1967,
Brochotriletes foveolatus Naumova, 1953, B. hudsonii
McGregor & Camlfield, 1976, Cymbosporites proteus
McGregor & Camfield, 1976, Dictyotriletes emsiensis,
Emphanisporites micrornatus, E. multicostatus, E. rota-
tus, and Punctatisporites sp. These are typical of the
PE zone. Associated with these species are the follow-
ing, all considered to be possibly reworked:
Emphanisporites  protophanus  Richardson &
loannides, 1973, E. neglectus, Retusotriletes abundo
Rodrigues, 1978, and R. warringtonii. The presence
of Dictyotriletes canadiensis and D. subgmm'ﬁs signals
the upper part of the PE zone, close to the
Pragian/Emsian boundary. This unit has yielded the
best-preserved spores.

Spores recovered from Russianas Formation in
the Russianas Syncline (Text-fig. 2, D) are attribut-
able to the PE zone (Pragian). Typical components
include: Apiculiretusispora plicata, Archaeozonotriletes
chulus, Brochotriletes sp., Cymbosporites proteus,
Dictyotriletes emsiensis, D. subgranifer, Emphanisporites
micrornatus, E. multicostatus, E. neglectus, E. rotatus,
Punctatisporites sp., Retusotriletes abundo, R. warring-
tonii, and Verrucosisporites fo{ygonalis? Lanninger,
1968. First appearance of the last-named species indi-
cates the base of the Po zone (Streel ez 2/, 1987).

Acritarchs, chitinozoans, and graptolite fragments
are very common in the studied units. Acritarch taxa
recorded include Diexallophasis remota (Deunff)
Playford, 1977, Micrhystridium stellatum Deflandre,
1945, Multiplicisphaeridium ramusculosum (Deunff)
Lister, 1970, Neoveryhachium carminae (Cramer)
Cramer, 1970, Onondagaella sp., Veryhachium sp.,
Eliastra barbata Downie, 1963, and Acanthodiacrodium
sp. Specimens of the last two cited species are inter-
preted as possibly reworked.

CONCLUSIONS

Palynostratigraphy constitutes an important tool
for precisely dating Silurian-Devonian sequences of
the Barrancos region that have not been adequately
dated by macrofossils.

The Russianas Formation is attributed to the
Pragian, based on spores. This confirms the previous
age assessment from invertebrate fossils (trilobites,
brachiopods, and bivalves: Pragian-Emsian). Spores
from the “Xistos Raiados” Formation signify an age
close to the Pragian/Emsian boundary. This provides
much greater precision than prior age determina-
tions; viz., Wenlock to early Ludlow (Delgado, 1908;
Perdigdo et al., 1982), Late Silurian (LudFow—Pridoli)
to Early Devonian (Oliveira ez al, 1991; Oliveira ez
al., 1993; Picarra et al., 1998a). However, given the

radational transition to the underlying Silurian
“Xistos com Nédulos” Formation, it must be conced-
ed that the “Xistos Raiados” Formation could extend
into the upper Lludlow. Spore from the Terena
Formation indicates a Lochkovian to Emsian age.

These results refine previous datings based on
macrofossils and are of particular importance for
structural and palacogeographic interpretations
(Oliveira ez al., 1991; Oliveira et al,, 1993; Picarra et
al., 1998a; Pereira et al., 1998; Pigarra et al., 1998b).
Moreover, the new age determinations suggest that
the three studied units interdigitate and are partially
coeval, no major unconformity having been detected
between the Terena Formation and the other units as
previously accepted. The assumption that the Terena
Formation completes a first Variscan orogenic
episode should be questioned.

ACKNOWLEDGEMENTS

The first author thanks the “Associagio para o
Desenvolvimento da Faculdade de Ciéncias da Universidade do
Porto” and Prof. Lemos de Sousa for funding her participation in
the CIMP 98 Meeting in Italy. Prof. Geoffrey Playford made lin-
guistic and other corrections to the text. This work is a contribu-
tion to the IGCP Project 421 (IUGS-UNESCO).

