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Abstract

This work presents a synthesis of the palynological research undertaken by the authors in the last fifteen
years, of the Devonian and Carboniferous successions of the main domains of the South Portuguese Zone
(SPZ): Pulo do Lobo, Iberian Pyrite Belt, Baixo Alentejo Flysch Group and the Southwest Portugal Domain.

The Pulo do Lobo Domain, an antiformal structure located in the northern part of the South Portuguese
Zone, comprehends in its core the Pulo do Lobo Formation, whose age remains unknown. The north limb of
the antiform is occupied by the Ferreira-Ficalho Group which includes from base to top the Ribeira de Limas
Fm, the Santa Iria and the Horta da Torre Fms. In the south limb of the antiformal structure is exposed the
Changa Group, which comprises from base to top, the Atalaia Fm, the Gafo Fm and the Represa Fm.

The ITberian Pyrite Belt (IPB) stratigraphic succession consists of two major units, the Phyllite Quartzite
Group (PQG) and the Volcano Sedimentary Complex (VSC). [berian Pyrite Belt selected successions, as for
the case of Chaparral, Albernda, Serra Branca, Azenhas sections (Guadiana River) and Sio Domingos mine
of the North Branch and Pomarao, Neves Corvo, Aljustrel and Caveira massive sulphide mines, Sio Fran-
cisco da Serra and Cercal Anticlines of the South Branch, are studied in great detail, and palynological new
results are presented.

The Baixo Alentejo Flysch Group (BAFG) comprehends, from bottom to the top the Mértola, Mira and
Brejeira Fms.

The Southwest Portugal Domain comprises the Tercenas Formation conformably overlaid by the Carra-
pateira Group that includes from base to top, the Bordalete, Murragiio and Quebradas Fms.

Twenty-three miospore biozones, ranging from lower Givetian to upper Moscovian, are recognised in the
SPZ and compared with the standard Western European Miospore Zonation. All the localities and boreholes
that allow erecting the miospore zonal scheme are presented, together with the description of the diagnos-
tic elements of each biozone.

The following main conclusions are obtained for the SPZ basin:

-Lower Givetian miospores assemblages were recovered from the PQG in the Caveira and Sdo Francisco da
Serra Anticlines.

-Lower Frasnian miospore assemblages were obtained from the PQG in Valverde del Camino Anticline, SW
Spain, and appear as reworked assemblages at the top of this same group. These Frasnian assemblages are
also comparable to those found in the Ribeira de Limas and Gafo Fms. of the Pulo do Lobo Antiform.

- Upper Famennian assemblages in SPZ have a consistent presence of the miospore species Ancyrospora
sp., Cristicavatispora dispersa, Rugospora explicata and Teichertospora iberica. These assemblages were re-



covered from the PQG and the VSC (IPB) and from the upper units of the Pulo do Lobo Antiform (Horta da
Torre, Santa Iria and Represa Fms.

- Analogous upper Strunian miospore assemblages were determined from the IPB: the upper part of the
PQG, in the VSC in Spain and also from the Tercenas Formation in Southwest Portugal (Bordeira and Alje-
zur Anticlines).

- Similarities in Upper Devonian miospore assemblages, strongly suggest that the Pulo do Lobo basin, the
IPB basin and Southwest Portugal shallow siliciclastic basin were part of the same palaeogeographic realm
during late Devonian times.

- Records of Tournaisian palynomorphs from the Bordalete Formation in Southwest Portugal and reworked
Tournaisian associations in the VSC of the IPB show the presence of the same taxa.

- The VSC yield miosperes of upper Famennian to mid/upper Viséan age. Mid/upper Viséan assemblages
appear to be very consistent along the SPZ as the same assemblages are recorded from the BAFG. Upper
Viséan to upper Moscovian miospore assemblages were determided from the turbidite of The BAFG.

The detail achieved now by the palynological investigations of the SPZ makes this technique to be the best
tool to date the lithostratigraphic units allowing, therefore, reliable stratigraphic correlations across the
basin and giving support to structural, palaeographic and geodynamic interpretations. Data obtained near
massive sulphides deposits are considered very useful for the exploration companies activity.

A complete taxonomic description of the miospore and acritarchs taxa encountered is provided, in which
134 miospore taxa and 41 acritarchs taxa are described and illustrated in 17 plates.

Palavras-Chawve: Devdnico, Carbdnico, Palinoestratigrafia, Zona Sul Portuguesa

Resumo

Este trabalho apresenta uma sintese das investigagoes palinolégicas realizadas pelos autores, nos tltimos
quinze anos, nas sucessoes do Devonico e Carbdnico presentes nos principais dominios da Zona Sul Por-
tuguesa (ZSP): Antiforma do Pulo do Lobo, Faixa Piritosa Ibérica, Grupo do Flysch do Baixo Alentejo e
Dominio Sudoeste de Portugal.

0O Dominio do Pulo do Lobo constitui uma estrutura antiformal localizada na parte norte da ZSP, sen-
do constituida: pela Formacio do Pulo do Lobo, aflorante no niicleo da antiforma, cuja idade permanece
desconhecida; no flanco norte da antiforma localiza-se o Grupo de Ferreira-Ficalho que inclui as seguintes
unidades da base para o topo: Formagéo Ribeira de Limas, Formagcéio Santa Iria e Formacéo Horta da Torre;
no flanco sul da estrutura antiformal situa-se o Grupo do Changa constituido pelas seguintes unidades, da
base para o topo, Formagio Atalaia, Formacio Gafo e Formaciio Represa.

A sucessdo estratigrafica da Faixa Piritosa Ibérica (FPI) inclui duas unidades principais, o Grupo Filito-
Quartzitico (GFQ) na base da sucessdo, e o Complexo Vulcano-Sedimentar (CVS) no topo. Sequéncias es-
tratigraficas da FPI, como as presentes em Chaparral, Albernéa, Serra Branca, Azenhas (Rio Guadiana),
mina de Sao Domingos, pertencentes ao Ramo Norte da FPI e as do Pomar&o e minas de Neves Corvo, Aljus-
trel e Caveira, pertencentes ao Ramo Sul, foram estudadas com grande detalhe, apresentando-se novos
resultados palinoldgicos.

O Grupo do Flysch do Baixo Alentejo (GFBA) € constituido pelas seguintes unidades, da base para o topo,
Formagio Mértola, Formagfo Mira e Formacdo Brejeira.



0 Dominio Sudoeste de Portugal compreende a Formacéo de Tercenas sobreposta em conformidade estrati-
grifica pelo Grupo da Carrapateira, que consiste, da base para o topo nas Formagdes Bordalete, Murracio
e Quebradas.

Vinte e trés biozonas de miosporos, repartidas no tempo entre o Givetiano inferior e o Moscoviano superior,
sédo reconhecidas na Zona Sul Portuguesa e comparadas com o esquema de Zonagio dos Miosporos da Eu-
ropa Ocidental. Todas as localidades e sondagens que permitiram estabelecer o esquema de biozonacio sio
apresentadas, em conjunto com a descrigao dos elementos diagndsticos de cada biozona.

As seguintes conclusées foram obtidas para a ZSP:

- As associagbes de miosporos mais antigas pertencentes ao Givetiano inferior, foram encontradas no GFQ
presente nos anticlinais da mina da Caveira e de So Francisco da Serra.

- Associagoes de miosporos do Frasniano inferior foram obtidas em litologias do GFQ na regido do anticlinal
de Valverde del Camino, no sector espanhol da FP1, ocorrendo, também, como associacdes de miosporos
remobilizados nas camadas de topo do mesmo Grupo. Estas associagoes do Frasniano sao compardveis as
encontradas nas formagoes Ribeira de Limas e Gafo pertencentes & Antiforma do Pulo do Lobo.

- As associagbes de miosporos do Fameniano superior da ZSP apresentam consistentemente as espécies An-
cyrospora sp., Cristicavatispora dispersa, Rugospora explicata and Teichertospora iberica. Estas associaghes
foram encontradas em litologias do GFQ e do CVS da FPI e nas unidades superiores da Antiforma do Pulo do
Lobo, nomeadamente nas formacdes Horta da Torre, Santa Iria e Represa.

- As mesmas associagoes de miosporos do Estruniano superior foram identificadas na FPL, nomeadamente:
na parte superior do GFQ, no CVS em Espanha e, também, na Formacéo de Tercenas do Dominio Sudoeste
de Portugal (Anticlinais de Aljezur e da Bordeira).

- Semelhangas nas associacoes de miosporos do Devdnico Superior da ZSP sugerem que a bacia do Pulo do
Lobo, a bacia da FPI e a bacia silicicldstica de dguas pouco profundas do Dominio Sudoeste de Portugal,
pertenciam ao mesmo dominio paleogeografico durante o Devénico Superior.

- Os palinomorfos do Tournaisiano na Formagao Bordalete do Dominio Sudoeste de Portugal e associacies
de miosporos remobilizadas da mesma idade encontradas no CVS da FPI mostram a presenca dos mesmaos
taxa. Associacoes de miosporos com idade compreendida entre o Viseano superior e o Moscoviano superior
foram identificados no GFBA.

- O CVS da FFI forneceu miosporos cujas idades estdo compreendidas entre o Fameniano superior e o Vi-
seano médio/superior. As associagbes do Viseano médio/superior sio muito consistentes para toda a ZSP,
tendo as mesmas associagdes sido identificadas no GFBA.

O detalhe obtido até ao presente momento pelas investigagoes palinoldgicas na Zona Sul Portuguesa, mos-
tra que estas sao a melhor ferramenta para datar as unidades litoestratigraficas permitindo correlacoes
estratigraficas precisas ao longo da bacia e suportando interpretagdes estruturais, paleogeograficas e geo-
dinimicas. A informacio obtida na proximidade de jazigos de sulfuretos macigos polimetdlicos tem sido
considerada pela generalidade das empresas como uma mais valia na prospeccio deste tipo de minérios.

No trabalho é dada a completa descrigdo taxonomica dos taxa de miosporos e acritarcas identificados, entre
as quais 134 taxa de miosporos e 41 taxa de acritarcas sao descritos e ilustrados em 17 estampas.



INTRODUCTION

The South Portuguese Zone (SPZ) is probably one of the most studied geodynamic domains of the Iberian
Variscides. A major reason for this is the existence of huge deposits of polymetallic massive sulfides in the
Iberian Pyrite Belt which have been exploited since roman times. Most of these deposits are exhausted,
however there is a great potential for new discoveries as proved by continuing exploration projects led by
international companies.

During several decades geological research was mainly concentrated on lithostratigraphy, biostratigraphy,
petrology and geochemistry, and structural geology complemented by the use of various geophysical tools.
More recently sedimentary geology, sediment geochemistry, physical volcanism, geochronology and bio-
stratigraphy deserved increasing interest and are now current fields of research. Among these fields of re-
search ammonoids palaeontelogy and palynostratigraphy have made major contributions towards a better

understanding of the SPZ geology.

Palynostratigraphy represents now the best tool to date the SPZ lithostratigraphic units, allowing reliable
stratigraphic correlations across the basin and giving support to structural, palaeogeographic and geody-

namic interpretations.

This Memory presents an overview of all the results achieved by the authors during the last few years in
palynostratigraphic research all over the SPZ Portuguese sector and in particular in the Iberian Pyrite Belt.
The work involved several researches and mapping projects carried out by the extinct "Instituto Geoldgico e
Mineiro” and the Geosciences Area of INETI. About 50 exploration boreholes, 65 outcrops and approximate-
ly 1500 samples have been studied. Part of the palynological work has already been published in scientific
papers and internal reports. The high-quality of the palynomorph assemblages obtained and the vast infor-
mation that was possible to acquire in terms of stratigraphy, mapping and exploration during this research
is now organized so that an overall palynostratigraphical synthesis of the SPZ can be made.

The Memory is organized in two parts: Part 1 comprises the geological framework of the SPZ, a historical
review of previous palynological studies, the methodologies used and the palynostratigraphic research car-
ried out by the authors in numerous drill cores and outcrops from the main geological domains of the SPZ.
Part 2 deals with the systematics of the miospores, acritarchs and prasinophytes.

This work would not have been possible without the support of the Department of Geology, Geosciences
Area of INETI, the “Fundacéo para a Ciéncia Tecnologia” through the project POCTL/CTA/14089/98/01
financed by Programmes PRAXIS XXI, FSE, FEDER, and POCI projects PYBE (POCI/CTE-GIN/56450/2004)
and PROVENANCE (POCI/CTE-GEX/60278,/2004) financed by the Programme POCI and FEDER, and also
the project GEOMMINCOR. financed by SOMINCOR (now LUNDIN MINING). Paulo Fernandes acknowled-
ges also the facilities given by the Environmental and Earth Sciences Department of the Algarve University.

The authors gratefully thanks the advice, fruitfull discussions and the revision of this work given by Geoffrey
Clayton from the Trinity College, Dublin, Ireland, Ken Higgs from the University College, Cork, Ireland and
Reed Wicander from the Central Michigan University, USA.



PART 1

PALYNOSTRATIGRAPHY OF THE SOUTH PORTUGUESE ZONE AND

TECTONO-STRATIGRAPHIC IMPLICATIONS

1. STRATIGRAPHIC SETTING

The South Portuguese Zone (SPZ) is one of the
major geological domains that form the Variscan
Iberian Massif (LOTZE, 1945, JULIVERT et al.,
1972, RIBEIRO, 2006) (Figure 1).

Devonian and Carboniferous rocks are extensively
developed and comprise a wide range of clastic,
volcanic, volcanoclastic and carbonate rocks. In-
timately associated with the volcanic rocks occur
world-class massive sulphide orebodies in the so-
called Iberian Pyrite Belt. At the boundary between
the SPZ and the Ossa Morena Zone (OMZ) out-
crops a belt of basic and ultrabasic igneous rocks
which show petrological, geochemical and inter-
nal cha-racteristics ascribed to an ophiolitic suite
known as the Beja-Acebuches Ophiolite (MUNHA
et al., 1986, FONSECA & RIBEIRO, 1993, QUESA-
DA et al,, 1994), In the last two decades several
studies have made important progresses on the
lithostratigraphy (SCHERMERHORN, 1971, OLI-
VEIRA et al., 1979, OLIVEIRA, 1983, 1990), bios-
tratigraphy (CUNHA & OLIVEIRA, 1989; PEREIRA,
1997; 1999, KORN, 1997), volcanology (ROSA, C.,
2006; ROSA, C. et al, 2004; 2005; 2008) and pa-
laeogeography (OLIVEIRA & QUESADA, 1998; OL-
IVEIRA et al., 2006; 2008) of the SPZ.

In this section the Devonian and Carboniferous
stratigraphy of the SPZ is briefly described. Four
geological domains are recognised from north
to south (OLIVEIRA, 1990): Pule do Lobo Anti-
form, Iberian Pyrite Belt (IPB), Baixo Alentejo
Flysch Group (BAFG) and the Southwest Portugal
(SWF).

1.1. Pulo do Lobo Domain

The Pulo do Lobo Domain is an antiformal strue-
ture located in the northern part of the SPZ. In the
core of this structure crops out the Pulo do Lobo
Formation, composed of highly deformed phyllites,
quartzites, and amphibolites (former basalts) with
MORB-type geochemical affinity at the basal part
of the succession (MUNHA, 1983; EDEN, 1991;

QUESADA et al., 1994). The thickness is unknown
as well as the age. The unit is affected by three
episodes of tectonic deformation with associated
folding and cleavages.

‘The north limb of the antiform is occupied by the
Ferreira-Ficalho Group (Figure 1) which includes
from base to top the following lithostratigraphic
units (CARVALHO et al., 1976; OLIVEIRA et al.,
1986; OLIVEIRA, 1990): the Ribeira de Limas For-
mation composed of phyllites, quartzwackes and
minor intercalations of fine volcaniclastic sedi-
ments, in apparent transition to the Pulo do Lobo
Formation; the Santa Iria Formation that consists of
greywackes, siltstones and shales, forming a flysch-
like succession; and the Horta da Torre Formation
comprising dark shales, impure sandstones, silts-
tones and quartzite beds showing bioturbation.
The group thickness is unknown, but estimated of
ca. 500 m. The Ribeira de Limas Fm provided paly-
nomorphs of lower Frasnian age and the Santa Iria
and Horta da Torre Fms of upper Famennian age.
The Santa Iria and Horta da Torre Fms are affected
by a main folding phase with associated cleavage
and the Ribeira de Limas and Pulo do Lobo Fms.
show three episodes of folding with cleavage. In
the south limb of the antiformal structure is ex-
posed the Changa Group, which comprises the fol-
lowing lithostratigraphic units from base to top
(PFEFFERKORN, 1968; SILVA, 1989; CUNHA &
OLIVEIRA, 1989; OLIVEIRA, 1990; SILVA et al.,
1990): the Atalaia Formation composed mostly of
phyllites and quartzites, sharing with the Pulo do
Lobo Formation the same type of tectonic deforma-
tion; the Gafo Formation consisting of greywackes,
siltstones and shales forming a thick flysch succes-
sion, intercalated and intruded by felsic and mafic
rocks; and the Represa Formation which is com-
posed of siliceous siltstones, shales, greywackes
and minor intercalations of fine volcanogenic sedi-
ments. The overall group thickness is estimated in
ca. 1100 m. The Gafo Fm yielded spores of lower
Frasnian age and the Represa Fm of upper Stru-
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nian age. The Gafo and Represa Fms. show two
main episodes of tectonic deformation;

The structure of the Pulo do Lobo Domain has
been interpreted as an anticline (SCHERMER-
HORN, 1971; CARVALHO et al., 1976); as a com-
plex antiform (OLIVEIRA et al., 2006; PEREIRA &
OLIVEIRA, 2006; PEREIRA et al., 2006a, b), as an
accretionary prism related to a northward dipping
subduction (SILVA et al., 1990; FONSECA et al.,
1993: QUESADA et al., 1994, SILVA, 1998) and as
a suspect terrain (RIBEIRO et al., 1990).

1.2. Iberian Pyrite Belt (IPB)

The Iberian Pyrite Belt stratigraphy (Figure 1)
consists of two major units, the Phyllite Quartzite
Group (PQG) and the Voleano Sedimentary Com-
plex (VSC). The PQG is dated as Upper Devonian
age by ammonoids, conodonts and palynomorphs
(BOOGAARD, 1967, FANTINET et al. 1976; CU-
NHA & OLIVEIRA, 1989; OLIVEIRA et al., 1997;
OLIVEIRA et al., 2004, PEREIRA et al., 2004).
It forms the IPB detritic basement and consists
mostly of phyllites, quartzites, quartzwackes and
shales with intercalations of limestone lenses and
nodules at the upper part of this unit, which as a
whole were laid down in a marine siliciclastic plat-
form. The thickness is in excess of 200m (base not
known). The VSC is dated as Upper Devonian to up-
per Viséan age principally based on palynomorphs
and rare conodonts (OLIVEIRA, 1990; OLIVEIRA
et al., 1997, OLIVEIRA et al., 2004; PEREIRA et
al., 2004). The VSC incorporates several episodes
of volcanism, with dominant rhyolites, dacites,
basalts and minor andesites, and intercalations
of black shales, siltstones, minor quatzwackes,
silicenus shales, jaspers and cherts and a purple
shale member at the upper part of the complex.
The thickness is variable, from few tens of meters
to more than 1000m. The VSC was laid down in a
submarine environment.

On a regional basis the IPB is divided into two
branches (OLIVEIRA, 1990): the North and the
South Branch (Figure 1). The North Branch ex-
tends from Palma (Alcdcer do Sal), below the Ceno-
zoic sediments of the Sado Basin (at the west), to
Sdo Domingos mine (at the east) (V. OLIVEIRA et
al. 1998a, b; MATOS et al., 1998, 2000, 2003).
This branch incorporates both autochthonous and
parautochtonous successions, where it is possible to

identify the VSC sequence and allochthon sections
composed of several tectonic sheets that include
PQG sediments and VSC volcanics and sediments.
The South Branch refers to the rooted anticlinal
structures and extends from the Pomardo Anticline
(west termination of the Puebla de Guzmén Anti-
cline in Spain) through the Neves Corvo-Rosdrio
Anticline to the Lousal and Sdo Francisco da Serra
region (Figure 1). The Cercal Anticline to the west
is also incorporated in this branch. Overlaying the
VSC are the turbidites of the Baixo Alentejo Flysch
Group (BAFG) whose details are given below.

1.3. Baixo Alentejo Flysch Group (BAFG)

The Baixo Alentejo Flysch Group (BAFG) consists
of mostly gravity flow sediments that form a con-
tinuous southward prograding turbiditic succes-
sion with over 5 km in thickness (Figure 1). Sedi-
mentological and palaeontological data allowed
its subdivision into three lithostratigraphic units,
which are from the bottom to the top: Mértola,
Mira and Brejeira Formations (OLIVEIRA et al.
1979; OLIVEIRA 1983; OLIVEIRA & WAGNER-
GENTIS 1983).

The Mértola Formation comprises greywacke beds
with variable thickness (few centimetres to more
than a meter) interbedded with shales, silstones,
conglomerates and rare mudflow deposits. The
greywacke beds show typical sedimentary struc-
tures of turbidites, namely Bouma sequence and
also beds showing amalgamation and fluidisation
structures (clastic dikes) and synsedimentary folds
(slumps). The petrography of the greywackes show
clasts of: volcanic rocks (felsic and mafic), volean-
ic quartz, chert, quartzites and phyllites with tec-
tonic cleavage. Conglomerate beds are more fre-
quent close to the contact with Iberian Pyrite Belts
rocks and are made up of cobbles and boulders of
lithologies which are common in the Iberian Pyrite
Belt, suggesting therefore that this domain acted
as a source area for the sediments, although also
provenance from the Ossa Morena Zone cannot
the totally discarded. The shaley intervals yielded
ammonnoid faunas and miospores that indicate
a upper Viséan age. The boundary between the
Meértola Fm and the younger Mira Formation is
represented by a belt with great lateral continui-
ty, composed of shales and siltstones with ca. 50
to 100 m in thickness. This predominantly shaley



interval yielded ammonoids which indicates the
uppermost Viséan.

The Mira Formation consists of greywackes inter-
bedded with shale beds and rare conglomerates.
Detailed sedimentological studies of this formation
are scarce, therefore our knowledge is still very in-
complete. However, preliminary studies showed
that the turbidites of the Mira Formation are in
general thinner bedded and with less sand-rich
sequences than the Mértola turbidites. Dispersed
ammonoid faunas indicate a Namurian age for this
unit.

The Brejeira Formation is the youngest unit of the
GFBA and as the previous units, it also shows a
turbiditic character. Overall, this formation is com-
posed of greywackes, quartzwackes and impure
quartzites interbedded with shales and is divided
into two distinet sedimentological belts: the basal
beds consist of impure quartzites and quartzwa-
ckes interbedded with shales forming a belt with
5 to 10 km wide; the other belt is located to the
southwest where it occupies a larger area and is
made up of immature greywackes interbedded
with shales. The clastic lithologies of this formation
are poorer in voleanic fragments than the pre-vi-
ous formations and richer in clasts of metamorphic
quartz. The decrease of volcanic fragments in the
greywackes suggests a source area with diffe-rent
geological characteristics from the source areas
of the Mértola and Mira formations. Palaeocur-
rents recorded from the Brejeira Formation show
a predominant NNW to SSE flow direction, but to-
wards the 5-SW the directions are more variable,
probably due to the fact that the turbidite flows
had to fill up the submarine topography build on
the carbonate platform represented by the Carra-
pateira Group (see next section). Ammonnoid and
palynomorphs indicate a Bashkirian to upper Mos-
covian age.

1.4. The Southwest Portugal Domain (SWP)

The Southwest Portugal Domain is represented
by the Aljezur and Bordeira Anticlines (Figure 1)
whose litostratigraphic succession comprise, from
base to top the Tercenas Formation conformable
overlaid by the carbonates and shales of the Car-
rapateira Group (OLIVEIRA et al., 1985; KORN,
1997; PEREIRA, Z., 1999).
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The Tercenas Formation is composed of sand-
stones interbedded with shales and siltstones beds
forming two coarsening and thickening upward
sequences. At the top of the formation a metric in-
tercalation of conglomerates and breccias occurs
and in places calcarenites rich in Fe and Mn. The
measured sections of this formation have a total
thickness of around 100 m, although the base of
it is not exposed. The sandstone beds are rich in
sedimentary structures, namely, large-scale cross-
bedding, herringbone cross-bedding, hummocky-
cross bedding, low angle cross-lamination, wave
ripples and syn-sedimentary folds. These structures
together with the vertical organisation of the sand-
stone sequences suggests deposition on a shallow
marine platform dominated by tidal processes and
frequently affected by storm events. Palynomorphs
and brachyopodes indicate a Upper Devonian age
for this unit.

Carrapateira Group

From base to top, three formations are recognised,
Bordalete, Murracdo and Quebradas (PRUVOST
1914; OLIVEIRA et al., 1985; KORN, 1997).

The Bordalete Formation contains essentially
black pyritic shales interbedded with thin-bedded
siltstones. Phosphatic and calcisiltone diagenetic
no-dules are a common feature of this formation
as well as large-scale trough and cross stratifica-
tion, at the upper part, interpreted as the results
of small gravitational slides that occurred at the
platform edge. The thickness of this formation is
ca. 200 m. The sedimentological features suggest
sedimentation on the distal parts of a marine si-
liciclastic platform under dysoxic to anoxic condi-
tions. Ammonoids are randomly distributed within
the Bordalete Formation and belong to only one
species, Becanites algarbiensis indicating the Tour-
naisian.

The Murragao Formation is sub-divided into two
members, the Pedra das Safias at the base and the
Vale Figueiras at the top. In its type locality, the
sea-cliff at Murracao beach, the Pedra das Safias
Mb. consists of thick-bedded dolomitic limestones
interbedded with thin bedded calcareous shales.
The limestone beds are rich is fossil fragments,
namely crinoids, corals and trilobites, The Vale
Figueiras Mb. is composed of black shales interbed-
ded with tabular and nodular beds of dolomitised



¥

[ [——

] o et

--n-mnmm-mm

Baisn Alessejo Flysch Graup

[ [
[ [
[ r—

W Partugal

Earian Pyrite Beit

Volcana Sechmatary Comple
Prgllite Quartote Group

Puin g0 Lot Aatiterm

Ferneia Ficalho Grissp

Fui 80 Lob Gceasic Seadiments
arad MERB basslts |*)

Aijrane and Bordewa bl iy

. ~\\ o

Explovation borehsles
Forclt, mowrre 2l
Thrsst:

Fig. 1 Geological sketch map of the SPZ (adap. Geological Map of Portugal 1/500 000, OLIVEIRA et al., 1992; OLIVEIRA et al. 2006).



limestones. This member is particularly rich in go-
niatite faunas, locally associated with levels with
abundant bentic faunas of trilobites, brachiopods,
echinoderms and rugose corals. The total thickness
of the Murragao Formation is 60 m. The lithologi-
cal and sedimentological features characteristics of
the Murracio Formation suggest deposition on a
subtidal carbonate platform, possibly with a ramp
morphology deepening towards the north as indi-
cated by the increase in the amount of mud rich
layers in the Aljezur Antiform.

The Quebradas Formation has its type section at
the Quebradas beach located approximately 500 m
south of the Murragio beach. The Quebradas For-
mation consists mostly of interbedded black car-
bonaceous shales and dark bioclastic limestones
about 70 m thick. Diagenetic phosphatic nodules
are common towards the top of this formation,
The unit may have been laid down in a restricted
marine environment of quiet waters with bottom
anoxic conditions. This unit is rich ammonoids of
Serpukovian and Bashkirian age.

2. PREVIOUS PALYNOSTRATIGRAPHIC STUDIES IN THE
SOUTH PORTUGUESE ZONE - HISTORICAL REVIEW

Palynological studies of the SPZ extend back to
1980s. Palynostratigraphy was for the first time
tested in several units of the SPZ as part of a map-
ping programme carried out by the Portuguese
Geological Survey (OLIVEIRA et al., 1986; CUNHA
& OLIVEIRA, 1989).

In 1986, T. CUNHA (OLIVEIRA et al., 1986) re-
corded for the first time a fairly well preserved
palynomorph assemblage of mid Famennian age
in the Horta da Torre Formation, the upper unit
of the Ferreira Ficalho Group, north limb of the
Pulo do Lobo Antiform. Three localities were sam-
pled near Corte Condessa, west of Guadiana River.
Miospore species identified include Aneurospora
greggsii, Ancyrospora langii, Diducites mucrona-
tus, D. poljessicus, D. plicabilis, Pustulatisporites
rugulatus, Retusotriletes planus, Samarisporites sp.
A and Samarisporites sp. cf. Acanthotriletes hirtus.
Acritarch species recovered include Ephelopalla cf.
gorkae, Unellidium piriforme and U. winslowae.

At that time palynostratigraphic work was also un-
dertaken in the Spanish sector of the Pulo do Lobo
Antiform. GIESE et al. (1988) working further east
in the Almonaster la Real region, northern limb of

the Pulo do Lobo Domain, in Spain, have subse-
quently determined a upper Famennian to Tour-
naisian age for a sequence of greywackes possible
correlatives of Santa Iria Formation. In this work,
the Horta da Torre Formation was considered to
stratigraphically underlie the Santa Iria Formation.
Due to the high thermal maturity of the assembla-
ges, reflected light microscopy was used, allowing
the identification of the miospore species, Grandis-
pora gracilis, Vallatisporites pusillites, Retusotriletes
incohatus and Retispora lepidophyta.

In 1989, CUNHA & OLIVEIRA studied the palynos-
tratigraphy of the Mina de Sio Domingos region e.
¢. Represa Formation and other units of the Iberian
Pyrite Belt. The Represa Formation, north of Ta-
pada Grande, provided three productive samples
indicating an lower upper Famennian age. The
poorly preserved miospore assemblage contains
Aneurospora greggsii, Auroraspora asperella, A.
solisorta, Pustulatisporites rugulatus, Retusotriletes
incohatus, R. planus and Rugospora flexuosa. The
Phyllite Quartzite Formation was dated as upper-
most Famennian based on the occurrence of Retis-
pora lepidophyta, Rugospora flexuosa, Densisporites
spitsbergensis and acritarchs.

In an unpublished PhD thesis, LAKE (1991) stu-
died the palynology of the Pulo do Lobo Domain
succession in Spain. The Aroche road section, in
the north limb of the antiform, yielded a palynoflo-
ra comprising Aneurospora greggsii, Cristatisporites
inusitatus, C. triangulatus, Diducites mucronatus,
Geminospora lemurata and Retusotriletes rugula-
tus, indicating a Givetian to lower Famennian age.
The studied section was compared and correlated
with the lithostratigraphic sequence of the Santa
Iria Formation in Portugal. In the south limb of
the antiform, LAKE studied three samples from the
Chanca section, located 8 km southwest of Paymo-
go. The miospore assemblage recovered indicated
a upper Givetian to lower Famennian age, based
on the presence of Aneurospora greggsii, Cristatis-
porites inusitatus, Geminospora lemurata and Ru-
gospora flexuosa. The suited section was correlated
with the Gafo Formation in Portugal.

In the following years more focussed projects on
the biostratigraphy were developed. The detail
study of the Bordeira and Aljezur anticlines in
SWP allow the identification of eighteen miospore
biozones (PEREIRA et al., 1994; PEREIRA & OLI-
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VEIRA, 1995; PEREIRA, 1997; 1999). These suc-
cessions were specific selected on the basis of a
documented biostratigraphic control based on amo-
noids, trilobites, bivalves and crinoids (OLIVEIRA
et al., 1985). This knowledge allow to establish the
accuracy of the ages obtained by miospores and
ammonoids in addition to an excellent correlation
with Western Europe biozonal schemes (KORN,
1997; PEREIRA, 1999).

The palynostratigraphic research extended to the
entire Iberian Pyrite Belt, starting with the Neves
Corvo mine region where it has allowed the dating
of all the local lithostratigraphic units, including
the black shales that host the orbodies, and a new
tectono-stratigraphic interpretation of the mine
succession (BARRIGA et al., 1997; OLIVEIRA et al.,
2004; PEREIRA et al., 2004). The first palynologi-
cal research in Spain was undertaken in the Alznal-
collar mine (PEREIRA et al., 1996) followed later
by work in the Tharsis mining district (GONZALEZ
et al., 2002), other areas of the Spanish Iberian
Pyrite Belt (GONZALEZ, 2005; GONZALEZ et al.,
2005 a,b) and Rio Tinto mine (PEREIRA & CLA-
V1JO, 2007).

More recently, research carried out in the con-
text of the projects “VARISCA-Dindmica das Ba-
cias Sedimentares e Paleogeografia do Terreno
Ibérico durante a Inversio Tectdnica Varisca” and
“PYBE-Contributos para um melhor conheci-
mento da evolugio da Faixa Piritosa” financed by
the Fundagdo para a Ciéncia e Tecnologia (FCT),
allowed a re-interpretation of the stratigraphic
successions near the massive sulphide deposits
(e.g. Lagoa Salgada and Salgadinho unexploited
deposits, Caveira, Lousal, Montinho, Changa, and
Sao Domingos abandoned mines and Aljustrel and
Neves Corvo active mines) or related with impor-
tant geophysical gravimetric anomalies. These
projects permitted to investigate the Volcano Sedi-
mentary Complex (VSC) and its relationship with
the underlying and overlying units, allowing the
establishment of consistent stratigraphic correla-
tions across the basin and a better understanding
of the voleanism, tectonism, thermal history and
massive sulphide mineralization, opening so new
perspectives for mineral exploration (OLIVEIRA et
al., 2006; 2008; MATOS et al., 2006; PEREIRA et
al., 2007; 2008).

3. METHODS

3.1. Samples Preparation

The studied samples were collected in outcrop sec-
tions, boreholes and occasionally spot samples. In
the IPB, where a large number of boreholes are
available, drilled by mining and exploration com-
panies (e.g. Billiton, RTZ, Somincor, Lunding,
Eurozine, NorthonLion) and by the Portuguese
Geological Survey (Gosciences Area of INETI).
The majority of the boreholes studied are stored
in the INETI borehole warehouses at Alfragide and
Aparis.

Samples were preferably collected from drill cores
and in a few cases from the mine addicts and open
pits (e.g. the case of Neves Corvo, Aljustrel and Sao
Domingos mines). In the SWP Domain samples
were mainly recovered along costal sections and
road cuts of the area. Sampling program was per-
formed locally in detail, using geological mining
mapping at 1/2500 scale and borehole logging at
1/200 scale (e.g. MATOS et al., 2006).

Biostratigraphic research is based on palynomorphs
and standard palynological laboratory procedures
were employed in the extraction and concentra-
tion of the palynomorphs from the host sediments
(WOOD et al., 1996). Laboratory preparation
techniques involve the use of hydrochloric and hy-
drofluoridric acids to remove the carbonates and
silicates content of the clastic sediments. Oxida-
tion of the palynomorphs was carried out using
Shultze Solution prepared with fuming nitric acid
and potassium clorate. The resultant residues were
mounted as strew slides, under cover slips, using
the resin entellan.

The oxidation time varied according to the de-
gree of carbonisation of the palynomorph exines.
In general samples from the Pulo do Lobo Anti-
form, Pyrite Belt and SWP Domain require one and
half to two and half hours of axidation, whereas
samples from the BAFG necessitate at least four to
eight hours of oxidation time. Samples from the
PQG and Tercenas Formation showed major oxida-
tion difficulties caused by the oxidation time which
varied from sample to sample and the difficulty to
maintain the oxidised state of the palynomorphs.
During the drying of the slides, after mounting
with standard techniques, the oxidized exine of
the miospores reverted to black and became uni-



dentified. This problem was overcome by studding
each sample in water complemented by measur-
ing its ideal oxidation time. Using these technics
it has been possible to stabilize the exines of the
miospores for one or two days. The slides were
examined with transmitted light, per BX40 Olym-
pus microscope equipped with an Olympus C5050
digital camera facility, All samples, residues and
slides are stored in the Department of Geology,
INETI-Geosciences Area.

3.2. Miospore Zonation Scheme

In the history of miospore zonation, a significant
part of the development of the palynostratigraphy
comes up from the Carboniferous of the British Is-
lands, The pioneering work of KNOX (1948), BUT-
TERWORTH & WILLIAMS (1958) and SMITH &
BUTTERWORTH (1967) documented in detail the
composition and succession of miospore assem-
blages found in strata of upper Viséan to Kasimo-
vian (Stephanian) age. Although limited to the
coal seam assemblages, these studies integrate
complete range data with quantitative data, and
proposed the first scheme with nominate zonal
taxa.

It was not until the detail work of NEVES (1972
a,b) NEVES et al. (1973) and NEVES & IOANNIDES
(1974) that the first formal scheme of miospore
zones were published, for the Dinantian of British
Isles, based on sections of SW Brittain, Scotland
and Northern England. The definition of the zones
were constantly based on the first appea-rance of
distinctive associations of miospore taxa. In gene-
ral two taxa were selected as the index or key taxa,
naming the zones. During the same time parallel
biozonation schemes were proposed in France,
Germany and Spain (ALPERN et al., 1970; GREBE,
1972; LOBOZIAK, 1974; OWENS et al., 1977).

In an attempt to present a unified proposal for the
entire Carboniferous of Western Europe, CLAYTON
et al., 1977, established a new scheme of twenty
four zones, covering from the uppermost Devoni-
an to the lowermost Permian. This work reported
the result of a study made by the members of the
Commission International de Microflore du Paleo-
zoique (CIMP) - Working Group on Carboniferous
Stratigraphical Palynology- and all data available
was combined in order to formulate an integrated
zonal scheme.

Since the 1977 paper detailed investigations in nu-
merous specific regions have gradually modified
and improved the zonation scheme, for the Upper
Famennian and to the Carboniferous (CLAYTON,
1974; CLAYTON et al., 1978; CLAYTON & HIGGS,
1979; VAN DER ZWAN, 1980; KEEGAN, 1981;
HIGGS, 1984; CLAYTON, 1985; HIGGS et al,
1988; CLAYTON, 1996; OWENS, 1996; OWENS
et al., 2004; OWENS et al., 2005). This scheme is
today in current usage in Europe. STREEL, et al.,
1987 published a miospore zonation for the ma-
rine Devonian in the Ardenne-Rhenish region. In
this paper the zonation is discussed and compared
with international assemblage zones established
by RICHARDSON & MCGREGOR (1986) for the
0Old Red Sanstones continent. Since that paper, ex-
haustive palynological work allows the refinement
of the Devonian zonation scheme (PAPROTH et al.,
1983; STREEL, et al., 1988; HIGGS et al., 1988;
LOBOZIAK & STREEL, 1989; HIGGS & STREEL,
1993; STREEL & LOBOZIAK, 1996; HIGGS et al.,
2000; MAZIANE et al., 1999).

The use of a single taxa miospore zonation scheme
for Western Europe is currently under discussion
in CIMP meetings (CLAYTON et al., 2003).

The miospore biozonal scheme used in this paper
follows the standard Western Europe Miospore
Zonation as explained (after: CLAYTON et al.,
1977; CLAYTON 1996; CLAYTON et al., 2003;
HIGGS et al., 1988; HIGGS et al., 2000; MAZIANE
et al., 2002; OWENS, 1996; OWENS et al., 2004;
STREEL et al.,, 1987; STREEL, 1996). The pres-
ence of very consistent local miospore assemblages
in the la-test Devonian and Carboniferous of the
South Portuguese Zone led to the introduction of
a small modification in this scheme. The defined
zonal taxa used are presented in Figure 2 and
stratigraphically important and typical taxa are il-
lustrated in Plates 1-17.
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4. PALYNOSTRATIGRAPHIC FRAMEWORK OF THE SOUTH
PORTUGUESE ZONE

This section deals with the stratigraphic palyno-
logy of all sections, boreholes and spot samples
stu- died by the authors. Description of the new
palynological data is presented here. In case of
previously published data only a brief review is
presented.

4.1. Pulo do Lobo Antiform

The Pulo do Lobo Antiform units were recently in-
vestigated for palynostratigraphy. In this study, 93
rock samples were collected from all the com-
posing units exposed in roads cuts and along the
Guadiana river valley (PEREIRA et al., 2006, Fi-
gure 3).

Pulo do Lobo and Atalaia Formations

The Pulo do Lobo Formation is very well exposed
along the Guadiana River and in road cuts from
Corte Gafo to Amendoeira and from Corte Pinto to
Serpa (See Figure 3). The black phyllites sampled
contain no organic matter.

The Atalaia Formation was sampled near its bou-
dary with the Pulo do Lobo Formation, in road cuts
north of Corte Gafo de Cima and in a road sec-
tion between Corte Pinto and Serpa, near Santa
Luzia. This unit is characterised by alternating lay-
ers of highly deformed phyllites and quartzites.
The black phyllite samples provided residual but
highly mature organic matter (%Rr c. 11) in the
greenschist facies of metamorphism (PEREIRA et
al., 2006 a,b). No palynomorphs were identified.

The high grade of metamorphism that affected
these units preclude any age determination, how-
ever the sequence is older than lower Frasnian (see
conclusions below).

Ribeira de Limas and Gafo Formations

The Ribeira de Limas Formation was sampled in
a road cut section, located about 100m north of
the Ribeira de Limas bridge, 2 km SE of Santa
Iria village(Figure 3). This section constitutes the
unit type section and is composed of highly de-
formed dark shales and phyllites, interbedded in
quartzwackes. The dark shales provided 5 produc-
tive samples. The assemblages are composed of
moderately preserved miospores assigned to the
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upper part of the BM Biozone of lower Frasnian
age. The Gafo Formation was sampled in several
localities: from roadcuts along Mértola to Corte
Gafo de Cima, in the region north of Corte Sines
(cemetery section) and along the Changa River
valley near the Volta Falsa old mine and in the
borehole CHO801 (Figure 3). Dark shales from the
studied sections and the borehole provided several
productive samples which yielded moderately pre-
served miospores assigned to the upper part of the
BM Biozone of lower Frasnian age.

The miospore assemblage recovered in these units
includes moderately preserved specimens of Aneu-
rospora greggsii, Chelinospora concinna, Cristatis-
porites triangulatus, Cristatisporites sp. cf. C. inusi-
tatus, Cymbaosporites sp., Emphanisporites rotatus,
Geminospora lemurata, Lophozonotriletes sp., Ver-
rucosisporites bulliferus, V. premnus and V. scurrus
(Figure 4). All samples contain rare acritarchs and
prasinophytes,

Santa Iria, Horta da Torre and Represa Formations

The Horta da Torre Formation was sampled in
several road cuts, near Santa Iria village and in
the Moinho da Ordem section (Guadiana River)
(Figure 3). Black shales interbedded in centimet-
ric thick quartzite beds provided several produc-
tive samples, with well preserved assemblages of
miospores assigned to the basal VH Biozone of up-
per Famennian age.

The Santa Iria Formation was sampled in several
sections: Moinho da Vargem (Changa River, east
of Ficalho village) road cut near Santa Iria village
and in Moinho da Misericordia (Guadiana River)
(Figure 3). In these sections the unit is composed
of dark laminated shales interbedded with thin-
bedded greywackes. The dark shales revealed well
preserved miospore assemblages assigned to the
VH Biozone of upper Famennian age.

The Represa Formation was sampled along Ribeira
de Vale Travessos section (west of Tapada Grande,
Sao Domingos), where dark shales, siltstones and
quartzwackes are the dominant lithologies, with
rare intercalations of green and purple shales.

The dark shale samples showed a rather poor
miospore content, however CUNHA & OLIVEIRA,
1989, have identified in this area miospores of
lower upper Famennian age.
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Complementary sampling was done in the MP 3
borehole, located on the west margin of Tapada
Grande, Siio Domingos (Figure 3). This borehole
cuts, amongst other units, 80 of meters the Repre-
sa Formation in the upper part of the borehole and
the boundary with felsic rocks of the Volcano Sed-
imentary Complex is at 88,4 m depth (see point
4.2, North Branch iv.). Black shales interbbedded
in quartzwackes yielded well preserved miospores
assigned to the basal VH Biozone of upper Famen-
nian age.

‘The palynomorphs content of these units yielded
well-preserved assemblages of miospores that in-
clude abundant Grandispora echinata which in-
dicates the base of VH biozone, together with
Ancyrospora sp., Ancyrospora? andevalensis, Api-
culiretusispora sp., A. cf. verrucosa, Auroraspora
macra, Cristicavatispora dispersa, Diducites versa-
bilis, D. poljessicus, Emphanisporites annulatus,
Grandispora cornuta, G. famenensis, G. gracilis,
Plicatispora sp., Punctatisporites spp., Retusotriletes
planus, R. triangulatus, R. rugulatus, Rugospora ex-
plicata, R. flexuosa and Teichertospora iberica (Fi-

193 samaple studies|

PULO DO LOBO ANTICLINE

Farraira Ficalho Group

Gafo Group

FE Horta da Taere /St Ivia Farmations Represa Formation
HIEL5L] 4y 2ve Famennian age) [Late Famennan age}

Ribseira de Limas Formation

“RLY. (Early Frasrian age}

Gafo Formation
(Earhy Frasnian age]

m Fulo do Loba/ Aalaia Formations

PYRITE BELT

Mértola Formation
(Visdan age]

Volcang-sedimentary Complex

{Late Famennian-Viséan age]

Phillito-Quarnzitic Fonmatian
[Early Frasnian-Strunnian age)

giEe

Fig. 3 The Pulo do Lobo Geology with indication of studied localities.
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gure 4). All samples contain very rich assemblages
of acritarchs and prasinophytes.

The assemblages are assigned to the VH Biozone of
upper Famennian age (PEREIRA et al., 2006 a,b).