REFERENCES

DELGADO, ].EN., 1908, Systeme silurique du Portugal. Etude de
stratigraphie paléontologique: Mem. Serv. geol. Portugal, 72
(1-2)7129-135.

OLIVEIRA, ].T. OLIVEIRA, V. & PIGARRA, .M., 1991, Tragos gerais
da evolugio tectono-estratigrifica da Zona de Ossa Morena,
em Portugal: sintese critica do estado actual dos conheci-
mentos: Com. Serv. geol. Portugal, 77: 3-26.

— PICARRA, ]., CUNHA, T.A. & PEREIRA, Z., 1993, Graptolites
and palynomorphs from the Silurian to Lower Devonian
stratigraphic sequence of Barrancos region South Portugal:
Com. XII Reunido de Geol. do Oeste Peninsula, 2:105.

PERDIGAO, ]., OLIVEIRA, J.T., & RIBEIRO, A., 1982, Noticia
explicativa da folha 44-B (Barrancos): Serv. geol. Portugal:
60.

PEREIRA, Z., PICARRA, J.M. & OLIVEIRA, ].T., 1998, Palino-
morfos do Devénico Inferior de regido de Ossa Morena: V



LOWER DEVONIAN PALYNOMORPHS FROM BARRANCOS 245

Congresso Nacional de Geologia, Com. Inst. geol. min.
Portugal, 84 (1): A18-A21.

PIGARRA, J.M., 1998, First Devonian graptolites from Portugal.
In Gutiérrez-Marco, J.C. & Rébano, L., (eds.), Proceedings
6th International Graptolite Conference (GWG-IPA) and
1998 Field Meeting, IUGS Subcommission on Silurian
Stratigraphy: Temas Geolégico-Mineiros ITGE, 23: 242-
243.

—, GUTIERREZ-MARCO, ].C., LENZ, A.C: & ROBARDET, M.,
1998a, Pridoli graptolites from the Iberian Peninsula: a
review of previous data and new records: Canad. J. Earth
Sci., 35: 65-75.

—, PEREIRA, Z. & OLIVEIRA, ].T., 1998b, Novos dados sobre a
idade da sucessdo Sildrico-Devnsula: a review of previous
data and new records: WG-IPA) and 1998 Field Meeting,
IUGS: Com. Inst. geol. min. Portugal, 84 (1): A15-A17.

RIBEIRO, A., QUESADA, C. & DALLMEYER, R.D., 1990,
Geodynamic evolution of the Iberian Massif. /z Dallmeyer,
R.D. & Martinez Garcia, E. (eds.), Pre-Mesozoic geology of
Iberia: 399-409. Springer-Verlag.

RICHARDSON, ].B. & MCGREGOR, D.C., 1986, Silurian and
Devonian spore zones of the Old Red Sandstone Continent

and adjacent regions: Geol. Surv. Canada, Bull., 364: 1-79.
SCHERMERHORN, L.J.G., 1971, An outline stratigraphy of the
Iberian Pyrite Belt: Bol. Geol. Min., 82 (3-4): 239-268.

STREEL, M., HIGGS, K., LOBOZIAK, S., RIEGEL, W. & STEEMANS,
P, 1987, Spore stratigraphy and correlation with faunas and
floras in the type marine Devonian of the Ardenne-Rhenish
regions: Rev. Palaeobot. Palynol., 50: 211-229.

TEIXEIRA, C., 1951, Notas sobre a Geologia da regido de
Barrancos, e em especial sobre a sua flora de Psilo%n’neas.
Com. Serv. geol. Portugal, 32 (1): 75-84.

(manuscript received January 15, 1999
accepted March 20, 1999)

Zélia PEREIRA
José Manuel PICARRA
José Tomdas OLIVEIRA

Instituto Geolégico e Mineiro,
Departamento de Geologia, Rua da Amieira,
4465 S. Mamede Infesta. Portugal.