In conclusion the lower Frasnian and upper Fam-
mennian ages of the Ribeira de Limas/Gafo and
Santa Iria/Horta da Torre/Represa Fms., respec-
tively, indicate that they are separated by a hiatus
of c. 14 My. This fact reinforces previous structural
interpretations that suggested the existence of an

unconformity between the Santa Iria/Horta da
Torre Fms. and the underlying Ribeira de Limas
Formation (PEREIRA et al., 2006 a,b).

The age and stratigraphic correlations of these
units on the opposite limbs of this antiform sug-
gests that they were part of the same sedimentary
basin that appears to have been superimposed over
an old acretionary prism, now represented by the
Pulo do Lobo/Atalaia Formation (PEREIRA et al.,
2006a,b).

ATLANTIC
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Terian Pyrite Bett

[.'w 1 Volcana Sedimentary Campiex

Fa ] Pryllite Quartzne Group
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Fig. 5 The Iberian Pyrite Belt {and studied localities and boreholes).

Baixo Alentefo Flysch Group Sado Basin
.
-_i" bnabi . Volcane Sedimentary Complex lineaments
O Exploration boreholes

Elmma Formation ,//, Faudt, normal fault
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4.2. Iberian Pyrite Belt
North Branch

The studied sections were: the Chaparral (base-
ment of the Cenozoic Sado Basin, northeast of
Gréndola), Albernba, Serra Branca and Sao Do-
mingos mine sectors (Figure 5). The palynomorph
assemblages were recovered mostly from drill
cores, complemented with outcrop samples.

i. Chaparral region

The Chaparral sector is part of the Vale de Agua
- Chaparral NW-SE trending lineament located at
the Cenozoic Sado Basin (OLIVEIRA et al., 2001; Fi-
gure 5). The Palaeozoic basement occurs at depths
between 50 and 43 m and is represented respec-
tively by basic volcanics of the VSC with magne-
tite at Vale de Agua (Rio Tinto, borehole GA 14)
and by thick PQG quartzites and VSC sediments at
Chaparral (IGM, CH1 borehole). The latter loca-
lity has been selected for the palynostratigraphic
study. It is made up of a 400 m thick monotonous
sequence of quartzite beds with intercalations of
black shales and siltstones, locally with dissemi-
nated pyrite, interpreted as lateral equivalents of
the PQG. The black shales revealed the presence
of moderately preserved miospores assigned to the
LN Biozone of upper Strunian age (Figure 6).

This Biozone assemblage contain abundant speci-
mens of Auroraspora macra, Cristatisporites trian-
gulatus, Densosporites spitsbergensis, Densosporites
sp., Epigruspora regularis, Emphanisporites rotatus,
Geminospora spongiata, Grandispora cornuta, G.
echinata, Knoxisporites literatus, Knoxisporites sp.,
Indotrirradites explanatus, Leiotriletes struniensis,
Retispora lepidophyta, Retusotriletes incohatus, Ru-
gospora flexuosa, Tumulispora rarituberculata, Val-
latisporites pusillites and Vallatisporites verrucosus
together with the index species Verrucosisporites
niditus. Acritarchs and prasinophytes are very
common.

The PQG sequence passes downward to dark
grey, silicious shales with minor fine volcaniclas-
tic intercalations related to the VS Complex. The
boundary between the two sequences is marked by
a probable thrust fault. The shales provided seve-
ral productive samples which yielded moderately
preserved miospores of the VH Biozone of upper
Famennian age (Figure 6). The assemblages in-
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cludes abundant presence of Grandispora echinata
together with Ancyrospora sp., Auroraspora macra,
Cristatisporites triangulatus, Cristicavatispora sp.,
Grandispora cornuta, Emphanisporites annulatus,
Geminospora lemurata, Retusotriletes planus, R.
triangulatus, Raistrickia sp. and Rugospora flexuo-
sa. Acritarchs and prasinophytes are well repre-
sented in the assemblages.

The Vale de Agua - Chaparral lineament ends
south-eastward against the Pulo de Lobo Anti-
form/IPB N-§ boundary, here possibly underlined
by a fault.

ii. Albernda and Serra Branca regions

The Albernéa Antiform comprises mainly felsic
volcanic rocks (rhyodacites) in its core which are
overlain by siliceous and purple shales (ROSA D.
et al., 2004; OLIVEIRA et al., 2005). Phyllites and
quartzites ascribed to the PQG. lay geometrically
above this sequence. Boreholes AB1 and 11-1 (Fi-
gure 7), put in evidence a lithological succession
composed of black shales with carbonate nodules
(Xc) overlain by felsic volcanic rocks (Va).

Unit Xc¢, which is conditionally correlated with the
upper part of the PQG, yielded a miospore assem-
blage indicating an upper Famennian age, VCo
Biozone as suggested by the zonal species Grandis-
pora cornuta and Auroraspora sp., Diducites spp.,
Emphanisporites rotatus, Geminospora lemurata,
Punctatisporites sp., Retusotriletes planus, R. rugu-
latus and Rugospora flexuosa (Figure 8).

The lithological succession intersected in borehole
TR1 (Figure 9, 10) corresponds to the overturned
limb of the antiform. The up side down sequence
consists of felsic rocks (rhyodacites) (Va) overlain
by: purple shales (bv1); black shales (Xn1); shales,
siltstones and fine volcaniclastic sediments (VS1);
purple shales (bv2); - shales, quartzwackes and
minor tuffites (VS2).

Unit Xn1 provided miospores of upper Famenni-
an VH Biozone. The assemblage is defined by the
presence of the key specie Grandispora echinata
and includes the taxa Auroraspora sp., Diducites
poljessicus, D. versabilis, Emphanisporites rotatus,
Geminospora lemurata, Grandispora cornuta, Punc-
tatisporites sp., Retusotriletes phillipsii, R. planus,
R. triangulatus and Rugospora flexuosa. All contain
abundant acritarchs and prasinophytes.
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Thin-bedded siltstones and shales below the pur- sus, Knoxisporites cf. triradiatus, Vallatisporites pu-
ple shale horizon (unit VS1) contain miospores sillites, V. hystricosus, V. galearis, V. verrucosus.
of lower Viséan age, Pu Biozone, as indicated by

the zonal species Lycospora pusilla in association About 40m above the second purple shale interca-

with Auroraspora macra, Convolutispora sp., Den- lation (bv2) shales of the VS2 unit gave poorly pre-
sosporites sp., D. spitsbergensis, D. rarispinosum, served miospores of mid upper Viséan, NL Biozone
Dictyotriletes castaneaeformis, Endosporites tubero- (locally defined miospore Biozone, see discussion

D Cenozoic Cover

Mértola Fm. (mid Late Viséan):
Flysch turbidites

lga sc: ) Felsic rocks; b} Mafic rocks (Late Fam. );
" ¢} Silicecusspurple shales (Viséan)
Represa Fm (Late Famennian):
Quartzwackes and shales

D PQ Group: Phyllites+Quartzites (Dev.) A
N

Ekm
D —

Fig.7 Albernda geology with indication of studied boreholes (Adapt. OLIVEIRA et al., 2005).
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in point 4.4), indicated the following assemblage:
the local zonal specie Raistrickia nigra and abun-
dant taxa such as Ahrensosporites sp., Anaplan-
isporites sp., Crassispora trychera, Densosporites
sp., D. rarispinosum, D. intermedius, Knoxisporites
triradiatus, Leiotriletes tumidus, Lycospora pusilla,
Microreticulatisporites sp., Vallatisporites vallatus
and Waltzispora sp.

U/Pb geochronological datings in zircons of felsic
voleanics collected in the Cobres River and in a
outcrop along the IP4 road, indicate respectively
355.4+2.9 and 357.2+2.0 My, i.e. lower Tour-
naisian (ROSA et al., 2009). Palynostratigraphic
data suggest that the felsic volcanics age is upper
Famennian, thus older than the geochronological
ages.

The VSC of the Serra Branca Antiform is composed
of andesites overlain by several felsic volcanic
episodes followed by shales and a purple shale
horizon at the top of the volcanic sequence (OLI-
VEIRA et al., 2005; ROSA, C., 2006 ; ROSA D. et.
al., 2006). This sequence is overlain by the Freixial
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Formation turbidites, with a thickness of 200m in
the type section, which is well exposed in a road
track on the western margin of the Guadiana River
(Figure 9).

Borehole SB 8 (Figure 9, 10) intersected the fol-
lowing units from top to bottom: Freixial Forma-
tion turbidites (Fr); a purple shale horizon, about
20m thick (bv); a pile of felsic volcanic rocks (Val)
with intercalations of dark shales; fine volcaniclas-
tic sediments and intermediate rocks at the lower
part (V53); felsic volcanics (Va2); black shales,
siltstones and siliceous shales (VS4).

The Freixial Formation, in the type section, vielded
miospores of the mid upper Viséan age, NM Bio-
zone, The assemblage recovered is similar to that
described for the unit V82 identified in the TR1
borehole, Albernda. Besides these taxa, the unit
also contains taxa such as Emphanisporites rotatus,
Geminospora sp., Retispora lepidophyta, Rugospora
flexuosa and Vallatisporites verrucosus, which are
interpreted as reworked miospores of upper Stru-
nian age.

N

Freixial Fm m VSE: 1) Felsic rocks:
(il Late Viséan): &) Mafic rocksiLate Fam. )
Turbidites

] Siliceous+purple shales (Viséan)

Regresa Fm (Late Famennian]
Quartzwsckes and shales

POG |Late Stunian):
Phyllitess Quartzites

Fig.9 Serra Branca geology with indication of studied borehole (Adapt. OLIVEIRA et al., 2005).
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The black shales of unit VS3 gave miospores of up-
per Famennian VCo Biozone, whose assemblage is
similar to that deseribed for borehole TR-1 in Al-
bernda. Unit VS84 contains a miospore assemblage
assigned to the Pu Biozone, identical to that de-
scribed for unit VS1 of the TR1 borehole. The litho-
logical succession is in normal stratigraphic order
up to the base of the intermediate volcanics, which
are in turn thrust over the VS4 unit.

Felsic volcanics at the upper part of the Val unit,
in borehole SB8, have been dated by U/P in zircons
as 356.9+5.0 My, so elsewhere between the upper
Famennian and the middle Tournaisian (ROSA et
al., 2009). The same authors calculated an U/Pb
age of 365.8+2.1 My, i.e. lower Famennian for zir-
cons of felsic volcanics collected in outcrops on the
south limb of the antiform. These two distint U/Pb
ages could be related to two magmatic events, as
suggested by ROSA et al. (2006). The palynostrati-
graphic data for the felsic volcanics, derived from
borehole SB, indicate an age situated between the
VCo Biozone (upper Famennian) and the NM bio-
zone (mid to upper Viséan).
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iii. Azenhas Section, Guadiana River {Mértola)

This section situated about 500m NE of Mértola,
in the west margin of the Guadiana River is a clas-
sical section where overthrusting was firstly dem-
onstrated (FANTINET, 1971; OLIVEIRA & SILVA,
1990; SILVA et al.,, 1990) based in sedimentary
way up and structural criteria (Figure 12). The
palynostratigraphic research confirmed this inter-
pretation (OLIVEIRA et al., 2007).

Three main litostratigraphic units can be observed
in the Mértola region: the PQG, the VSC and the
Mértola Formation (figure 13).

The PQG presents its classical composition, i.e.
shales with intercalations of disrupted beds of
quarzites, quartzwackes and siltstones, and lenses
of limestones. The latter, west of Mértola town, pro-
vided conodonts of Upper Devonian age (FANTI-
NET et al., 1976). Poorly to moderately preserved
miospores assigned to the LN Biozone of upper
Strunnian age were recovered from this unit. The
assemblage contains Verrucosisporites nitidus the
nominal species and the taxa Auroraspora sp.,
Densosporites spitsbergensis, Diducites spp., Gemi-

E Mértola Formation (mid Late Viséan)

- Freixial Formation (mid Late Viséan)

VSC:
a) Black shales; b) Purple shales (Viséan].

m Barranco do Homem Frm.

[Late Devonian)
m PQ Group (Late Strunian):
* Phyllites+Quartzites (*)
L] Studied section
A Overthrust

((p,= Galé Cela; (D -Mértala)

1,5 km

Fig.12 Mértola region geology with indication of Azenhas Section, Guadiana River (Adapt. OLIVEIRA & SILVA, 1990, Sh. 46D Mertola, SGP).
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nospora lemurata, Leiotriletes strunniensis, Punc- grey argillaceous and siliceous shales with lenses
tatisporites irrasus and Retispora lepidophyta. Rare and nodules of manganese oxides and silicates.
acritarchs and prasinophytes are present. The grey shales and the volcanogenic sediments

contain miospores of lower Viséan age. The assem-

The PQG is thrusted over the VSC and this tectonic blage includes the zonal specie Lycospora pusilla

boundary is the local expression of the regional ; E8 : :
in association with Auroraspora macra, Convolutis-
Galé-Cela (p1)overthrust (SILVA et al., 1990). pora sp., Crassispora Aera, Denscspoditessp.. D,
The VSC in this region comprehends fine volca- rarispinosum, Dictyotriletes castaneaeformis, Knox-
nogenic sediments, green and purple shales, dark isporites cf. triradiatus, Retusotriletes incohatus and

Biostratigraghy ‘Cronostratgraphy
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Shales and silicoous shales (tuffites)

@ Studied sample and spare biazone identified

Fig.13 igraphic log of Azenhas Section, diana River and i ic distribution of selected miospore species from the recognised
assemblages,




Vallatisporites sp. and rare prasinophytes of the
genus Maranhites spp..

These shales are tectonically above the underlying
Meértola Formation turbidites and their boundary
is the local expression of the Mértola (p2) over-
thrust (Figure 12). The boundary was reworked
during the Late Variscan episodes as shown by the

presence of quartz veins.

The Mértola Formation is here made up of clas-
sical turbidites with conglomerate intercalations
and thick bands composed of shales and thin bed-
ded turbidites, which provided Posidonia becheri
and a good collection of upper Viséan amonnoids
(KORN, 1997).

The shales yielded poorly to moderately preserved
miospores assigned to the NL Biozone of mid up-
per Viséan age. The assemblage contain common
Raistrickia nigra and is composed of the presence
of Crassispora trychera, Densosporites sp., Granu-
latisporites sp., Knoxisporites hederatus, Leiotriletes
sp., Lycospora pusilla, Microreticulatisporites sp.,
Vallatisporites sp. and Waltzispora sp.

iv. Séio Domingos mine boreholes and open pit section

The stratigraphic sequence of this complex anti-
form is composed of felsic rocks (mostly rhyolites),
spilites, dolerites, minor andesites, shales, fine vol-
caniclastics and purple shales. The VSC appears to
be tectonically overlain by phyllites and quartzites
of the PQG and is also thrust by the quartzwackes,
siltstones and shales of the Represa Formation, the
upper unit of the Pulo do Lobo Antiform, which ex-
tends geographically to the north. Two boreholes
(MP3 and MSD1) and two outpit section were
examined for palynostratigraphic research (Figu-
re 14, 15) (PEREIRA et al., 2007, MATOS et al,,
2006, OLIVEIRA et al., 2006).

In the MP3 borehole located near Tapada Grande
dam (Figure 5) four main units were identified,
namely: the Represa Formation, silstones and
shales (Xn2), felsic (Va) and mafic (Vb) volcanic
rocks, black shales (Xn3) (Figure 15).

The Represa Formation shales yielded rich
miospore assemblages of the upper Famennian
VH Biozone (as described in point 4.1). The black
shales intercalated in the felsic rocks (Xn2) and
also those intercalated in mafic rocks (Xn3), both
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gave rich miospore associations of the VH Biozone.
This means that at least part of the VSC and the
Represa Formation have the same age. A tectonic
breccia that occurs at the base of the Represa For-
mation is interpreted in close relationship with a
thrust fault which brought the unit over the VSC.

The VH assemblages contain Grandispora echinata
the key specie, together with the taxa Ancyrospo-
ra sp., Ancyrospora? andevalensis, Aneurospora
greggsii, Apiculiretusispora sp., Auroraspora sp., A.
solisorta, Crassispora sp., Cristatisporites triangula-
tus, Cristicavatispora dispersa, Cymbosporites sp.,
Diducites poljessicus, D. versabilis, Emphanisporites
annulatus, E. rotatus, Geminospora lemurata, Gran-
dispora cornuta, Punctatisporites irasus, Retusotri-
letes sp., R. crassus, Rugospora explicata, R. flexuosa
and Spelaeotriletes sp. (Figure 15).

Borehole MSD1, located in the eastern open pit
sector (Figures 14 and 15), intersected the follo-
wing lithologies, from top to bottom (MATOS
et al., 2006): sandstones and shales of the PQG,
which are intruded by a dolerite sill (d); shales,
siltstones and fine volcaniclastic sediments (VS5);
black shales with interbedded phosphate and car-
bonate ooliths (V56); shales and quartzwackes as-
cribed to the Freixial Formation. The shales of the
PQG gave well preserved LN miospore assembla-
ges of upper Strunian age, as indicated by the pre-
sence of Verrucosisporites nitidus, the index species
in association with the taxa Crassispora sp., Den-
sosporites spitsbergensis, Geminospora lemurata, G.
spongiata, Punctatisporites sp., Retispora lepidophy-
ta, Rugospora flexuosa and Vallatisporites sp, with
some rare acritarchs and prasinophytes.

The shales of unit V55 interbeded in the VSC yield-
ed miospores of the Pu miospore Biozone of lower
Viséan age, as shown by the presence of Lycospora
pusilla in association with Densosporites rarispino-
sum, Dictyotriletes sp., Knoxisporites cf. triradiatus
and Vallatisporites sp. Prasinophytes includes the
species: Leiosphaeridia spp., Pterospermella eurip-
tio, Maranhites brasiliensis, M. britoii, M. mosesii,
M. perplexus and Tasmanites spp.

The black shales with phosphate and carbonate
ooliths (VS6) and the shales of the Freixial For-
mation have similar miospore assemblages that
indicate the mid upper Viséan NL Biozone. The as-
semblages have Crassispora trychera, Densosporites
spp., Lycospora pusilla, Microreticulatisporites sp.,
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and Waltzispora planiangulata, in association to
the nominal specie Raistrickia nigra (Figure 15).

This borehole, although located close to the Sao
Domingos mine open pit failed to find any kind of
massive sulphides or even felsic volcanic rocks.

Sampling of the dark laminated shales and quartz-
ites of PQG exposed in the western sector of the
flooded open pit (Figure 14), revealed very well
preserved miospore assemblage assigned to the
VH miospore Biozone of upper Famennian age.
Besides this, all samples enclose very rich assem-
blages of acritarchs and prasinophytes. Present
are the acritarchs species: Crassiangulina tesselita,
Craterisphaeridium  sprucegrovense, Deltotosoma
sp., Daillydium pentaster, Gorgonisphaeridium

ohioense, G. plerispinosum, Horologinella horologia,
Micrhystridium stellatum, Palacanthus ledanoisii,
P. tripus, Stellinium comptum, S. micropolygonale,
Unellium piriforme, Veryhachium pannuceumn, V.
trispinosum and Winwaloeusia repagulata.

The structural geology of the open pit area is now
revised. MATOS et al,, 2006 have suggested that
the lithostratigraphic units are arranged in a sig-
moidal tectonic sheet bounded by thrust faults.
The fact that what was considered the Represa
Formation in the western open pit area is indeed
the PQG lead to a new structural interpretation
(Figure 14). The VSC units appear tectonically
bounded by PQG shales and quartzites forming a
true tectonic window, which has been disrupted by
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Fig.14 530 Dominges open pit geology (adapt. MATOS et al., 2006).

Geology: Volcano Sedimentary Complex (VSC): 1 - Volcanic and sedimentary rocks; 2 - S§o Domingos massive sulphide orebody (Py). 5T -
Séo Domingos stockwork and related hydrothermal system; 3 - Phyllite-Quartzite Group (PQG); 4 — Thrust; 5 - Strike-slip fault; & - Mining
waste and landfill; 7 — Shaft; & - Addict, 9 - Sample point; 10 - Flooded open pit, acid water level 107m; 11 - Pedestrian mining heritage
track,
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the Late Variscan South Fault along with a dolerite
intrusion was installed.

South Branch

In the South Branch palynostratigraphic research
has been concentrated in the Pomardo anticline,
Neves Corvo, Aljustrel and Caveira mines, Sio
Francisco da Serra and in the Cercal anticline (see
Figure 5).

i. Pomardo Anticline

The Pomario Anticline exposes the most complete
lithostratigraphic succession of the Portuguese Ibe-
rian Pyrite Belt (BOOGAARD, 1967; OLIVEIRA &
SILVA, 1990, Figure 5). From base to top are reco-
gnised the following units: phyllites and quartzites
of the PQG (Eira do Garcia Fm); dark shales with
carbonate nodules and lenses (Nascedios Fm); Cer-
queirinha acidic volcanics; black shales with lenses
of cherts and volcaniclastic sediments (Xistos Ne-
gros Fm); shales and quartzwackes with lenses of
Fe/Mn oxides ( Varjotas Mb); Corte Machado aci-
dic voleanics and siliceous shales; siliceous shales
with lenses and nodules of Mn oxides (Achada
da Mina Mb); purple and green shales (Borra de
Vinho Mb); Aguia Fm acidic voleaniclastics which
are conformably overlain by the Mértola Fm tur-
bidites. As a whole, the succession thickness is in
excess of ¢. 500m.

Conodonts, rare clymenids and brachyopodes re-
covered from the carbonate lenses and nodules of
the Nascedios Fm indicate an upper Famennian
age. In terms of palynology, only the shales of the
Nascedios Fm yielded miospores assigned the LL
Biozone of upper Strunian age (OLIVEIRA et al.,
2006).

The assemblage comprises moderately preserved
specimens of Auroraspora sp., Diducites sp., Empha-
nisporites rotatus, Knoxisporites literatus, Retispora
lepidophyta and Retusotriletes sp., rare acritarchs
and prasinophytes are also present.

ii. Neves Corvo mine region

The most comprehensive palynostratigraphic study
undertaken in the Portuguese part of the Iberian
Iberian Pyrite Belt is the investigation of the lithos-
tratigraphic units of the Neves Corvo mine. Up to
39 drill cores were sampled from all the tectonical-

ly imbricated units which allowed the accurate dat-
ing all the units, and so concluded a long stan-ding
stratigraphic controversy (OLIVEIRA et al., 1997;
PEREIRA et al., 2004; OLIVEIRA et al., 2004).

The stratigraphic sequence comprises from base to
top (Figure 16):

- The Phyllite Quartzite Formation, with a thick-
ness in excess of 100m, is composed of dark shales
with intercalations of thin-bedded siltstones and
quartzites. Lenses of limestones, at the top of the
lithological sequence yielded conodonts of the
marginifera Biozone indicating a mid Famennian
age (BOOGAARD & SCHERMERHORN, 1981). The
age of the PQG is upper Famennian based on mod-
erately to well preserved miospore assemblages as-
signed to the VCo and VH Miospore Biozones.

The VCo Biozone assemblage includes the type spe-
cies Grandispora cornuta and abundant specimens
of Auroraspora macra, Cristatisporites triangulatus,
Diducites versabilis, D. poljessicus, Emphanisporites
annulatus, Geminospora lemurata, Retusotriletes
planus, R. triangulatus and Rugospora flexuosa.
Reworked Frasnian miospores (Cristatisporites sp.,
Contagisporites optivus, Aneurospora greggsii, Retu-
sotriletes rugulatus, Verrucosisporites premnus and
V. scurrus) are well represented in the VCo studied
assemblages.

The VH Biozone is marked by the abundant pre-
sence of Grandispora echinata together with An-
cyrospora sp., Auroraspora macra, Cristatisporites
rriangulatus, Diducites mucronatus, D. poljessicus,
D. versabilis, Grandispora cornuta, Emphanisporites
annulatus, Geminospora lemurata, Retusotriletes
phillipsii, R. planus, R. triangulatus, Raistrickia va-
riabilis, Rugospora flexuosa, Spelaeotriletes sp., Val-
latisporites pusillites and V. hystricosus. Acritarchs
and prasinophytes are well represented in the as-
semblages. Reworked Frasnian miospores are also
documented in the VH assemblages.

- The Volcano Sedimentary Complex (VSC) is
lithologically divided into the Lower and Upper
Complexes.

The Lower VSC, with a total thickness of ca. 350
m, is well represented and includes, in ascending
order: basic rocks (b, bl) composed of dolerites
and microandesites; acidic volcanics (V1) mostly
represented by rhyolitic lavas and tuffs; the Corvo
Formation (c¢) made up of dark and black shales



with interbedded carbonate nodules and locally
small clasts of tuffs; the Neves Formation (n), com-
posed of black pyritic shales and thin bedded silt-
stones; acidic volcanics (V2), represented mostly
by quenched rhyolites and minor volcaniclastics;
massive sulphide orebodies (ms) hosted in black
shales; a metre thick unit with jaspers and carbo-
nates (JC) that lies immediately above the massive
sulphides.

The Corvo Formation provided assemblages of
iospores assigned to the VH Biozone of upper Fa-
mennian age, whose composition is similar to that
of the PQG.

The Neves Formation yielded a spore assemblages
characteristic of the LN miospore Biozone of up-
per Strunian age. This Biozone is marked by the
presence of well preserved and abundant speci-
mens of Auroraspora macra, Densosporites spits-
bergensis, Diducites mucronatus, D. poljessicus,
D. versabilis, Epigruspora regularis, Geminospora
spongiata, Grandispora cornuta, G. echinata, Kno-
xisporites literatus, Leiotriletes struniensis, Retispora
lepidophyta, Retusotriletes incohatus, R. phillipsi,
Rugospora flexuosa, Tumulispora rarituberculata,
Vallatisporites pusillites, V. hystricosus and Vallatis-
porites verrucosus together with the index species
Verrucosisporites niditus. Rare specimens of Ara-
trisporites saharaensis also occur. Reworked Give-
tian to Frasnian miospores are present in the LN
assemblages.

Acritarchs and prasinophytes are very common,
including Gymatiosphaera sp., Chomotriletes vedu-
gensis, Dupliciradiatum crassum, D. tenue, Duver-
naysphaera tessella, D. stellata, D. tenuicingulata,
Gorgonisphaeridium elongatum, G. ohioense, G.
plerispinosum, G. solidum, Horologinella quadrispi-
na, Maranhites brasiliensis, M. britoii, M. gallicus,
M. mosesii, M. multioculus, M. perplexus, Mara-
nhites sp. A, Maranhites sp. B, Multiplicisphaerid-
ium ramusculosum, Navifusa bacillum, Onondagella
sp., Palacanthus ledanoisii, P. tripus, Pterospermella
euriptio, Stellinium comptum, S. micropolygonale,
Unellium piriforme, Umbellasphaeridium sahari-
cum, U. deflandrei, Veryhachium pannuceum, V.
trispinosum and Winwaloeusia repagulata.

The absence of miospores characteristic of the LE
and LL spore biozones suggests that a hiatus sepa-
rates the Corvo and Neves formations. This hiatus
is identified for the first time in the Iberian Pyrite
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and may be related to local submarine erosion
(OLIVEIRA et al., 2004).

The massive sulphide orebodies are intercalated
in latest Famennian (late Strunian, LN Biozone)
black shales.

The Upper VSC is well represented in drill cores
and crops out partially at surface. It includes in
ascending order: the Graga Shales (1) composed
of black shales with dispersed siliceous-phosphatic
nodules; acidic voleanics (V3) represented by aci-
dic lavas and volcaniclastics; basic sills (b2) that
are intruded into the Graga shales; Grandagos For-
mation (s) made up of black and siliceous shales
with dispersed centimeter-scale carbonate lenses;
“Borra de Vinho” Formation (bv) with interfinge-
ring purple and green shales which are typical of
the upper part of the VS Complex (also known as
“pizarras moradas” in Spain): Godinho Formation
(g) comprising acidic volcaniclastics and siliceous
shales; and the Brancanes Formation (r) composed
of black shales rich in pyrite and organic matter,
and thin layers of graded siltstones and fine grey-
wackes that mark the beginning of turbidite sedi-
mentation. The total thickness of this complex is
estimated in about 350m.

The Graga Formation provided miospore assem-
blages of the lower Viséan miospore Biozone TS.
The TS Biozone is defined by the presence of
the key species Knoxisporites triradiatus and K.
stephanephorus. Other taxa present include Ana-
piculatisporites sp., Convolutispora nigrata, Den-
sosporites rarispinosus, Diatomozonotriletes rarus,
Dictyotriletes propius, Hymenozonotriletes capera-
tus, Knoxisporites hederatus, K. rhulandii, Micro-
reticulatisporites concavus, Proprisporites sp., Spe-
laeotriletes pretiosus, S. arenaceus, Vallatisporites
pusillites, V. hystricosus and V. galearis. Reworked
Tournaisian palynomorphs are common.

The Grandagos Formation yielded miospores as-
cribed to the upper Viséan NL Biozone. The NL
Biozone is a local biozone defined by the fist oc-
currence of Raistrickia nigra. Other taxa include
Convolutispora sp., Diatomozonotriletes sp., Knoxis-
porites hederatus, K. triradiatus, K. stephanephorus,
Leiotriletes sp., Lycospora pusilla, Microreticulatis-
porites concavus and Proprisporites sp.;

The Godinho Formation has miospores assigned to
the NL Biozone. The assemblage includes abundant
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Densosporites rarispinosus, D. annulatus, Knoxis-
porites hederatus, K. triradiatus, K. stephanephorus,
Leiotriletes sp., Lycospora pusilla and the guide spe-
cie Raistrickia nigra. No miospores were recovered
from the Brancanes Formation but the unit yielded
ammonoid faunas of upper Viséan age (OLIVEIRA
& WAGNER-GENTIS, 1983).

No miospore biozone of Tournaisian age was iden-
tified in present study. However, one miospore as-
semblage ascribed to the VI Miospore Biozone was
recovered from shales in a borehole situated 3 Kms
NW of the mine. A similar situation seems to oc-
cur in Spain (RODRIGUEZ et al., 2002). It is worth
noting that sediments of Tounaisian age younger
than VI Biozone are unknown in the Iberian Pyrite
Belt. However, reworked Tournaisian miospores

Neves-Corve Lombador  Lombador - PM 2

an

are found in younger units suggesting that sedi-
ments of this age may have been deposited else-
where. This Tournaisian lacuna may well be due
to widespread submarine erosion (OLIVEIRA et al.
2004).

Another hiatus embraces the TC Miospore Biozone
of lower Viséan age. This is probably of local origin
induced by the impressive tectonism.

- The Mértola Formation (Mt1) is a typical flysch
suceession comprising alternations of greywacke
and dark grey shales. Three distinct sequences of
turbidite beds are known in the mine region (Fi-
gure 16, 17): Mtl beds that surround the Neves-
Corvo mine antiformal structure; Mt2 beds which
are only known from drill cores and rest uncon-
formably on the shales of Graga Formation; and

.1
[
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Fig.17 Tectonic interpretative scheme of Neves Corva mine region (Adaptado de OLIVEIRA et al, 2004). Legend: A. Late Famennian to Viséan A:
dominantly extensional regime; B, Serpukhovian to Moscovian: dominantly SW verging fold and thrust regime. Symbols as in Fig. 10; t1 to

13 inferred time lines.
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Mt3 beds, which are the deepest beds of the Mérto-
la Formation and lie unconformably on the Neves
Shales, on the JC sediments and even on the mas-
sive sulphides.

The geometric and spacial position of the Mt1, Mt2
and Mt3 beds of the Mértola Formation shows that
the flysch sediments are getting older as far as we
ascend in the tectonic pile (Figure 17). This is due
to the conjugate effect of the southwestward flysch
progradation on an already consolidated substrate
and the tectonic thrusting in the same sense (OLI-
VEIRA et al., 2004). The Mértola Formation flysch
sediments yielded poorly to moderately preserved
miospore assemblages refered to the Biozones NL,
SN and NC Miospore Biozones of the upper Viséan
age. The NL Biozone includes the guide specie
Raistrickia nigra and also common specimens of
Densosporites rarispinosus, D. annulatus, Diato-
moszonotriletes sp., Knoxisporites triradiatus, K.
stephanephorus, Leiotriletes sp., Lycospora pusilla,
Microreticulatisporites concavus and Proprisporites
laevigatus. Reworked Viséan and Tournaisian paly-
nomorphs were also determined. The SN Biozone,
a local zone, was defined by the presence of abun-
dant Anaplanisporites baccatus, Densosporites inter-
medius, D. brevispinosus, Lycospora pusilla, Knox-
isporites triradiatus, K. stephanephorus, Raistrickia
nigra, Savitrisporites nux and rare Rotaspora fracta,
Diatomozonotriletes sp. and Triquitrites marginatus.
The NC Biozone is characterised by the first occur-
rence of Bellispores nitidus together with abundant
species of Crassispora maculosa, Convolutispora
venusta, Diatomozonotriletes sp., Dictyotriletes sp.,
Leiotriletes tumidus, Rotaspora fracta and Savitris-
porites nux. In the entire studied NC assemblages
reworked Strunian and Tournaisian miospores are
common. The Mértola Formation also yielded the
goniatites Goniatites hudsoni and G? globostriatus
of upper Viséan A age and Arnsbergites arnsbergen-
sis, Arnsbergites falcatus and Hibernicoceras, which
indicate the upper Viséan B confirming the results
provided by the palynomorphs in the Neves Corvo
mine region (OLIVEIRA et al., 2004);

iii. Aljustrel mine region

The Aljustrel antiformal structure comprehends en-
tirely VSC lithologies, the PQG is not known here.
The startigraphic succession was originally de-
scribed by SCHERMERHORN & STANTON (1969)
and ANDRADE & SCHERMERHORN (1971) who
have erected the following sequence: Megacristal
Tuffs in the lower central part, which are overlain
by the Green Tuffs; laterally these units grade re-
spectively to the lower volcanics felsitic facies and
upper volcanics (“Mine Tuffs“) that has in its top
the massive sulphides ore. Total thickness of VSC is
up to 200m, base unknown. BARRIGA (1983) sim-
plified the startigraphic sequence, proposing only
two units, the Quartz Eyes Tuffs Formation (that
includes the Megacristal and Green Tuffs) and the
Mine Tuff Unit. Over the volcanic suite, extensive
jasper lenses occur along with the Paraiso Forma-
tion, consisting of purple and green shales, black
shales, fine volcaniclastic sediments and locally
mafic rocks (LEITAO, 1998).

More recently (DAWSON et al, 2001,) visualized
a distinet stratigraphic sequence composed, from
base to top of: the Lower Volcanic Unit (with three
types of rhyolites, equivalent to the Mine Tuff);
the Massive Sulphides unit, 1-100 m thick; and the
Upper Volcanic Unit, with volcanics and rare lapili
with rhyolitic composition, considered as the Green
Tuffs equivalent, and the Quartz Feldspatic Rhyo-
lites. These authors assume that the unit Quartz
Feldspatic Rhyolites is equivalent to the Mega-
cristal Tuffs and is intrusive in the previousl-ly de-
seribed succession and also in Paraiso Formation.
The Lower Rhyolites were dated as 352.4+1.9 My
by zircons (BARRIE et al., 2002) i.e. lower to mid
Tournaisian age. ROSA et al., 2009 dated the Mine
Tuffs (equivalent to the Lower Volcanic Unit, San-
ta Barbara gallery) as 354.6+1.7 My, the Mega-
cristal Tuffs in the Feitais ramp as 364.0+1.7 My
(mid to upper Famennian) and in the Sio Joio
quarry as 356.6+2.1 My (upper Famennian). The
unit Megacristal Tuffs appear so the oldest unit in
the Aljustrel volcanic suite and cannot be intrusive
in the other units as interpreted by BARRIE et al.
(2002).

A preliminar palynostratigraphic study (sampling
program on recent 1/5000 scale unpublished map,
Matos 2005) of the Aljustrel sequence allowed the
identification of moderately preserved miospore



assemblages, assigned to the Pu Biozone of lower
Viséan age in the Paraiso Formation. The assem-
blages show the presence of Lycospora pusilla in
association with Densosporites rarispinosum, Acan-
thotriletes sp., Convolutispora sp., Dictyotriletes sp.,
Knoxisporites cf. triradiatus, Secarisporites sp. and
Vallatisporites sp. Prasinophytes includes the spe-
cies: Maranhites brasiliensis, M. britoii, M. mosesii,
M. perplexus and Tasmanites spp.

The Mértola Formation flysch sediments vielded
poorly to moderately preserved miospore assem-
blages assignable to the NL Biozone of mid upper
Viséan age. The Biozone is defined by the pre-
sence of moderately preserved Raistrickia nigra,
the zonal key specie and also common specimens
of Densosporites rarispinosus, D. annulatus, Dia-
tomozonotriletes sp., Knoxisporites triradiatus, K.
stephanephorus, Leiotriletes sp. and Lycospora pu-
silla.

iv. Lousal/Azinheira de Barros/Mina da Caveira regions

In the Lousal/Azinheira de Barros/Mina da Cavei-
ra region the Iberian Pyrite Belt develops complex
antiformal structures. The age of the lithostrati-
graphic units is still poorly constrained.

Shales of the PQG, recovered from a road cut north
of Azinheira de Barros village provided a mode-
rately preserved miospore assemblage that con-
tains the index species Verrucosisporites nitidus,
the index species and the following taxa Crassis-
pora sp., Densosporites spitsbergensis, Geminospora
lemurata, G. spongiata, Punctatisporites sp., Retis-
pora lepidophyta, Rugospora flexuosa and Vallatis-
porites sp. that indicate the LN Biozone.

The VSC shows two main volcanic suites: one
dominated by felsic volcanics, shales and intrusive
diabases; the other composed mostly of basic vol-
canics and intrusives. The VSC suite is followed
by the Mértola Formation turbidites that yielded
a moderately preserved miospore association with
Crassispora sp., Densosporites spp., Lycospora pu-
silla, Microreticulatisporites concavus, Proprisporites
sp. and Waltzispora planiangulata, in association
to the nominal species Raistrickia nigra. This as-
semblage is asssigned to the NL local Biozone of
mid upper Viséan.

The Caveira mine is located in a complex N-5 tren-
ding antiformal structure with a core composed

43

of PQG shales and quartzites surrounded by VSC
felsic voleanics (OLIVEIRA et al., 2006, MATOS,
2006, Figure 18). Several massive sulphides <10m
thick lenses occur near the PQG/VSC boundary,
forming two main ore horizons: the Helena Shaft
and the Luisa Shaft. The structure is affected by
N-8 and NE-SW late Variscan reverse faults. The
borehole CAV 02 (Figure 19) was selected to illus-
trate the lithological succession and the palynos-
tratigraphic study. The following units were iden-
tified: dark shales with thin-bedded siltstones and
quartzites (Xn1); felsic porphyritic voleanics (Va);
black shales (Xn2) with massive sulphide interca-
lations (Luisa Shaft orebodies); dark shales with

05

Fig.18 Simplified Caveira mine geology (adapt. MATOS, 2006): FBA
- Mértola Fm. Flysch; VSC - Volcano-Sedimentary Complex;
POG - Phyllite-Quartzite Group; T - Tertiary sediments; E -
Mine waste tailings. Hayford-Gauss coordenates in km;
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siltstones and quartzitic beds (PQG). The Unit Xn1,
interpred as a PQG equivalent, is thrusted over the
felsic volcanics Va and the contact between unit
Xn2 and the PQG lithologies is faulted (extensional
shear zone?).

The black shales of unit Xnl and also those inter-
calated in the massive sulphides {Xn2), both gave
rich miospore associations of the LN Biozone cha-
racterized by abundant specimens of Auroraspora
macra, Cristatisporites triangulatus, Densosporites
spitsbergensis, Dictyotriletes fimbriatus, Discernis-
porites sp., Geminospora spongiata, Grandispora
cornuta, G. echinata, Knoxisporites literatus, Pun-
ctatisporites irrasus, Retispora lepidophyta, Retuso-
triletes incohatus, Rugospora flexuosa, Vallatisporites
pusillites and Vallatisporites verrucosus together
with the guide specie Verrucosisporites niditus (Fig-
ure 19). Maranhites spp are also present.

The black shales interbbedded in the PQG gquart-
zites revealed the presence of moderately pre-
served miospores indicating the AD miospore Bio-
zone, subzone Lem, of Lower Givetian age (Figure
19). This Biozone, shows moderately preserved
species of Cristatisporites sp., Geminospora lemura-
ta, Cymbosporites magnificus, Aneurospora greggsii,
Emphanisporites annulatus, Grandispora sp., Retu-
sotriletes rugulatus, Verrucosisporites premnus and
V. scurrus (Figure 19). Reworked older miospores
of Lower Devonian age make part of the assem-
blage (e.g. Camarozonotrilestes sextantii and Dia-
tomozonotriletes sp.).

Together with the ages determined for the PQG
lithologies in the Sao Francisco Anticline (see be-
low) these are the oldest sediments ever found in
the Portuguese part of the Iberian Pyrite Belt,

The time gap between unit Xn2 and the PQG litho-
logies covering the Famennian, the Frasnian and a
big part of the Givetian is probably due to the effect
of the extensional fault between the two units,

Recent U-Pb geochronology data in zircons reco-
vered from felsic volcanics ca 300m SSE of Luisa
Shaft indicate an age of 361+4My (ROSA et al.,
2008) e.g. upper Famennian. Available palynologi-
cal data suggest that the age of the Caveira mas-
sive sulphides is upper Strunian.

v. Sdo Francisco da Serra region

The stratigraphic succession of this anticline com-
prehend shales and quartzites, in places thick-
bedded and amalgamated, of the PQG which are
overlain the VSC lithogies dominated by shales,
siliceous shales and fine voleaniclastic sediments,
minor felsic volcanics, purple shales and dark car-
bonaceous shales at the upper part.

Preliminary palynologic study of borehole M1
(made by the Sociedade Mineira Riofinex, in
1993), located in the central part of the anticline
shows a highly fractured black shales sequence,
with interbeded thin-bedded quartzites (Figure
20). This succession yielded a moderately pre-
served miospore assemblage assigned to the up-
per part of AD miopore Biozone, subzone Lem, of
Lower Givetian age.

The most common species present are: Acinosporites
lindlarensis, Aneurospora greggsii, Cymbosporites
magnificus, Geminospora lemurata, Emphanis-
porites annulatus, E. rotatus, Grandispora protea,
Retusotriletes rugulatus, Verrucosisporites premnus
and V. scurrus (Figure 21). Cristatisporites triangu-
latus is missing. The first occurrence of this specie
is at the base of TA Biozone, confirming the age of
the assemblage, as pre-TA miospore Biozone (see
Figure 21). Present are also reworked miospores of
Lower Devonian age (e.g. Archacozonotriletes chu-
lus, Brochotriletes sp., Camarozonotrilestes sextantii
and Diatomoszonotriletes franklini).

vl. Cercal Anticline region

The Cercal Anticline (CA) is located in the western-
most region of the Iberian Pyrite Belt. The exposed
stratigraphic sequence includes, in ascending or-
der, the VSC followed by the Xistos das Abertas
Fm, which passes gradually to the flysch sequence
of the Mira Formation (CARVALHO, 1976) (Fi-
gure 22). The VSC is composed from base to top
by: Felsic Voleanics (Va), that comprehend lavas,
pumice and volcaniclastic beccias with intercala-
tions of volcanogenic shales; diabases and inter-
mediate/basic subvolcanics (V(); jaspers and the
S. Luis Formation (SL), a unit composed of shales,
phyllites, siliceous shales and voleanogenic sedi-
ments. About 500m NW of S&o Luis village, at the
base of this last unit, brachiopods ascribed to the
upper Strunian were found (QUIRING, 1936). This
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determination led CARVALHO (1976) to assume
that the volcanics of the VSC are older than the
Strunian, meaning so that this voleanism is the
oldest in the Portuguese IPB.

Detail palynostratigraphic research in the Cercal
Anticline is currently being undertaken. The strati-
graphic succession is still poorly constrained, in
terms of lithostratigraphy and age. In fact, three
boreholes drilled out in the hinge zone of the anti-
cline by the Elf Aquitane company (Borehole ME1
in Lugar de Medouros and boreholes CP1 and CP2
in Corte Pinheiro about 1km NW of S&o Luis vil-
lage), showed from top bottom (Figure 23, 24):
20 m of partially weathered shales and siltstones
(borehole CP2) ; 20 m of chloritic tuffs (boreholes
CP1 and CP2) and 130 m of felsic lavas (borehole
ME1) followed by a thick (>550 m) succession
of dark shales and siltstones (XnS). Forty four
samples of shales from the three boreholes were

studied and of these thirty eight yielded very well
preserved specimens of Grandispora echinata to-
gether with Ancyrospora sp., Ancyrospora? andeva-
lensis, Apiculiretusispora fructicosa, Auroraspora
macra, Cristatisporites triangulatus, Cristicavatis-
pora dispersa, Diducites poljessicus, D. mucronatus,
D. versabilis, Endoculeospora gradzinskii, Empha-
nisporites annulatus, Geminospora lemurata, Gran-
dispora cornuta, Punctatisporites spp., Retispora cf.
macroreticulata, Retusotriletes phillipsii, R. planus,
R. triangulatus, Rugospora explicata and R. flexuo-
sa (Figure 24, 25). This assemblage indicates the
VH Biozone of upper Famennian age. All samples
studied contain rich assemblages of acritarchs
and prasinophytes, including Gorgonisphaeridium
ohioense, G. plerispinosum, Maranhites mosesii, M.
perplexus, Multiplicisphaeridium  ramusculosum,
Stellinium comptum, S. micropolygonale, Veryha-
chium pannuceum, V. trispinosum and Winwaloeu-
sia repagulata.

Fig.20 Simplified S. Francisco da Serra Antiform geology (adapt. ALVES et al. 1985), Coordenadas em Hayford-Gauss, em km):
FBA - Mértola Frm. Flysch; VSC - Volcano-Sedimentary Complex; PQG - Phyllite-Quartzite Group; T - Tertiary sediments.
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At Salgadinho, about 7 Kms NE of Séo Luis village,
the borehole SL 22 made by the Servigo de Fomen-
to Mineiro was studied (Figure 24, 25). The litho-
logical succession shows felsic, frequently sericitic
tuffs and lavas interbedded in dark shales and silt-
stones. These lithologies are very similar to those
identified in Sdo Luis region.

Two main conclusions must be pointed out from
the study of these boreholes: i) the enormous
thickness of the shales and siltstones below the
felsic volcanics in the hinge zone of the anticline
(Figure 22) all belonging to the same miospore
VH Biozone, a situation that is not common in the
Iberian Pyrite Belt. The lithologies are affected by
a strong flat cleavage which suggest that the suc-
cession is tectonically repeated; ii) the fact that
the voleanics apear interbedded in shales dated by
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the VH miospore Biozone suggest that they have
the same age. Volcanics of the this age are also
known in other regions, as for instance in Albernoa
and Sdo Domingos mine antiforms. Recent U/Pb
geochronogical determinations in felsic volcanics
of the central area of the anticline gave ages be-
tween 369,5+0,85 and 374,3+1,6 My (ROSA et
al., 2009) e.g. lower Famennian, so older than the
age provided by miospores.

Still in the Cercal Anticline, samples collected in
road cuts of the national road EN 262, from Cer-
cal to Abertas, in the Espadanal locality, from the
Xistos das Abertas Formation, a flysch unit, allow
the identification of the KV miospore Biozone of
Serpukovian age. This unit corresponds to the ba-
sal part of Mira Formation of the Baixo Alentejo
Flysch Group.

Fig.23 Cross section, from ELf Aquitaine Exploration Report (INETI documentation, 1984), with studied boreholes and positive samples.
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Cercal

Fig.24 Boreholes studied at the Cercal Anticline, with positive samples illustrated.
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Miospore assemblage includes Crassispora ko-
sankei, the zonal specie, together with Bellispores
nitidus, Crassispora maculosa, Densosporites spp.,
Lycospora pusilla, Microreticulatisporites concavus,
Rotaspora knoxi and Tripartites vetustus.

4.3. The Baixo Alentejo Flysch Group

The stratigraphic palynology of the Baixo Alentejo
Flysch Group, although still very incomplete, has
been provisionally established. The miospore ages
are consistent with ammonoid data recovered from
all the BAFG units (KORN, 1997).

Mértola Formation

The Mértola Formation was studied for paly-
nomorphs in several regions, such as the Neves
Corvo mine, Mértola town, Azenhas section in
Guadiana River, Bens Farm. All the studied sam-
ples (mainly shales) gave a upper Viséan age (OLI-
VEIRA et al., 2007; PEREIRA et al., 2007). Three
miospore biozones are identified: the NL and SN
Biozones, defined as local miospore biozones (see
the details described in the SWP Domain below)

based respectively on the first occurrence of the
index species Raistrickia nigra and Savitrisporites
nux, and the NC Biozone (recognised only at the
Neves Corvo mine region) based on the first ap-
pearance of the key species Bellispores nitidus.

Mira Formation

The age of Mira Formation is upper Viséan to lower
Bashkirian, based on the ammonoids Dombarites,
Lyrogoniatites and Cravenoceras (OLIVEIRA et al.,
1979; KORN, 1997). Palynostratigraphic data are
scarce at the present time and are only restricted to
black shale samples obtained in the Castro Marim
region. These samples yielded upper Viséan NC
miospore Biozone assemblages that contain the
key species Bellispores nitidus.

Brejeira Formation

The voungest unit of the BFGA is the Brejeira For-
mation. The palynostratigraphic study of this unit
revealed 6 miospore biozones, ranging from the
Bashkirian to upper Moscovian (PEREIRA 1997;
1999; Figure 26). These miospore ages are consis-
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tent with the local ammonoid biozonation (KORN,
1997).

The base of the Brejeira Formation, in the north
part of its outcrop area indicates the FR Miospore
Biozone of mid Bashkirian age, which contains
the index specie Reticulatisporites reticulatus and
the Dyctiotriletes probireticulatus in the upper part
of the zone. Further south, miospore assembla-
ges are successively assigned to the following: 8S
miospore Biozone characterised by the index spe-
cie Cirratriradites saturni; Ra Miospore Biozone
assemblage containing Radiizonates aligerens; Ra/
NJ biozonal boundary was only identified in Pin-
cho Road section and is marked by the first occur-
rence of Florinites junior; the SL miospore Biozone
was identified based on the first appearance of To-
rispora securis, the presence of Cadiospora magna
and upper in the the lithological sequence by the
incoming of the index taxa Raistrickia aculeata; the
OT Miospore Biozone is marked by the occurrence
of Thymospora pseudothiessenii, and the common
presence of T. obscura and T. thiessenii. This distri-
bution of the palynological assemblages confirms
the southwestward progradation of the turbidites.
The Variscan tectonic deformation in this sector is
post-Moscovian in age.

4.4, Southwest Portugal (SWP) Domain, Bordeira and
Aljezur Anticlines

Detailed palynostratigraphic research has allowed
the establishment of 12 miospore biozones, in
which 47 species of upper Devonian age and more
than 200 Carboniferous miospore species (PEREI-
RA et al, 1994; PEREIRA & OLIVEIRA, 1995;
PEREIRA, 1997; 1999). These palynostratigraphic
results correlate well with the local ammonoids bi-
ozonation (OLIVEIRA et al., 1985; KORN, 1997).
Sampling was made mostly in coastal cliff sections
and also in road cuts.

Tercenas Formation

The palynological study of Tercenas Formation
reveals a diverse and well preserved miospore as-
semblages assignable to the LN Miospore Biozone
of upper Strunian age and VI Miospore Biozone
of lower Tournaisian age (Figure 27,28). The LN
Biozone is characterised by the common presence
of Densosporites spitsbergensis, Dictyotriletes fim-
briatus, Knoxisporites concentricus, Retusotriletes

crassus, Retispora lepidophyta, Rugospora flexuo-
sa, Vallatisporites pusillites, V. hystricosus, V. ver-
rucosus, Tumulispora rarituberculata and the key
specie Verrucosisporites nitidus. All samples suited
contain rich assemblages of acritarchs and prasi-
nophytes (e.g. Cymatiosphaera sp., Chomotriletes
vedugensis, Duvernaysphaera tessella, D. stellata,
D. tenuicingulata, Gorgonisphaeridium ohioense, G.
plerispinosum, G. solidum, Horologinella quadrispi-
na, Maranhites brasiliensis, M. britoti, M. gallicus,
M. mosesii, M. multioculus, M. perplexus, Multipli-
cisphaeridium ramusculosum, Navifusa bacillum,
Onondagella sp., Pterospmella euriptio, Stellinium
comptum, S. micropolygonale, Unellium piriforme,
Umbellasphaeridium saharicum, U. deflandrei,
Veryhachium pannuceum, V. trispinosum and Win-
waloeusia repagulata.

Bordalete Formation

Sampling of the Bordalete Formation allowed
the identification of the VI, HD and PC Miospore
Biozones of Tournaisian age (Figure 27, 28). The
VI miospore Biozone (recognised in the Eirinhas-
Rizada-Penedo Road section, Monte do Penedo
and Pedra Ruiva sections) is marked by the pre-
sence of the index specie Vallatisporites verrucosus
together with the common presence of Cyrtospora
cristifera, Puctatisporites irrasus, Retusotriletes in-
cohatus, Secarisporites remotus and Tumulispora
rarituberculata.

The base of HD Biozone, indicated by the first in-
come of the index taxa Cristatisporites hibernicus,
was identified in the Eirinhas-Rizada-Penedo Road
section. It is also characterised by the first appea-
rance of the distinctive species Umbonatisporites
distinctus and Neoraistrickia cymosa.

A typical, diverse and very well preserved PC
Miospore Biozone assemblage was recovered
from several sections of the Bordalete Formation
The zone is defined by the presence of the guide
specie Spelaeotriletes pretiosus together with Auro-
raspora macra, K. cf. triradiatus, Granulatisporites
microgranifer, Neoraistrickia cymosa, N. logani,
Raistri-ckia clavata, Spelaeotriletes balteatus, Valla-
tisporites microspinosus, V. vallatus, V. verrucosus,
Verrucosisporites congestus, V. irregularis and V.
nitidus (Figure 27, 28).
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At the top of this unit the CM Miospore Biozone
of upper Tournaisian age is missing, probably due
to the presence of a hiatus. These palynostratigra-
phics data exclude the existence of a basal hiatus
as previously suggested (OLIVEIRA et al., 1985).

Murragdo Formation

From the Murracdo Formation 5 miospore bio-
zones of Viséan age have been recognised (PEREI-
RA, 1999). The study of the Pedra das Safias Mem-
ber proved to be very difficult due to the strong
dolomitization. Only in the Aljezur Anticline, in
the Marianos and Corte da Velha sections (Figure
27, 28), where this unit has a more shaly chara-
cter, it has been possible to identify the base of the
Pu miospore Biozone, based in the first appearance
of Lycospora pusilla and the base of TS Biozone,
by the first appearance of Knoxisporites triradiatus
and K. stephanephorus. These two miospore bio-
zones indicate a lower Viséan age for the Pedra das
Safias Member.

‘The Vale Figueira Member, in Praia das Quebra-
das section (Figure 27, 28) has yielded moderately
preserved miospore assemblages assignable to the
NL, SN, and NC Biozones of upper Viséan age. Two
biozones were defined as local miospore biozones,
the NL (Raistrickia nigra - Proprisporites lagvigatus)
and SN (Savitrisporites nux) based respectively, on
the first occurrence of Raistrickia nigra and Savi-
trisporites nux guide taxa (Figure 2). These local
biozones were defined due to the absence of strati-
graphically useful taxa such as Rotaspora spp., Tri-
partites spp. and Triquitrites spp. Nevertheless, the
NL Biozone can be correlated with the Raistrickia
nigra - Triquitrites marginatus Miospore Biozone of
Western Europe based in the first appearance of
Raistrikia nigra that occurs at the same level. Pro-
prisporites laevigatus appears together with the first
R. nigra in Southwest Portugal, but in Western Eu-
rope the first record of this specie is much higher,
at the top of NC Biozone of upper Viséan to lower
Serpukhovian age (CLAYTON et al., 1977, CLAY-
TON, 1996). The SN local Biozone can be corre-
lated with the VF Miospore Biozone of Western Eu-
rope, based in the first occurrence of Savitrisporites
nux. In Western Europe, in addition to S. nuwx, the
Tripartites vetustus Biozone is defined by the first
appearance of a group of new species which in-
cludes Tripartites vetustus, Tripartites nonguerikei,

Rotaspora fracta and R. knoxi, which are not repre-
sented in the upper Viséan of Southwest Portugal
(CLAYTON et al., 1977; CLAYTON 1996).

The basal part of the NC Biozone is marked by the
presence of the guide species Bellispores nitidus,
which was recognised in the Quebradas Beach
section. The assemblage also contains the species
Crassispora maculosa, Microreticulatus concavus,
Propisporites laevigatus, Raistrickia nigra and Savit-
risporites nux.

The palynostratigraphical evidence indicates that
the entire Viséan may be represented in the Mur-
ragdo Formation (PEREIRA 1997, 1999) confir-
ming so previous faunal determinations (OLIVEI-
RA et. al. 1985; KORN, 1997).

Quebradas Formation

The moderately preserved miospore assemblages
recovered from Quebradas Formation are assigned
to the Bashkirian KV and FR Miospore Biozones.
The KV Biozone is marked by the presence of
Crassispora kosankei. The basal pat of the FR Bio-
zone is defined on the first occurrence of Reticu-
latisporites reticulatus together with comon speci-
mens of Crassispora kosankei, Raistrickia fulva and
Savitrisporites nux (Figure 27, 28). These results fit
well, in terms of age, with the local ammonoid bio-
zonation (OLIVEIRA et al., 1985; KORN, 1997).

5. REWORKED PALYNOMORPHS

Reworking results from the transport of paly-
nomorphs from one depositional place to ano-
ther. It can led to a combination of different age
miospore assemblages or, in rare cases, the age of
the miospores is completely different from that of
the host sediment, in this last case is prefera-bly
called recycling. Recycled palynomorphs are most-
ly recognised by their anomalous biostratigraphic
age; differences in the colour of the exines and
preservation state are considered less significant.
Reworked palynomorphs are commonly preserved
in pristine conditions, due to their durability
(RAVN & BENSON, 1988; VAN DER LAAR & FER-
MONT, 1989).

The investigation of reworked palynomorphs can
be an important aspect of provenance studies in
general. When possible, considerations on the
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source area of the reworked palynomorphs must
be established.

Palynomorphs reworking is a common feature in
SPZ. In general terms, 1% to approximately 30%
of the studied palynomorphs are reworked.

5.1. Reworked Palynomorphs in the Devonian units of
SpZ

The presence of reworked miospores of Givetian
to Frasnian age was commonly found in the up-
per Strunian Tercenas Formation. Most commonly
reworded taxa include: Ancyrospora sp., broken
processes of A. longispinosa, Aneurospora greggsii,
Cristatisporites triangulatus, Geminospora lemurata
and Verrucosisporites scurrus.

Miospores of Emsian ages were also found, al-
though its presence is infrequent (e.g. Brochotri-
letes sp., Camarozonotriletes sp. and Diatomozonot-
riletes sp.).

Reworked miospores of the same age were found
in the upper units of Pulo do Lobo Domain (par-
ticularly in the Represa and Horta da Torre For-
mations) specifically the taxa Ancyrospora sp.,
Diatomoszonotriletes franklinii, Cristatisporites tri-
angularis, Cristatisporites sp., Verrucosisporites
premnus and V. scurrus. The possible source areas
for the reworked taxa may be units of Frasnian age,
such as the lower units of the Pulo do Lobo Anti-
form and the PQG of the Pyrite Belt. Extrabasinal
rocks of Lower Devonian rocks are found in units
of the Ossa Morena Zone and these could also be
visuali-sed as a possible source.

In the PQG of the Iberian Pyrite Belt several epi-
sodes of reworking were documented:

- in the upper PQG of upper Famennian to up-
per Strunian age, Givetian to Frasnian reworked
miospores and acritarchs(?) were frequently found
(Ancyrospora sp., Aneurospora greggsii, Contagis-
porites optivus, Cristatisporites triangulatus, Crista-
tisporites sp., Geminospora lemurata, Verrucosis-
porites premnus and V. scurrus);

- in the lower Givetian PQG sediments of Sdo Fran-
cisco da Serra Antiform and Caveira mine region,
Emsian reworked miospores were regularly found
(for instance: Archaeozonotriletes chulus (Plate 7,
Fig. 14), Brochotriletes sp., Camarozonotriletes sex-

57

tantii (Plate 8, Fig. 2) and also Diatomozonotriletes
franklinii (Plate 5, Fig. 14) Emphanisporites annu-
latus and E. rotatus. The reworked specimens are,
in general, moderately preserved indicating small
depositional corrosion or abrasion. This situation
would indicate a relative short transport meaning
so that the source area was not distant and could
well has been the proper PQG sediments admitting
that their age can reach the lower Devonian (the
base of the PQG sedimentary pile is unknown).

It is noteworthy that several of these reworked
species were recognised, in the Terena Formation,
a flysch unit of the Barrancos area, Ossa Morena
Zone, which was dated of Lockhovian to Emsian
based on miospores (PEREIRA et al., 1999).

5.2.Reworked palynomorphs in the Carboniferous units
of SPZ

Reworked miospores were noticed in all the stud-
ied units of the SPZ.

In the Bordalete Formation (dated of Tournaisian
age, V1 to PC Miospore Biozones), it is frequently
observed the presence of reworked miospores and
more rarely acritarchs of Strunian age (in particu-
lar the species: Emphanisporites annulatus, Gemi-
nospora lemurata, Retispora lepidophyta, Rugospora
flexuosa and Vallatisporites pusillites). The origin of
these materials could be the Tercenas Formation,
or the Pyrite Belt, where Strunian sediments are
accurately dated.

In Murragédo Formation (of lower Viséan age, Pu to
TS miospore Biozones), Tournaisian miospores are
widespread (Cyrtospora cristifera, Densosporites
sp., D. spitsbergensis, Neoraistrickia cymosa, Tu-
mulispora rarituberculata, Vallatisporites vallatus
and V. verrucosus).

Same situation was observed in the Graca Forma-
tion of the Neves Corvo mine region (dated of low-
er Viséan age, TS Miospore Biozone), where re-
worked miospores of Tournaisian age are present,
as for instance Cyrtospora cristifera, Densosporites
spitshergensis, Knoxisporites concentricus, Rugospo-
ra polyptycha, Spelaeotriletes spp., Tumulispora
rarituberculata, Verrucosisporites oppressus and
Verrucosisporites sp.. The reworked palynomorphs
are remarkably well preserved. The source area, in
this case, could be the Pyrite Belt. In fact, a major
erosive event, probably related to submarine gra-
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vity slumping and sliding generated in response to
extensional tectonism was suggested by OLIVEIRA
et al. (2004).

In the upper part of Murragido Formation, in situ
assemblages of mid upper Viséan (NM to NC
Miospore Biozones) includes several reworked
species assigned to the upper Tournaisian, PC and
CM miospore Biozones (Auroraspora macra, Schop-
fites clavinger, Spelaeotriletes balteatus, S. pretiosus
and Tumulispora rarituberculata). It is important
to notice that CM Miospore Biozone is lacking in
the SWP Domain, corresponding to a lacune or an
erosive event. The source area, in this case, could
be the Bordalete Formation or, also the Iberian Py-
rite Belt.

In the Quebradas Formation (Bashkirian age, KV
and FR Miospore Biozones), reworked miospores
are rare and moderately preserved. Present are the
species Knoxisporites literatus, K. cf. triradiatus and
K. triangularis of Upper Devonian to Lower Carbo-
niferous age. The source of the reworked miospores
could be the Tercenas and Bordalete Formations.

In the Baixo Alentejo Flysch Group reworked paly-
nomorphs were also determined. In the Mértola
Formation (mid upper Viséan age) it is frequent
to recover reworked Tournaisian miospores. The
Brejeira Formation (lower Bashkirian to upper
Moscovian age, KV to OT Miospore Biozones)
showed the most important assortment on re-
worked palynomorphs. Present are recycled acri-
tarchs of Cambrian to Silurian age, and miospores
of Devonian and Lower Carboniferous. Regard-
ing the provenance and source of the reworked
miospores, possible origins are from the Pulo do
Lobo Domain and from Iberian Pyrite Belt, The
Ossa Morena Zone could possibly be the source
area for the acritarchs of Lower Paleozoic age.

It should be pointed out also that Upper Tounai-
sian an Lower Viséan miospore assemblages re-
coverd from the Toca da Moura-Cabrela Voleano
Sedimentary Complex, in the west border of the
Ossa Morena Zone (OMZ), in Portugal, and in
shales of the La Codocera - Escusa belt, Serra de
Sao Mamede sincline (RODRIGUEZ, et al., 2007),
Central Iberian Zone (CIZ), are quite similar to
those obtained in the sediments of the same age
in the SPZ. This would suggest that the SPZ, OMZ
and the south border of the CIZ were close to each
other at this time.

6. CORRELATION WITH EUROPE

A number of palynological events recognised in the
Western Europe were identified in the SPZ. These
events, generally defined as the appearance or
disappearance of a single genus or whole comple-
xes of forms, provide important indicators in the es-
tablishment of global zonations (CLAYTON, 1985;
CLAYTON, 1996; CLAYTON et al., 2003; OWENS,
1996; OWENS at al., 2004; STREEL, 1996).

One event has local importance at the scale of SPZ
(in Portugal and Spain) and two events are locally
distinct and are correlated with goniatites control
points in the BAGF and SPS (see figures 2).

The most important events identified in the Wes-
tern Europe and recognised in SPZ are:

1. The first appearance of Geminospora lemura.
In SPZ the assemblages also typically contains
Aneurospora greggsii, Cymbosporites magnificus,
Grandispora protea, Retusotriletes rugulatus,
Verrucosisporites premnus and V. scurrus. This
event marks the base of the Lem subzone of
AD Biozone of lower Givetian age (STREEL et
al., 1987). According to LOBOZIAK & STREEL
(1980;1988;1989), STREEL & LOBOZIAK
(1987), G. lemurata first occurs not far from the
proposed base of the Givetian stage.

2. The first appearance of Grandispora cornuta,
together with other taxa that typically occur
at this level in SPZ, that includes Retusotriletes
phillipsii, Diducites versabilis and Rugospora
fexuosa. This event, with the same type as-
semblage is recognised in Western Europe and
marks the basal part of the VCo Biozone of up-
per Famennian age (MAZIANE et al., 1999).

3. First appearance of Grandispora echinata.
Assemblages in the SPZ also typically contain
consistently Ancyrospora? andevalensis, Cristi-
cavatispora dispersa, Rugospora explicata and
Teichertospora iberica at this level. It is worth
noting that this assemblage is currently only
documented in the SPZ and could represent
a local event. In addition, the appearance of
Grandispora echinata occurs immediately be-
fore the first inception of Retispora lepidophyta
in SPZ and Western Europe, at the upper Fa-
mennian age.



4. Extinction of Retispora lepidophyta. In Wes-
tern Europe this event is approximately at the
Devonian/Carboniferous boundary (PAPROTH
& STREEL, 1972; HIGGS & STREEL, 1984);

5. First appearance of Spelaeotriletes pretiosus,
marking the middle Tournaisian age, in Wes-
tern Europe;

6. First appearance of Lycospora pusilla. In
Western Europe it is approximately coincident
with the Tournaisian/Viséan boundary;

7. First appearance of Raistrickia nigra, toge-
ther with other taxa that typically occur at this
level in the SPZ, Propisporites laevigatus and
Densosporites spp. This event marks the mid up-
per Viséan in SPZ. This data is confirmed with
goniatites;

8. First appearance of Savitrisporites nux. This
local event is equivalent to the Western Europe
first appearance of Tripartites vetustus. In the
SPZ, the other taxa that typically occur with
the S. nux are Rotaspora spp. and Grandispora
spinosa of upper Viséan age;

9. Extinction of the characteristic Viséan
miospore species, Raistrickia nigra, Grandispora
spinosa, Rotaspora spp. and Crassispora maculo-
sa, analogous to the Viséan /Serpukovian boun-
dary of the Western Europe;

10. Appearance of the distinctive Bashkirian ge-
nus Reinschospora and increase on Crassispora
kosankei, representative of the lower Bashkirian
assemblages, similar to Western Europe;

11. First appearance of Radiizonates aligerens,
a type event for the upper Westphalian A in
Western Europe. It is also characterised by the
increase of Laevigatosporites and Cirratriradites
saturni;

12. First appearance of Torispora genus, mar-
king the basal Wesphalian C, as documented
for Western Europe;

13. First appearance of Thymospora spp. which
in Western Europe marks the basal part of the
Wesphalian D.
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7. SYNOPSIS OF THE SOUTH PORTUGUESE ZONE PALYNOS-
TRATIGRAPHY

Devonian and Carboniferous palynomorphs are
documented from all the geological domains rec-
ognised in the SPZ. For the first time, assessments
of all of the palynostratigraphic records obtained
in the SPZ are compared. Twenty three miospore
biozones are identified in the SPZ comprising
the identification of more than 150 Devonian
miospores and acritarchs species and more than
200 Carboniferous miospore species (PEREIRA et
al., 2007). Selection of the index species used for
the SPZ is based upon the consistent occurrence of
each taxon in several sections and boreholes.

The synopsis of the SPZ palynostratigraphy ob-
tained from all the geological domains recognised
allow the following conclusions. The general chron-
ostratigraphic correlation chart for all the domains
of the SPZ is represented in Figure 2.

1. Lower Givetian miospores assemblages were
recovered from the PQG in the Caveira and Sao
Francisco da Serra Anticlines.

2. Lower Frasnian miospore assemblages were
obtained from the PQG of the IPB, in Valverde
del Camino Anticline, SW Spain (LAKE, 1991;
GONZALEZ et al., 2004; GONZALEZ, 2005) and
appear as reworked assemblages at the top of
this same group. These Frasnian assemblages are
also comparable to those found in the Ribeira de
Limas and Gafo Fms. of the Pulo do Lobo Anti-
form (PEREIRA et al., 2006 a,b).

3. Upper Famennian assemblages in SPZ have a
consistent presence of the miospore species An-
cyrospora sp., Cristicavatispora dispersa, Rugospo-
ra explicata and Teichertospora iberica. These as-
semblages were recovered from the PQG and the
VSC (IPB) (GONZALEZ et al., 2004; PEREIRA et
al., 2004; 2007) and from the upper units of the
Pulo do Lobo Antiform (Horta da Torre, Santa
Iria and Represa Fms; PEREIRA et al., 2006
a,b).

4. Analogous late Strunian miospore assemblages
were determined from the IPB, the upper part of
the PQG (CUNHA & OLIVEIRA, 1989; OLIVEIRA
et al,, 2004; OLIVEIRA et al., 2005; MATOS et
al., 2006), and the VSC in Spain (GONZALEZ,
2005) and also from the Tercenas Formation in
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Southwest Portugal (Bordeira and Aljezur Anti-
clines).

5. Similarities in Upper Devonian miospore as-
semblages, strongly suggest that the Pulo do
Lobo basin, the IPB basin and Southwest Por-
tugal shallow siliciclastic basin were part of the
same palaeogeographic realm during the late
Devonian.

6. Records of Tournaisian palynomorphs from
the Bordalete Formation in Southwest Portugal
and reworked Tournaisian associations in the
VSC of the IPB show the presence of the same
taxa.

7. The VSC of the IPB yield miospores of late Fa-
mennian to mid/late Viséan age (OLIVEIRA et
al., 1986; OLIVEIRA et al., 2004; 2005; 2006;
PEREIRA et al., 2006; 2007). Mid/late Viséan as-
semblages appear to be very consistent along the
SPZ as the same assemblages are recorded from
the BAFG.

8. IMPLICATIONS ON THE SPZ TECTONOSTRATIGRAPHIC
AND GEODYNAMIC INTERPRETATION

Our comments are mostly centered on the Pulo do
Lobo Antiform and the Iberian Pyrite Belt domains
whose tectonstratigraphic and geodynamic inter-
pretation still remains doubtfull in some aspects.

As seen above (chapter 4.1) the Pulo do Lobo Do-
main was considered as a true anticline (PFEF-
FERKORN, 1968; SHERMERHORN, 1971; CAR-
VALHO et al., 1976), based on the assumption that
the lithostratigraphic units of both the north limb
(Ferreira-Ficalho Group) and the south limb (now
Changa Group) show strong lithological affinities
and similar Tournaisian to Viséan ages. SHERMER-
HORN (1971) also suggested that the Gafo Forma-
tion is a lateral equivalent of the Culm sediments
(present Mértola Formation) and CARVALHO et
al. (1976) admit the stratigraphic equivalence, al-
though diachronic, with the IPB. A distinct inter-
pretation has been given by OLIVEIRA et al. (1986)
who consider that the pairs Horta da Torre/Santa
Iria Formations (north limb) and Gafo/Atalaia
Formations (south limb) are older than the Pyrite
Belt succession (however age equivalence between
the Represa Formation and the PQG has been sug-
gested).

Our recent plynostratigraphic results (PEREIRA et
al., 2006 a,b) show that: the age of the Pulo do
Lobo and Atalaia Formations remains unknown;
the lower Frasnian and upper Fammennian ages
of the Ribeira de Limas/Gafo and Santa Iria/Horta
da Torre/Represa Formations, respectively, indi-
cate that they are separated by a hiatus of ca 14
My. This fact reinforces previous structural inter-
pretations that suggested the existence of an un-
conformity between the Santa Iria/Horta da Torre
Formations and the underlying Ribeira de Limas
Formation. The similar lithologies and ages of the
units on both limbs of this antiform allow strati-
graphic correlations among them which lead to the
conclusion that all are part of the same sedimen-
tary basin. Furthermore, the PQG sediments yield-
ed miospore assemblages of upper Famennian age
(the most common) complemented with the less
common lower Givetian age obtained in Sdo Fran-
cisco da Serra and Caveira regions (OLIVEIRA et
al. 2008), and lower Frasnian age in Spain (LAKE,
1991; GONZALEZ et al., 2004; GONZALEZ, 2005).
In spite of the superimposed Variscan tecton-
ism, all these data should permit the conclusion
that the units of the Pulo do Lobo Antiform and
the PQG were part of the same palacogeographic
realm during the Upper Devonian.

The units of the Pulo do Lobo Antiform were also
interpreted as an accretionary prism related to a
northward dipping subduction (MUNHA et al.,
1986; SILVA et al., 1990; FONSECA et al., 1993;
QUESADA et al., 1994). Although not denying the
existence of a northward subduction, PEREIRA et
al. ( 2006) have argued that only the Pulo do Lobo
Formation and the interbedded MORB-N basalts
were involved in the subduction process and that
the overlying units were laid down in a superim-
posed and discordant sedimentary basin devel-
opped after the subduction processes have ceased.
In this case, the oceanic basin in which the Pulo do
Lobo Formation sediments and basalts were laid
down was closed in pre-Lower Frasnian time. If
this suggestion is correct, the Pulo do Lobo sus-
pected terrain (RIBEIRO et al., 1990) should be
restricted to the Pulo do Lobo Formation.

The tectonostratigraphy and structure of the Ibe-
rian Pyrite Belt has been the aim of varied in-
terpretations, both in Portugal and Spain. In the
present work comments are mostly concentrated
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in the Portuguese part of the Belt. Until the work
of SCHERMERHORN (1971), the IPB was seen as
a succession of anticlines where the PQG appear
conformably overlain by the VSC and this by the
Culm sediments. This interpretation is still acceped
by many of the geologists working in the IPB (see,
for instance CARVALHO et al., 1999).

However SCHERMERHORN & STANTON (1969)
were the first to recognise folded overthrusts at
Aljustrel, an interpretation that they did not ex-
tend to other areas of the IPB. FANTINET (1971),
working in the Mértola region identified Variscan
thrusts in the Guadiana River valley. It was only
with the work by RIBEIRO et al., (1983), SILVA
& RIBEIRO (1983) later complemented by SILVA
(1989), SILVA et al. (1990) and OLIVEIRA & SIL-
VA (1990) that the IPB was interpreted as a thrust
sheet complex. At that time, OLIVEIRA (1990),
OLIVEIRA et al. (2005, 2006), divided the Iberian
Pyrite Belt in two main branches, north and south,
and this division is adopted in the present work.

The studied boreholes at the North Branch
(Chaparral, Albernoa, Serra Branca, Guadiana Ri-
ver and Sdo Domingos mine) and their structural
interpretation in the light of the palynological age
determinations, all show that the PQG sediments
tectonically overlay the VSC lithological succes-
sions, confirming so previous structural interpre-
tations. This tectonic boundary is called the Galé-
Cela overthrust (SILVA et al. 1990; OLIVEIRA &
SILVA, 1990). It is worth noting that in most of
the studied boreholes the stratigraphic succession
is up side down and affected by late faults. This
indicates that below the overthrust plane the litho-
logical sequence develops large recumbent folds
vergent to southwest. The case of the Guadiana
River section is important because the tectonic
boundary between the Mértola turbidites and the
VSC volcanogenic sediments (Mértola overthrust)
is supported by sedimentary (way up), palynos-
tratigraphic and structural criteria.

In the South Branch, dozens of boreholes were
studied in the Neves Corvo mine (OLIVEIRA et al.,
2004) and several at Aljustrel (still in progress),
Caveira mine, Sdo Francisco da Serra and Cercal.
In all these boreholes, the stratigraphic succes-
sion appears, as a whole, in normal stratigraphic
order, locally disrupted by Variscan reverse faults.
The case of the Neves Corvo mine is emblematic

because the extensional tectonism followed by
thrusting has been demonstrated with the support
of a very detailed palynostratigraphic research
(Figure 17).

Having the data derived from the boreholes study
in mind and also the regional geology it is possi-
ble to establish stratigraphic columns covering a
big part of the Portuguese IPB (Figure 29). The
chronostratigrafic ages of the North Branch units,
based on miospores, range from upper Famennian
to the mid upper Visean, with a generalized gap
of Tournaisian ages. In the South Branch the PQG
age spans from the lower Givetian to the Strunian,
but mid and upper Frasnian and lower Famennian
ages were not found, as well a Tournaisian ages.
The origin of the Devonian gaps is not yet clearly
understood. The absence of units of Tournaisian
age has been ascribed to a generalized submarine
erosion in the IPB (OLIVEIRA et al., 2004).

Recent U/Pb age determinations in zircons of the
felsic voleanics by ROSA et al. (2009) are ploted
in the corresponding stratigraphic columns (Figure
29). Comparing the absolute ages and the palynos-
tratigraphic ages it can be concluded that they do
not fit so well: in some cases (Cercal, Caveira) the
absolute ages are older than the palynostratigra-
phic ages; in the case of Albernda, they are young-
er. The progressive younging of the IPB volcanism
towards NE, as suggested by ROSA et al. (2009) is
not supported by the palynostratigraphic data.

From these columns it seems clear that the North
branch is dominated by a complex tectonism
where two major overthrusts are dominant. SILVA
(1989) has argued that the tectonic transport was
from NE, at least along 20 kms, but the root zone
of these overthrusts was not localized (nowadays
this author admit that the overthrusts are indeed
true gravity nappes, SILVA in OLIVEIRA & SILVA,
2007). The boundary between the Pulo do Lobo
Formation and the Gafo Formation has been refe-
red to be the root zone of the tectonic overthrusts,
a suggestion that is not in agreement with the
available stratigraphic and palynological data. As
far as we are concerned the root zone must be si-
tuated elsewhere between the Represa Formation
and the PQG.

The IPB structure in the South branch is less com-
plex. The stratigraphic units are arranged in nor-
mal order forming anticlines which in turn show



internal tectonic complications, most related to the
occurrence of reverse faults. The difference in the
tectonic styles between the North and the South
branches is related to the attenuated progression
of the orogenic wave towards SW.

Current work being developed in severeal sectors
and mining areas will follow up the presented
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data. This systemathic and detailed survey, based
in the logging and mapping of the most important
IPB sectors is essential for a better understanding
of the palaeogeographic and geodynamic develop-
ment of the South Portuguese Zone.



PART 2
SYSTEMATIC PALYNOLOGY

This part presents a systematic description of the
taxa recorded. Miospores are systematically organ-
ised under the supragenetic classification is that
proposed by NEVES & OWENS (1966) and SMITH
& BUTTERWORTH (1967). Morphological termi-
nology adopted here accords with the glossaries
by DETTMANN (1963), KREMP (1965), SMITH &
BUTTERWORTH (1967), and PLAYFORD & DETT-
MANN (1996). Micron is abbreviated to um.

Acritarchs are listed alphabetically under genus in
the absence of any widely accepted suprageneric
classificatory scheme. The majority of the taxa are
allocated to the incertae sedis “group” Acritarcha
Evitt, 1963, but others are considered attributable
to the green-algal class Prasinophyceae (following
TAPPAN,1980; NORRIS, 1980).

The miospore, prasinophytes and acritarch species
described are listed in Appendix 1. Stratigraphi-
cally important and typical taxa are illustrated in
Plates 1-17.

1. MIOSPORES
Anteturma SPORITES H. Potonié 1893
Turma TRILETES (Reinsch) Dettmann 1963

Suprasubturma ACAMERATITRILETES Neves &
Owens 1966

Subturma AZONOTRILETES (Luber) Dettmann,
1963

Infraturma LAEVIGATI Bennie & Kidston emend
R. Potonié 1956

Genus CALAMOSPORA Schopf, Wilson & Bentall
1944

Type species: Calamospora hartungiana Schopf in
Schopf, Wilson & Bentall 1944, by original desig-

nation.
Calamospora liguida Kosanke, 1950
Plate 1, Fig. 1
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1950 Calamospora liquida Kosanke, p. 54, pl. 9,
fig.5-6.

Dimensions: 55-88 um; 12 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas and Bordalete Formations
of SWP Domain (LN to PC Miospore Biozone, of
Strunian to Tournaisian age).

Genus LEIOTRILETES Naumova ex Ishchenko
1952

Type species: Leiotriletes sphaerotriangulatus
(Loose) R. Potonié & Kremp, 1954; by subsequent
designation of Potonié & Kremp (1954, p. 120).

Leiotriletes sp.
Plate 1, Figs. 2, 3

1980 Leiotriletes sp. A of Attar, Fournier, Candiller
& Coquel, pl. 1, fig. 17.

Description: Miospores radial, trilete. Amb subtri-
angular with slightly concave to straight sides and
rounded apices. Laesurae distinct, straight, almost
reaching equatorial margin, simple or with nar-
row labra 1-3 wm high. Exine 1-1.5 um thick, lae-
vigate.

Dimension: 50-60 pm; 15 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas, Bordalete and Murragio
Formations of SWP Domain (LN to NL Miospore
Biozone, of Strunian to Viséan age).

Leiotriletes struniensis Moreau-Benoit, 1979

Plate 1, Fig. 4

1979 Leiotriletes struniensis Moreau-Benoit, pp.
16-17; pl. 1, figs. 2, 3.



Description: Miospores radial, trilete. Amb trilo-
bate with barely concave interradii. Laesurae dis-
tinet, straight, almost reaching equatorial margin,
simple. Exine 1 um thick, laevigate.

Dimension: 90-105 um; 15 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt (LN Miospore Biozone).

Previous records: From upper Strunian (MOREAU-
BENOIT, 1979, ATTAR et al., 1980; ABDESSELAM-
ROUIGHI, 1996; LOBOZIAK et al., 1997; 2002).

Genus PLICATISPORA Higgs, Clayton & Keegan,
1988

Type species Plicatispora scolecophora (Neves & lo-
annides) Higgs, Clayton & Keegan, 1988

Plicatispora quasilabrata (Higgs) Higgs, Clayton &
Keegan, 1988

Plate 1, Fig. 5

1973 Cyclogranisporites sp. Warg & Traverse, pl.
1, fig.11.

1975 Pulvinispora quasilabrata Higgs, p.394, pl. 1,
fig.5,6 e 8.

1988 Plicatispora quasilabrata (Higgs) Higgs, Clay-
ton & Keegan, p.1, fig.11-12.

Description: Miospores radial, trilete. Amb subcir-
cular to subtriangular. Suturae straight, extending
almost to equatorial margin. Distinct by its large
and sparse distal folds.

Dimension: 40-75 um; 11 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas and Bordalete Formations
of the SWP Domain (LN to PC Miospore Biozones
of Strunian - Tournaisian age).

Previous records: From the uppermost Devonian
to lower Viséan (LL to Pu Miospore Biozones) of
Scotland and Ireland (NEVES et al., 1973; NEVES
& IOANNIDES, 1974; HIGGS et al., 1988) and
Poland (FILIPIAK, 2004). From Upper Devonian
in Spain (GONZALEZ et al., 2005) and Portugal

(PEREIRA, 1997, CLAYTON et al., 2002).

Plicatispora scolecophora (Neves & loannides)
Higgs, Clayton & Keegan, 1988

Plate 1, Fig. 6

1974 Pulvinispora scolecophora Neves & Toannides,
p- 74; pl. 1, figs. 9, 10.

1988 Plicatispora scolecophora (Neves & loan-
nides) Higgs, Clayton & Keegan, p. 51; pl. 1, figs.
10, 14.

Description: Miospores radial, trilete. Amb subecir-
cular to subtriangular, Laesurae distinct, straight,
extending almost to equatorial margin, simple or
accompanied by low (1.5 um high), narrow labra.
Contact areas bounded by curvaturae perfectae,
frequently invaginated in radial position. Exine,
laevigate to infrapunctate with 2-2.5 pm thick,
with narrow straight to sinuous, irregularly dis-
posed, commonly branching, distal folds 2-8 um
long.

Dimensions: 42.5-55.5 pum; 16 specimens.

Occurrence: Tercenas, Bordalete and Murragao
Formations of SWP Domain (LN to PC Miospore
Biozones of Tournaisian age and TK, NL of Viséan
age).

Previous records: From the uppermost Devonian
to lower Viséan (LL to Pu Miospore Biozones) of
Scotland and Ireland (NEVES et al., 1973; NEVES
& IOANNIDES, 1974; HIGGS et al., 1988) and
Poland (FILIPIAK, 2004). From Upper Devonian
of Spain (GONZALEZ et al., 2005) and Portugal
(PEREIRA, 1997, CLAYTON et al., 2002).

Genus PUNCTATISPORITES Ibrahim emend. R.
Potonié & Kremp, 1954

Type species: Punctatisporites punctatus (Ibrahim)
Ibrahim, 1933; by original designation.

Punctatisporites minutus Kosanke, 1950
Plate 1, Figs. 8, 9



1950 Punctatisporites minutus Kosanke, p. 32.

Description:Miospores radial, trilete. Amb circu-
lar to subcircular. Suturae simple, straight, length
one-half to three-quarters of spore radius in length.
Exine laevigate, 1.0-2.0 pm thick.

Dimensions: 24-32 um; 32 specimens.

Occurrence: Tercenas and Bordalete Formations
of SWP Domain (LN to PC Miospores biozones of
Tournaisian age).

Previous records: From the uppermost Devonian-
Tournaisian (LL-Pu Miospore Biozones) of Ireland
(HIGGS et al., 1988). From Lower Carboniferous
of Illineis Basin (KOSANKE, 1950), from the Michi-
gan Basin, USA (RICHARDSON, 2006). From Ser-
pukhovian-Bashkirian of the Upper Silesian Basin,
Czech Republic (BEK, 2008).

Punctatisparites planus Hacquebard, 1957
Plate 1, Fig. 7

1957 Punctatisporites planus Hacquebard, p. 308;
p. 1, figs. 7, 8.

Description: Miospores radial, trilete. Amb sub-
circular. Suturae distinct, simple, straight, length
one-half to three-quarters of spore radius. Exine
laevigate to slightly scabrate, about 2.0 pm thick,
with occasional equatorial folds.

Dimensions: 40-72 pm; 26 specimens.

Occurrence; Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt and Tercenas and Bordalete For-
mations of SWP Domain (VH to PC Miospore Bio-
ZONEs).

Previous records: From Upper Devonian to
Lower Carboniferous of Ireland and Great
Britain(PHILLIPS & CLAYTON, 1980; CLAYTON et
al., 1982; CLAYTON, 1986; HIGGS, 1975; HIGGS
& CLAYTON, 1984; HIGGS et al., 1988), Canada
(HACQUEBARD, 1957; PLAYFORD & MCGRE-
GOR, 1993), Germany (HIGGS & STREEL, 1984),
Portugal (PEREIRA, 1999), Spain (GONZALEZ et
al., 2005), Algeria (COQUEL & LATRECHE, 1989)
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and Lower Carboniferous (Tournaisian) of Bel-
gium (HIGGS, 1996), eastern U.S.A. (CLAYTON et
al., 1998) and Saudi Arabia (CLAYTON, 1995).

Punctatisporites irrasus Hacquebard, 1957
Plate 1, Fig. 11

1970 Punctatisporites cf. irrasus Dolby & Neves,
p.635, pl. 1, fig.1.

Description: Miospores radial, trilete. Amb subcir-
cular, suturae distinct, straight, simple often ac-
companied by narrow labra which are normally
gaping and darken along its length. Exine thick
(1-2 pm), laevigate to infrapunctate and large
compression folds common.

Dimensions: 45 - 72 pm; 23 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt, Tercenas and Bordalete Formation
of SWP Domain (LE to PC Miospore Biozones).

Previous records: Lower Carboniferous of Canada
(HACQUEBARD, 1957; PLAYFORD & MCGREGOR,
1993; UTTING, 1987) and Colombia (DUENAS &
CESARI, 2006). From upper Strunian to upper
Tournaisian of Ireland and Great Britain (CLAY-
TON et al., 1982; CLAYTON, 1986; HIGGS, 1975;
HIGGS & CLAYTON, 1984; HIGGS et al., 1988).

Infraturma RETUSOTRILETI Streel in Becker,
Bless, Streel & Thorez, 1974

Genus RETUSOTRILETES Naumova emend. Streel,
1964

Type species: Retusotriletes simplex Naumova, 1953;
by subsequent designation of Potoni¢ (1958, p.
13).

Retusotriletes crassus Clayton, Johnston, Sevas-
topulo & Smith, 1980

Plate 1, Fig. 17

1969 Phyllothecotriletes sp. n° 840 of Lanzoni &
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Magloire, pl. 1, figs. 3, 4. [no description]

1975 Retusotriletes sp. A of Higgs, p. 395; pl. 1,
figs. 9-13.

1980 Retusotriletes crassus Clayton, Johnston, Sev-
astopulo & Smith, p. 97; pl. 3, figs. D-H.

Desceription: Miospores radial, trilete, amb subcir-
cular to oval, suturae distinct, straight, simple, ex-
tending aproximatly three-quarters of spore radi-
us. Curvaturae perfectae well-defined, delimiting
the contact areas, exine 2- 2.5 um thick, laevigare
to slightly granulate. Contact areas thickened, ex-
tending three-quarters to four-fifths of spore ra-
dius.

Dimensions: 47.5 - 60 wm; 15 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas Formation (LN spore Bio-
zone).

Previous records: From the Upper Devonian-Low-
er Carboniferous of Germany (HIGGS & STREEL,
1984), Tournaisian of Belgium (HIGGS, 1996),
Saudi Arabia (CLAYTON, 1995), and Ghana (AT-
TA-PETERS & ANAN-YORKE, 2003). From the
LN-CM Miospore Biozones (Strunian-Tournaisian)
of England and Ireland (HIGGS, 1975; HIGGS &
CLAYTON, 1984; HIGGS et al., 1988). Very com-
mon in the upper Strunian (PEREIRA, 1997) of
Portugal.

Retusotriletes incohatus Sullivan, 1964
Plate 1, Fig. 16

1964 Retusotriletes incohatus (Sullivan) pl. 1,
fig.5-7, in Becker et al p.24.

1971 Retusotriletes incohatus (Sullivan) Paproth &
Streel, p.26, pl. 5.

1974 Aneurospora incohata (Sullivan) Streel in
Becker et al p.24.

Deseription: Miospores radial, trilete. Amb subcir-
cular to convexly subtriangular. Suturae distinct,
straight to slightly sinuous, simple, extending al-
most to equatorial margin and terminating in cur-
vaturae perfectae. Exine 1.0-2.5 um thick, laevi-
gate, contact areas laevigate, bounded by a darker
narrow equatorial region.

Dimensions: 42.5-67.5 pm; 252 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas and Bordalete Formation
(LN to PC Miospore Biozones).

Previous records: From the Upper Devonian to
Lower Carboniferous (lower Viséan) rocks, from
the northern hemisphere. In Porrugal this species
is very common in the Tournaisian of the Bord-
alete Formation (PEREIRA, 1997; 1999; PEREIRA
et al., 2007).

Retusotriletes phillipsii Clendening, Eames
&Wood, 1980

Plate 1, Figs. 18, 19

1974 Retusotriletes sp. A of Streel in Becker et al.,
p- 24; pl. 15, figs. 11, 12.

1980 Retusotriletes phillipsii Clendening, Eames &
Wood, pp. 15-20, pl. 1, figs. 1-9.

Description: Miospores radial, trilete. Amb sub-
circular to rounded-triangular. Suturae distinet,
straight, almost three quarters of spore radius in
length, bordered by narrow labra terminating in
curvaturae perfectae. Exine 2.5-3 pum thick, laevi-
gate. Contact areas sculptured with spread grana
and striae, straight to sinuous, in a radial distri-
bution. Proximal polar area triangular in outline,
relatively thin and bounded by a darkened band
up to 3.0-3.5 pm in width.

Dimension: 45-55 pm; 28 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt (VCo to LN Miospore Biozones).

Previous records: Retusotriletes phillipsii has been
previously recorded from Famennian sediments in
the United States (CLENDENING et al., 1980) and
Famennian strata in Belgium (BECKER et al., 1974
and CLAYTON et al., 1977). From Upper Devonian
of Ilberian Pyrite Belt in Spain (GONZALEZ et al.,
2005) and Portugal (PEREIRA et al., 2006).



Retusotriletes planus Dolby & Neves, 1970
Plate 1, Figs. 12-14

1966 Punctatisporites irrasus Hacquebard, Streel,
p-81,pl. 2, fig.26.

1969 Punctatisporites irrasus Hacquebard, Streel
em Bouckaert et al., pl. 93, fig.5.

1970 Retusotriletes planus Dolby & Neves, p.365,
pl. 1, fig.2.

Dimension: 42.5- 52.5 um; 56 specimens.

Remarks and Comparison: The specimens recorded
are similar to Punctatisporites irrasus Haquebard,
and Dolby & Neves (1970, p.635) regarded R. pla-
nus as “P. irrasus with curvaturae”.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Iberi-
an Pyrite Belt and Tercenas and Bordalete Forma-
tions (VCo-LN and VI-PC Miospore Biozones).

Previous records: From Strunian to Tournaisian of
Ireland (HIGGS, 1975; HIGGS & CLAYTON, 1984;
HIGGS et al., 1988), and Portugal (PEREIRA,
1997; 1999) and Lower Carboniferous of Canada
(HACQUEBARD, 1957; PLAYFORD & MCGREGOR,
1993; UTTING, 1987).

Retusotriletes rugulatus Riegel, 1973
Plate 1, Fig. 15

1973 Retusotriletes rugulatus Riegel, p. 82; pl. 10,
figs. 2-5.

1974 Stenozonotriletes extensus Naumova, Hamid,
pl. 10, fig.3.

For complete list see Mcgregor & Camfield 1982,
p.58.

Description: Miospores radial, trilete. Amb circular
to subcircular. Suturae distinct, simple, straight,
length almost one-half to three-quarters of spore
radius. Contact areas bounded by well defined
curvaturae perfectae. Exine 1.5-3.5 um thick, lae-
vigate, proximal radial rugulate sculpture with ribs
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or folds, less than 1.0. pum wide and high.
Dimensions: 40 - 65 pm; 8 specimens.

Occurrence: Phyllite-Quartzite Group (LN Miospore
Biozone).

Previous records: Devonian of Germany (RIEGEL,
1973), Canada (MCGREGOR, 1979; MCGREGOR
& CAMFIELD 1982; MCGREGOR & PLAYFORD,
1992) and Midle Devonian of Saudi Arabia (BREU-
ER et al., 2007, MARSHALL, 2007).

Retusotriletes triangulatus (Streel) Streel, 1964
Plate 1, Fig. 10

1964 Phyllothecotriletes triangulatus Streel, p.237,
pl. 1, fig.3-5.

1967 Retusotriletes triangulatus (Streel), p.24-25.

1976 Retusotriletes piperatus Playford, p.10-11,
pl1,fig.14,17.

Description: Miospores radial, trilete. Amb subcir-
cular to rounded-triangular. Suturae distinct, sim-
ple, straight in the apical area, defined near the
equator, length aproximatly four-fifths of spore ra-
dius and terminate in curvaturae perfectae. Exine
thin, laevigate, with darkened thicked apical zone
in the proximal pole. Large compression folds com-
mon.

Dimensions: 42.5-65 um; 16 specimens.

Occurrence: Phyllite-Quartzite Group and Terce-
nas Formation (LN Miospore Biozone),

Infraturma APICULATI Bennie & Kidston emend
R. Potonié 1956

Genus ACANTHOTRILETES Naumova emend Po-
tonié & Kremp 1954

Type species: Acanthotriletes ciliatus(?) (Knox) Po-
tonié & Kremp 1955

Acanthotriletes echinatus (Knox) Potonié & Kremp,
1955



Plate 2, Fig. 1

1950 Spinoso-sporites echinatus (Knox), p.313, pl.
17, fig.208.

1955 Acanthotriletes echinatus (Knox) Potonié &
Kremp, p.84.

Description: Miospores radial, trilete. Amb sub-
circular to rounded-triangular. Suturae indistinct
to distinct, simple, straight, length approximately
two-thirds of spore radius. Exine thin, ornamented
with spines (2-5 um long and 1 pm diameter), dis-
crete (3.0-5.0 um apart), projecting in number 30-
40 from the equatorial margin.

Dimensions: 20-38 pm; 21 specimens.

Occurrence: Quebradas and Brejeira Formations of
SWP Domain (NC to NJ Miospore Biozones, Serpu-
kovian to Moscovian).

Acanthotriletes persibus Higgs, 1975
Plate 2, Fig. 2

1975 Acanthotriletes persibus Higgs, p.359, pl. 1,
fig.14-16, 21.

Remarks: The specimens recorded conform with
those described by Higgs (1975). The species is
described by a subcircular amb with distinct com-
pression folds and bulbous based fine spinae.

Dimensions: 33-48 um; 63 specimens.

Occurrence: Bordalete Formation of Tournaisian
age (PC Miospore Biozone).

Previous records: From Strunian to Tournaisian of
Ireland (HIGGS et al., 1988).

Genus ANAPICULATISPORITES (Potonié & Kremp)
emend. Smith & Butterworth 1967

Type species: Anapiculatisporites isselburgensis Pot-
onié & Kremp 1954

Anapiculatisporites concinnus Playford, 1962
Plate 2, Fig. 3

Description: Miospores radial, trilete. Amb trian-
gular with ronded apices and convex to almost
straight sides. Suturae distinct, simple, more or
less straight, length three-quarters to four-fifths
of spore radius. Proximal surface laevigate, distal
surface bearing small uniform coni, 1.0-2.0 umin
length and 1.0-1.5 pum in basal diameter. Exine 1
pum in thickness, rarely folded.

Dimensions: 24-35.5 um; 6 specimens.

Occurrence: Murragdo Formation of Viséan age
(NL to NC Miospore Biozones).

Genus ANAPLANISPORITES Jansonius 1962

Type species: Anaplanisporites telephorus (Klaus)
Jansonius 1962

Anaplanisporites baccatus (Hoffmeister, Staplin &
Malloy) Smith & Butterworth, 1967

Plate 2, Fig. 4

1955 Punctatisporites ? baccatus Hoffmeister, Stap-
lin & Malloy, p.392, pl. 16, fig.2.

1958 Apiculatisporites baccatus (Hoffmeister, Sta-
plin & Malloy) Butterworth & Williams, p.363, pl.
1, fig.25.

1967 Anaplanisporites baccatus (Hoffmeister, Sta-
plin & Malloy) Smith & Butterworth, p.166-167,
pl. 7, fig.2.

Description: Miospores radial, trilete. Amb circular
to rounded triangular with slightly convex sides.
Suturae distinet, length about the equator, bor-
dered by low ray folds and ending in curvaturae.
Distal surface ornamented with closely spaced,
coni of 2 um height. Exine folded.

Dimensions:25-36 pm; 12 specimens.

Occurrence: Bordalete Formation of Tournaisian
age (VI to PC Miospores Biozone), Murracio, Que-
bradas and Brejeira Formation. Very common in
the Bashkirian (Ra Miospore Biozone).



Genus APICULIRETUSISPORA Streel emend Streel
1967

Type species: Apiculiretusispora brandtii Streel
1964; by original designation.

Apiculiretusispora brandtii Streel, 1964
Plate 2, Fig. 9

Description: Miospores radial, trilete. Amb subeir-
cular to rounded subtriangular. Suturae sinuous,
equal spore radius, accompanied by labra 0.8-1.2
um high ending in curvaturae perfectae coincident
with the equator. Contact areas laevigate, but with
a triangular thickening centered on the proximal
pole (observed as a darker area). Exine laevigate,
0.5-1.2 wm in thickness. Exine distally covered by
short spines and microconi, 0.5-1.0 um in height.
Dimensions: 45-60 pm; 17 specimens.

Occurrence: Phyllite-Quartzite Group in S. Fran-
cisco da Serra (AD Miospore Biozone, subzone
Lem).

Apiculiretusispora fructicosa Higgs, 1975
Plate 2, Figs. 5-8

1962 Retusotriletes verrucosus Caro-Moniez, pl. 1,
fig.1-2.

1974 Apiculiretusispora verrucosa (Caro-Moniez)
Streel in Becker et al., p.24.

1975 Apiculiretusispora fructicosa Higgs, p.395, pl.
1, fig.23-25.

Description: Miospores radial, trilete. Amb subcir-
cular to rounded subtriangular. Suturae distinct,
simple, straight, length three-quarters to four-fifths
of spore radius, ending in curvaturae perfectae. Ex-
ine, 2 pm thick, densely sculptured with coni, pila
and short bacula, elements discrete with rounded
or flattened tops, 1.5-3.5 pm in width.

Dimensions: 55-78.5 um; 32 specimens.

Occurrence: Tercenas Formation of SWP Domain
of Strunian age (LN Miospore Biozone).

Previous records:From Strunian to Tournaisian

T

of Ireland (HIGGS, 1975; HIGGS et al., 1988), of
Great Britain (HIGGS & CLAYTON, 1984) and of
Belgium (MAZIANE et al., 1999).

Genus CADIOSPORA (Kosanke) Venkatachala &
Bharadwaj 1964

Type species: Cadiospora magna Kosanke 1950

Cadiospora magna Kosanke, 1950
Plate 2, Fig. 13

1950 Cadiopora magna Kosanke, p.50, pl. 16,
fig.1.

Description: Miospores radial, trilete. Amb circular
to subtriangular, crenulate margin. Suturae with
prominent dark thickenings, straight, extending
almost to the equator, ending in a interradial cur-
vaturae. Exine 5.0-10.0 um in thickness, laevigate
to punctate to finely granulose, ornamented with
small closely spaced grana of variable size, less
than 0.5 pm in height. A single compression fold
occurs in the region of the curvaturae.

Dimensions: 68-72.5 pum; 7 specimens.

Occurrence: Brejeira Formation of BAFG, guide
specie for the base of OT, Miospore Biozone.

Genus CAMPTOTRILETES Naumova emend Po-
tonié & Kremp 1954

Type species: Camptotriletes corrugatus (Ibrahim)
Potonié & Kremp 1954

Camptotriletes paprothii Higgs & Streel, 1984
Plate 2, Fig. 11

1984 Camptotriletes paprothii Higgs & Streel,
p.169, pl. 1, fig.9-16.

Description: Miospores radial, trilete. Amb subeir-
cular to rounded subtriangular. Suturae simple,
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straight, extending almost to the equator. Exine
1.0-2,0 pm in thickness, ornamented with small
irregular cristae and discrete wide based spinae,
1-2.5 um in height and variable length, densely
distributed over the distal surface, proeminent at
the equator and reduced on the proximal surface.

Dimensions: 45-58 pm. 18 specimens.

Occurrence: Bordalete Formation of Tournaisian
age (VI to PC Miospore Biozones).

Genus CRASSISPORA Bharadwaj emend Sullivan
1964

Type species: Crassispora ovalis Bhardwaj, 1956;
by original designation.

Crassispora catenata Higgs, 1975
Plate 2, Fig. 12

1975 Crassispora catenata Higgs, p.396, pl. 2,
figl-3.

Description: Miospores radial, trilete. Amb subcir-
cular to rounded subtriangular. Suturae distinct,
straight, extending almost to equator, bordered by
narrow labra (1 um wide). Exine two layered. In-
texine perceptible, thin (0.5-0.8 gm thick), laevi-
gate, occupying 90-95% of overall spore diameter,
outline, in polar aspect, conformable with amb.
Exoexine 2.0-2.5 pm thick, proximal surface lae-
vigate, distal surface and equator sculptured with
small, densely packed, mostly rounded coni and
spines 1.0-2.5 um high, with rounded bases (0.5-
1.5 um in diameter).

Dimensions: 45-72.5 wm; 5 specimens.

Occurrence: Represa Formation of Pulo do Lobo
Formation and Tercenas Formation (LN Miospore
Biozone).

Crassispora kosankei Potonié & Kremp emend
Bharadwaj, 1957

Plate 2, Fig. 14

1955 Planisporites kosankei Potonié & Kremp,

p.71, pl. 13, fig.208-213.

1957 Planisporites ovalis Bharadwaj, p.86, pl. 23,
fig.9-10.

1957 Crassispora ovalis Bharadwaj, p.126, pl. 25,
fig.73-76.

1957 Crassispora kosankei Potonié & Kremp emend
Bharadwaj, p.127.

1957 Apiculatisporites apiculatus (Ibrahim) Dybova
& Jachowicz, p.87, pl. 15, fig.1-4.

Description: Miospores radial, trilete. Amb subeir-
cular to rounded subtriangular. Suturae indistinct,
straight, extending almost to equator, generally
with folds, gape open in a distinctive triangular
aperture in the polar region. Exine, finely orna-
mented with grana with equatorial crassitude of
5-10 um thinckness. Distal surface ornamented
with coni, up to 2 um high irregularly distributed
and discrete (5 pm).

Dimensions: 48-62.5 um; 39 specimens.

Occurrence: Quebradas Formation of SWP Do-
main and Xistos das Abertas Formation in Cercal
Anticline, of Bashkirian age. Guide species for the
KV Miospore Biozone.

Crassispora maculosa (Knox) Sullivan, 1964

Plate 2, Figs. 15-16

1950 Verruco-sisporites maculosus Knox, p.318.

1955 Apiculatisporis maculosus (Knox) Potonié &
Kremp, p.78.

1964 Crassispora maculosa (Knox) Sullivan, p.376,
pl. 60, fig.14-15.

Description: Miospores radial, trilete. Amb subcir-
cular to rounded subtriangular. Suturae straight,
simple, extending at least four-fifths of spore ra-
dius, terminating in curvaturae perfecta. The equa-
tor surface are thickened relative to the proximal
surface. Combination of curvaturae with equato-
rial thickening often produces a dark zone at equa-
tor, up to 10 um in width. Distal surface sculptured



with small discrete coni and rare verrucae, up to
2.5 um high.

Dimensions: 67.5-100 um; 8 specimens.

Occurrence: Bordalete Formation of SWP Domain-
Sector, Mértola Formation of BAFG. In SWP Do-
main occurs in the Brejeira Formation in Miospore
Biozone Ra, interpreted as a reworked element.

Genus GRANULATISPORITES Ibrahim emend Po-
tonié & Kremp 1954

Type species: Granulatisporites granulatus Tbrahim
1933

Granulatisporites microgranifer Ibrahim, 1933
Plate 2, Fig. 10

1933 Granulati-sporites microgranifer Ibrahim, p.
22, pl. 5, fig.32.

1938 Azonotriletes microgranifer (Ibrahim) Luber
in Luber & Waltz, p.7, fig.92.

Description: Miospores radial, trilete. Amb round-
ed to concave triangular. Suturae straight, simple,
often gapping, extending at least three-quarters of
spore radius. Exine 1pm thick sculptured with gra-
na which are less that 1um in size. Grana of even
distribution and variable density.

Dimensions: 32.5-40 um; 63 specimens.

Occurrence: Bordalete Formation, PC Miospore
Biozone.

Genus LOPHOTRILETES (Naumova) Potonié &
Kremp 1954

Type species: Lophotriletes gibbosus (Ibrahim) Pot-
onié & Kremp 1954

Lophotriletes commissuralis (Kosanke) Potonié &
Kremp, 1955

Plate 3, Fig. 1

1950 Granulatisporites comminsuralis Kosanke,
p-20, pl. 3, fig.1.

1955 Lophotriletes commissuralis (Kosanke) Pot-
onié & Kremp, p.73, pl. 12, fig.222-223.

Description: Miospores radial, trilete. Amb round-
ed triangular, angles rounded, sides concave.
Suturae distinct, extending for three-quarters of
spore radius, margin slightly raised in part broken
by granulations, Exine 1.0-2.0 um thick, coarsely
granulate, with closely separated grana and small
spines of 2.0 um in basal diameter.

Dimensions: 24-35 uwm; 13 specimens.

Occurrence: Quebradas and Brejeira Formations of
SWP Domain (NC to NJ Miospore Biozones, Serpu-
kovian to Moscovian).

Lophotriletes gibbosus (Ibrahim) Potonié & Kremp,
1954

Plate 3, Figs. 2, 3

1933 Verrucosi-sporites gibbosus Ibrahim, p.25, pl.
6, fig.49.

1938 Azonotriletes gibbosus (Ibrahim) Luber &
Waltz, pl. 7, fig.91.

1944 Granulati-sporites gibbosus (Ibrahim) Schopf,
Wilson & Bentall, p.33.

1950 Verrucosi-sporites gibbosus (Ibrahim) Knox,
p.317, pl. 17, fig.232.

1954 Lophotriletes gibbosus (Ibrahim) Potonié &
Kremp, p.129, pl. 14, fig.220.

Description: Miospores radial, trilete. Amb rounded
triangular, sides concave, angles markedly round-
ed. Suturae distinct, extending for two-thirds of
spore radius, margin slightly raised in part broken
by granulations. Exine 1.0-2,0 um thick, sculptured
with coni (3-4.5 um high and 2-4 um basal diam-
eter) rounded apices, about 40 projecting from the
equator. The narrow spaces between the coni give
rise to a negative reticulum.

Dimensions: 40-50 pm; 7 specimens.



74

Occurrence; Brejeira Formation (SS to OT Miospore
Binzones).

Genus NEORAISTRICKIA Potonié 1956

Type species: Neoraistrickia truncatus (Cookson)
Potonié 1956

Neoraistrickia cymosa Higgs, Clayton & Keegan,
1988

Plate 3, Figs. 4, 5

1966 Raistrickia sp. Doubinger & Raucher, p. 337,
pl 4, fig 4.

1969 Raistrickia sp N° 2928 Lanzoni & Magloire,
pl. 4, fig 17-18.

1975 Schopfites sp A Higgs, p. 397, pl. 2, fig 8

1979 Ceratosporites sp. A Van der Zwan, pl. 4, figs
6-8, pl. 5, figs 7-8

1988 Neoraistrickia cymosa Higgs, Clayton &
Keegan, p. 55, pl. 4, fig.3-5.

Description: Miospores radial, trilete. Amb convex-
ly triangular. Suturae distinct to unclear, simple,
often gaping, straight, extending at least three-
quarters of spore radius Exine 1.0-1.5 pum thick.
Distal surface sculptured with irregular shaped
bacula few verrucae and coni. Elements subcircu-
lar to irregular in basal outline, often coalescent,
with parallel sides and flattened, rounded or point-
ed tops of 2-6 um length and 2.5-4.5 um basal di-
ameter.

Dimensions: 34-52.5 um; 12 specimens.

Occurrence: Bordalete Formation (HD to PC
Miospore Biozones).

Neoraistrickia logani (Winslow) Coleman &
Clayton, 1987

Plate 3, Figs. 6,7

1962 Granulatisporites logani Winslow p.62-63, pl.

22, fig 10-11.

1987 Neoraistrickia logani (Winslow) Coleman &
Clayton pl. 1, fig. 5-8.

Desecription: Miospores radial, trilere. Amb tri-
angular with straight, slightly concave or convex
rounded sides. Suturae bordered by narrow labra
2.0-3.0 pm in widht and extending three-quarters
of spore radius. Exine 2.0-3.0 um thick bearing
well spaced discrete biformed elements and conate
elements. These have generally 1.0-2.2 pm height
and 2.0-5.0 pum diameter, surmounted by conus
or baculum of 1.5-3.5 pm in height, with convex
or straight sides and rounded terminations. Coni
with 2.5-3.5 pm in width. Ornaments mainly dis-
tributed on the distal surface and equator, rare on
proximal surface.

Dimensions: 55-80 pum; 12 specimens.

Occurrence: Bordalete Formation (PC Miospore
Biozone).

Genus PUSTULATISPORITES R. Potonié & Kremp
emend Imgrund 1960

Type species: Pustulatisporites pustulatus R. Pot-
onié & Kremp, 1954; by original designation.

Pustulatisporites dolbii Higgs, Clayton & Keegan,
1988

Plate 3, Fig. 8

1970 Pustulatisporites cf. gibberosus (Hacquebard)
Playford; Combaz & Streel, p. 230; pl. 3, fig. 2.

1975 Pustulatisporites sp. A of Higgs, p. 396; pl.
2, fig. 4.

1988 Pustulatisporites dolbii Higgs, Clayton &
Keegan, p. 56; pl. 4, figs. 6, 9, 10.

Description: Miospores radial, trilete. Amb round-
ed subtriangular to subcircular. Suturae distinet,
straight, length at least three-quarters of spore
radius, simple or with narrow labra. Exine 1.0-
2.5 pm thick. Proximo-equatorial and distal exine



sculptured with irregular, discrete or rarely coales-
cent verrucae and spinae. Elements 1.5-3.0 um in
height, with subecircular to irregularly polygonal
bases 2.0-7.0 um in basal diameter and spaced up
to 5.0 um apart.

Dimensions: 45-60 um; 26 specimens.

Occurrence: Tercenas and Bordalete Formation
(LN to PC Miospore Biozone).

Previous records: From the Upper Devonian of
France (COMBAZ & STREEL, 1970) and Belgium
(HIGGS, 1996); and Upper Devonian to Lower
Carboniferous of Ireland (HIGGS et al., 1988);
Germany (HIGGS & STREEL, 1984), Poland (FILI-
PIAK, 2004), and Canada (PLAYFORD & MCGRE-
GOR, 1993), Upper Devonian Spain (GONZALEZ
et al., 2005).

Genus RAISTRICKIA Schopf, Wilson & Bentall
emend. R. Potoni¢ & Kremp 1954

Type species: Raistrickia grovensis Schopfin Schopf,
Wilson & Bentall 1944

Raistrickia aculeata Kosanke, 1950

Plate 3, Fig. 9

1950 Raistrickia aculeata Kosanke, p.46, pl. 10,
fig.9

Description: Miospores radial, trilete. Amb round-
ed subtriangular to subcircular. Suturae distinet,
to obscure, extending two-thirds of spore radius.
Exine thickness of 2 um, totally covered by non
pointed elements such as bacula or pila processes.
Ornamentation is composed of elements 7.0-10.0
pm in length and 2.0-2.5 pm in height, with paral-
lel sides.

Dimensions: 37.5-47.5 um; 4 specimens.

Occurrence: Brejeira Formation, of BAFG (OT
Miospore Biozone).

Raistrickia clavata Hacquebard emend. Playford,
1964
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Plate 3, Fig. 10

1957 R. clavata Hacquebard, p.310, pl1, fig 25

1957 R. pistillata Hacquebard, p.310-311, pl2, fig
2

1964 R. clavata Hacquebard, emend Playford,
p.24-25, pl6, fig 5-10

Description: Miospores radial, trilete. Amb rounded
to convexly triangular. Suturae distinct or obscure
by ornamentation, extending three-quarters of the
spore radius. Exine thickness of 2.0-3.0 pm, and
densely ornamented, with discrete mainly short
club shaped processes and bacula, 5.0-10.0 ym in
height, 2.0-4.0 um, wide at base, usually widening
into bulbous or flattened tops 3.5 -6.0 wm width.

Dimensions: 55-85 pm; 27 specimens.

Occurrence: Bordalete Formation (PC Miospare
Biozones).

Raistrickia variabilis Dolby & Neves, 1970
Plate 3, Fig. 11

1967 Raistrickia sp. Neves & Dolby, pl. 1, fig. 4.

1970 Raistrickia variabilis Dolby & Neves, p. 636,
pl. 1, fig.6.

Description: Miospores radial, trilete. Amb subcir-
cular. Suturae distinct or obscure by ornamenta-
tion, simple or labrate, extending three-quarters
of the spore radius. Exine thickness of 2.0-3.0 um,
densely ornamented, with dense and prominent
omament of bacula (8.0-18.0 gm in height, 2.0-
6.5 um in width). Bases of bacula wide and gener-
ally coalescent. Processes parallel sided and often
tapering, occasionally constricted near the tops.
Bacula terminate in truncate, rounded pointed or
multifurcate tops.

Dimensions: 62-80 um; 5 specimens.

Occurrence: Phyllite-Quartzite Group (LN Miospore
Biozones). Very common in the Neves Formation
of Neves Corve mine.
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Raistrickia fulva Artuz, 1957
Plate 3, Fig. 12

1957 Raistrickia fulva Artuz, pl. 3, fig.19.

Description: Miospores radial, trilete. Amb subcir-
cular to subtriangular. Suturae distinct or obscure
by ornamentation, extending two-thirds to three-
-quarters of the spore radius. Exine thickness of
5.0-6.0 um, ornamented with dispersed bacula and
coni and verrucae (2.5-5.0 pm in height, 5.0-10.0
pm in width).

Dimensions: 35-57.5, 35 specimens.

Occurrence: Brejeira Formation of BAFG (FR to Ra
Miospore Biozones).

Raistrickia nigra Love, 1960
Plate 3, Fig. 13-14

1960 Raistrickia nigra Love, p. 54.

Description: Miospores radial, trilete. Amb subeir-
cular to subtriangular. Suturae distinct or obscure
by ornamentation, simple, extending two-thirds
to three-quarters of the spore radius. Exine thick-
ness of 1.0-3.0 um, ornamented with disperse and
important bacula elements with rounded edges,
plane tops, and sporadically with coni as biform
spines (2.0-5.5 um in height and evenly spaced,
3.0-5.5 pum in the distal surface and around 5.0-7.0
wm at the equator).

Dimensions: 35-57 um; 47 specimens.

Occurrence: Volcano Sedimentary Complex of the
Iberian Pyrite Belt, Mértola Formation of BAFG
and Murragao Formation of the SSW (Key species
of NL Miospore Biozone of lower mid Viséan age).

Genus SCHOPFITES Kosanke 1950
Type species: Schopfites dimorphus Kosanke 1950

Schopfites claviger Sullivan emend. Higgs, Clayton

& Keegan, 1988
Plate 4, Fig. 1

1968 Schopfites claviger Sullivan, p.121, pl. 25,
fig.1-10.

1988 Schopfites claviger Sullivan emend. Higgs,
Clayton & Keegan, p. 59, pl. 5, fig.6-8, 13.

Description: Miospores radial, trilete. Amb sub-
circular to circular. Suturae indistinct to distinct
extending almost to equator. Intexine thickness of
1.0-1.5 pm, indistinct to distinct conformable with
the amb. Distal surface and equator ornamented
with pila, rounded bacula and rare coni and ver-
rucae (1.0-4.5 pum in height and 0.5-3.0 gm in
width). Exoexine 1.0-2.0 in thickness, ocasionally
folded. Intexine and proximal surface laevigate.

Dimensions: 40-52 pm; 11 specimens.

Occurrence: Murragido Formation of SWP Domain,
interpreted as reworked.

Previous records: From Tournaisian of Ireland
(CLAYTON, 1971; HIGGS, 1975; HIGGS et al.,
1988). From Viséan of Portugal (PEREIRA, 1997,
1999).

Schopfites delicatus Higgs, 1975
Plate 4, Fig. 2

1975a Schopfites delicatus Higgs, p.24, pl. 2, fig.6.

Description: Miospores radial, trilete. Amb sub-
circular to circular. Suturae indistinct to distinct,
straight, extending almost to equator, with ray
folds up to 3.5-4.0 um in height. Exoexine 1.0-2.0
pm in thickness and folded. Intexine thickness of
1.0-1.5 pm, indistinct to distinct more or less con-
formable with the amb. Distal surface and equator
sculptured with a fine ornamentation of pila and
rare rounded bacula (0.5-3.5 um in height and 0.5-
1.0 pm in width). Intexine and proximal surface
laevigate.

Dimensions: 40-60 um; 9 specimens.



Occurrence: Bordalete Formation of SWP Domain
of Tournaisian age (PC Miospore Biozone).

Genus UMBONATISPORITES Hibbert & Lacey
1969

Type species: Umbonatisporites variabilis Hibbert
& Lacey 1969

Umbonatisporites distinctus Clayton, 1971
Plate 4, Fig. 4

1960 Apiculatisporites sp. Balme, p.28, pl. 4, fig.10-
i

1971 Umbonatisporites distinctus Clayton, p.591,
pl. 4, fig.4-6.

1971 Acanthotriletes turriculaeformis Kremp &
Playford in Playford, p.20, pl. 6, fig. 7-15.

Description: Miospores radial, trilete. Amb subcir-
cular to circular. Suturae indistinct to distinet, sim-
ple, straight, extending almost to equator. Exine
thin, ornamented distally with processes of basal
diameter 0.5-1.5 pm and 3-7.5 um in lenght. Pro-
cesses have a characteristic shape and regular dis-
trubution. Proximal surface laevigate.

Dimensions: 60-98 um; 6 specimens.

Oceurrence: Bordalete Formation of SWP Domain,
(HD to PC Miospore Biozones). In SWP Domain
the specimens evidenced in HD Miospore Biozone
showed higher dimensions (85-98 um) as com-
pared with the specimens recovered from the PC
Miospore Biozone (60-75 pum).

Genus VERRUCIRETUSISPORA Owens 1971

Type species:Verruciretusispora robusta Owens,
1971

Verruciretusispora loboziakii Higgs & Finucane,
2002

Plate 4, Fig. 3
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1980 Verruciretusispora famenensis (Kedo, 1963)
Massa, Coquel, Loboziak and Taugourdau-Lantz,
p-144, pl. IV, figs14-15.

2002 Verruciretusispora loboziakii Higgs & Finu-
cane, pl. 1, figs. 1-5, 9, 11,

Description: Miospores radial, trilete. Amb subcir-
cular to subtraingular. Suturae distinct, straight,
bordered by labra (1.0-2.0 pm in width, ex-
tending almost to equator were terminates in well
defined curvaturae. Exine 2.0 um thick and darker
at the equator due concentration of the ornament.
Contact area laevigate. Distal surface and proximal
surface outside the contact area ornamented with
small verrucae (1.0-2.5 um) and rugulae (1.5-3.0
pm), ornament discrete, closely spaced and ocas-
sionally coalescent.

Dimensions:25-45 um; 7 specimens.

Occurrence: Ribeira de Limas and Gafo Formations
of Pulo do Lobo domain (BJ Miospore Biozone).

Previous records: Upper Famennian of Western
Lybia (MASSA et al., 1980; COQUEL & MOREAU-
BENOIT, 1986), Algerian Sahara (ATTAR et al.,
1980; COQUEL & LATRECHE, 1989; ABDESSE-
LAM-ROUIGHI & COQUEL, 1997), Iran (COQUEL
et al., 1977) and Saudi Arabia (CLAYTON et al.,
2000), Turkey (HIGGS et al, 2002), Portugal
(PEREIRA et al., 2006) and Argentina (NOETIN-
GER & PASQUO, 2007).

Genus VERRUCOSISPORITES Ibrahim emend.
Smith & Butterworth, 1967

Type species: Verrucosisporites verrucosus (Ibra-
him) Ibrahim, 1933; by original designation.

Verrucosisporites bulliferus Richardson & McGre-
gor, 1986

Plate 4, Fig. 5

Description: Miospores radial, trilete. Amb subcir-
cular to convexly subtriangular. Suturae straight,
simple, distinct or obscured by sculpture, length of
three-quarters of spore radius. Exine 2.5-3.0 um in
thickness, ornamented with verrucae flat topped
or rounded topped (2.0-3.5 pm in basal diame-
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ter, 0.5-1.5 um in height) irregularly distributed.
In plan view range from circular to polygonal in
shape.

Dimensions: 35-48 um; 19 specimens.

Occurrence; Ribeira de Limas Formation of Pulo
do Lobo domain.

Verrucosisporites congestus Playford, 1964
Plate 4, Figs. 6, 7

1964 Verrucosisporites congestus Playford, p.13, pl.
2, fig.11-13.

1980 Verrucosisporites congestus Playford; Van der
Zwan, p.215-216, pl. 25, fig.1-5.

1988 Verrucosisporites nitidus (Naumova) Play-
ford; Higgs et al., p.62, pl. 6, figl.

Description: Miospores radial, trilete, Amb sub-
circular. Suturae simple, straight, distinet, lenght
three-quarters of spore radius, frequently obscured
by ornament. Exine 3.0-5.5 um in thickness. Dis-
tal surface ornamented with large verrucae (more
than 8 um in basal diameter), irregularly distrib-
uted on both surfaces distal and proximal.

Dimensions: 55-65 um; 46 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Verrucosisporites irregularis Phillips & Clayton,
1980

Plate 4, Fig. 8

1980 Verrucosisporites irregularis Phillips & Clay-
ton, pl. 3, Figs.

Description: Miospores radial, trilete. Amb sub-
circular. Suturae simple, straight, distinct, lenght
one-half to three-quarters of spore radius. Exine
2.0-4.0 wm in thickness. Distal surface ornamented
with verrucae (1-9 pum in basal diameter, around
3 pm height and spaced 1-6 um). Verrucae subcir-
cular to irregular in shape and rounded in outline.
Short ridges formed by the fusion of adjacent ver-

rucae are very frequent.
Dimensions: 40-78 um; 28 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Verrucosisporites nitidus Playford, 1964
Plate 4, Figs. 9, 10

1953 Lophotriletes grumosus Naumova, p.57, pl. 7,
fig.14-15.

1964 V. grumosus (Naumova) Sullivan p.1252-
1253, pl. 1, fig.9-15.

1980 Verrucosisporites nitidus (Naumova) Play-
ford; Van der Zwan, p.126, pl. 24, fig.1-5.

1988 Verrucosisporites nitidus (Naumova) Play-
ford; Higgs et al., p. 62, pl. 6, fig.2-4.

1988 Verrucosisporites nitidus (Naumova) Play-
ford; Avchimovitch et al., p.175, pl. 2,fig.5,6.

1990 Verrucosisporites mesogrumosus (Kedo) By-
vscheva; Clayton &Turnau, pl. 2, fig.4,6.

Description: Miospores radial, trilete. Amb subeir-
cular., Suturae simple, straight, distinct or obscured
by ornament, reaching at least three-quarters of
the spore radius. Exine thick (1.5-4.5 ym), oma-
mented with dense to sparsely verrucae. Verrucae
discrete subcircular to irregular polygonal in ba-
sal outline often dense forming negative reticulum
with rounded flat tops (2.0-12.0 um in basal diam-
eter; 2.0-7.0 um in height).

Dimensions: 35-70 um; 68 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt, Tercenas and Bordalete Formations of
SWP Domain (LN to PC Miospore Biozones).

Previous records: From upper Frasnian to Viséan
worldwide deposits (BERTELSEN, 1972, PLAY-
FORD, 1991, CLAYTON, COQUEL et al., 1977,
HIGGS & STREEL, 1984, HIGGS et al., 1988,
PEREIRA, 1997, 1999; GONZALEZ et al., 2005,
PEREIRA et al., 2006; 2007).

Verrucosisporites premnus Richardson, 1965



Plate 4, Fig. 11

1965 Verrucosisporites premnus Richardson, p. 572,
PL. 90, figs. 1,2.

1965 Raistrickia sp. A, Richardson, p. 572, PL. 90,
fig. 3.

1965 Raistrickia cf. clavata, Hacquebard, Richard-
son, p. 575, PL. 90, fig. 5.

Description: Miospores radial, trilete. Amb subcir-
cular to rounded subtriangular. Suturae simple,
straight, distinct or obscured by ornament, rea-
ching at least three-quarters of the spore radius.
Exine thick (3-5.5 um), ornamented, in distal and
equatorial regions, with proeminent bacula, ver-
rucae and spatulate elements, with flatted or less
commonly rounded tops, greatly varied in size and
shape on each specimen, 3.0-16.0 pm high and
3.0-15.0 um wide at base. Verrucae discrete sub-
circular to irregular polygonal in basal outline of-
ten forming negative reticulum with rounded flat
tops (2.0-12.0 um in basal diameter; 2.0-7.0 pm
in height). The largest elements commonly occur
at the equator, and asymmetrically distributed in
polar view. Elements widely or closed spaced, dis-
crete or joined in small groups.

Dimensions:31-65 um; 23 specimens.

Occurrence: Ribeira de Limas Formation of Pulo do
Lobo Domain, Phyllite-Quartzite Group of Iberian
Pyrite Belt (BM and VCo-VH Miospore Biozones).

Previous records: From Middle to lower Upper Dev-
onian strata (NAUMOVA, 1953; RICHARDSON,
1965; ALLEN, 1965; SMITH, 1971; MCGREGOR &
CAMFIELD, 1982; RICHARDSON & MCGREGOR,
1986; PEREIRA et al., 2006).

Verrucosisporites scurrus (Naumova) McGregor &
Camfield, 1982

Plate 4, Figs. 12, 13

1982 Verrucosisporites scurrus (Naumova) McGre-
gor & Camfield, pp. 61- 62; pl. 18, figs. 10-17,
22,

For further synonymy see McGregor & Camfield
(1982, pp. 61-62).
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Description: Miospores radial, trilete. Amb subcir-
cular to convexly subtriangular. Suturae straight,
simple, distinct or obscured by sculpture, length
of three-quarters of spore radius. Exine 2.0-3.0
pm in thickness, ornamented systematically with
verrucae (2.5-6.5 pm in basal diameter, 2.5-6.5
pm in height) irregularly distributed. Verrucae
discrete (up to 9 um apart) or fused, sometimes
overlapping, variable in shape and size on a given
specimen, rounded or rounded-conical in profile,
but sometimes almost parallel-sided with rounded
tops, basal outline circular, elongate, or polygonal.
Sculpture reduced in contact areas.

Dimensions: 35- 65 um; 23 specimens.

Occurrence: Phyllite-Quartzite Group and Voleano
Sedimentary Complex (VCo, VH and LN Miospore
Biozones).

Previous records: From Middle to lower Upper
Devonian strata (NAUMOVA, 1953; MCGREGOR
& CAMFIELD, 1982; RICHARDSON & MCGRE-
GOR, 1986; TURNAU & RACKI, 1999; OTTONE,
1996; RUBINSTEIN, 1999; LOBOZIAK et al., 1988,
1992; DINO, 1999; MELO & LOBOZIAK, 2003;
GONZALEZ et al., 2005; PEREIRA et al., 2006;
2007), Uppermost Devonian to Lower Carbonifeous
(Tournaisian) of Ireland (HIGGS et al., 1988), Por-
tugal in SWP Domain (PEREIRA 1997, 1999) and
Ghana (ATTA-PETERS & ANAN-YORKE, 2003).

Genus WALTZISPORA Staplin 1960

Type species: Waltzispora lobophora (Waltz) Sta-
plin 1960

Waltzispora polita (Hoffmeister, Staplin & Malloy)
Smith & Butterworth, 1967

Plate 4, Figs. 14, 15

1955 Granulati-sporites politus Hoffmeister, Stap-
lin & Malloy,p.389, pl. 36, fig.13.

1960 Leiotriletes politus (Hoffmeister, Staplin &
Malloy) Love, p.111, pl. 1, fig.1.

1967 Waltzispora polita (Hoffmeister, Staplin &
Malloy) Smith & Butterworth, p. 159, pl. 6, fig.14.
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Description: Trilete spore, Amb triangular with
rounded apicae and cancave sides. Suturae dis-
tinct, simple, straight, three-quarters to fourth-fifth
of the spore radius. Proximal surface lavigatae.
Distal surface with small and uniform coni with 1
- 2 um in length and 1 - 1.5 wm in basal diameter.
Distance between coni 2 to 3 pm, regular distribu-
tion but in small numbers in the equatorial margin,
particurlaly in the inter-radial areas. Exine 1 pm in
thickness seldom folded. Smooth equatorial mar-
gins with coni concentrated near the apicae,

Dimensions:24-35 um; 12 specimens,

Occurrence: Murragao and Mértola Formations.

Infraturma MURORNATI R. Potoni¢ &
Krempl954

Genus ACINOSPORITES Richardson 1965

Type species: Acinosporites acanthomammillatus
Richardson 1965

Acinosporites lindlarensis Riegel, 1968
Plate 4, Fig. 16

1968 Acinosporites lindlarensis Riegel, p.89, P 19,
figs. 11-16.

For additional synonymy see McGregor & Cam-
field, 1976, p.6.

Description: Miospores radial, trilete. Amb subeir-
cular to rounded subtriangular. Suturae, simple,
distinet with narrow labra, reaching almost the
equator. Exoexine proximally laevigate or with
small coni, 0.5-1.5 wm at base, about 1.0 pm high.
Ornamentation at the equator and distal regions
biform, with roundly expanded or conical bases
1.5-6.0 um wide, up to 7.0-8.0 um long, tapering
gradually or abruptly to a spine or baculum 1.0-4.0
um long, or rounded apex, surmounted by a gran-
ule or cone, rounded or polygonal in plan view,
discrete and closely spaced, or jointed at base to
adjacent elements forming ridges.

Dimensions: 58-87 pm; 18 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian

Pyrite Belt in S. Francisco da Serra region (AD
Miospore Biozone).

Previous records: From Middle Devonian of Canada
(MCGREGOR & CAMFIELD, 1976; MCGREGOR &
CAMFIELD, 1982; RICHARDSON & MCGREGOR,
1986) and Australia (MCGREGOR & PLAYFORD,
1992). From Lower Devonian of Argentina (LE
HERISSE et al., 1997), Brazil (LOBOZIAK et al.,
1988; DINO, 1999; LOBOZIAK AND MELD, 2002;
MELO & LOBOZIAK, 2003; GRHAM et al., 2006)
and Bolivia (PEREZ LEYTON, 1990; MCGREGOR,
1984).

Genus CONVOLUTISPORA Hoffmeister, Staplin &
Malloy, 1955

‘Type species: Convolutispora florida Hoffmeister,
Staplin & Malloy, 1955; by original designation.

Convolutispora cerebra Butterworth & Williams,
1958

Plate 4, Fig. 18

1958 Convolutispora cerebra Butterworth & Wil-
liams, p. 371.

Description: Spore radial, trilete. Amb circular. Su-
turae distinct or indistinct, length approximately
three-quarters of spore radius. Exine thick, 4.0-6.0
um densely ornamented by sinuous muri of several
dimensions (2.0-5.0 um in width 2 gm in height)
separated by small lumina.

Dimensions:55-72.5 pm; 31 specimens.

Occurrence: Quebradas Formation of SWP Domain
and Brejeira Formation of BAFG (FR Miospore Bi-
zone).

Convolutispora florida Hoffmeister, Staplin & Mal-
loy, 1955

Plate 4, Fig. 19

1955 Convolutispora florida Hoffmeister, Staplin &
Malloy, p.87, pl. 38, fig.6.



Description: Spore radial, trilete. Amb circular to
subcircular. Suturae indistinct, length approxi-
mately three-quarters of spore radius. Exine thick,
densely ornamented by rugulae (3-6 pm in width).
The rugulae possess rounded to flat tops, with 5.0
um in height and 7.0 pm in basal diameter.

Dimensions: 34-50 um; 26 specimens.

Occurrence: Quebradas Formation of SWP Domain
and Brejeira Formation of BAFG (FR Miospore Bi-
zone).

Convolutispora major (Kedo) Turnau, 1978
Plate 4, Fig. 17

1963 Dictyotriletes major Kedo, p.55, pl. 4, fig.97.

1978 Convolutispora major (Kedo) Turnau, p.8, pl.
2, fig.18-19.

Description: Spore radial, trilete. Amb circular. Su-
turae disctint to partially obscured, straight, length
aproximatly one-half of spore radius, bordered
by labra (4.0-5.0 um). Exine 9.0-10.0 um thick,
densely ornamented with broad, rounded muri
(5.0-10.0 um in width and 4.0-6.0 um in height)
irregular, convoluted and anastomosing forming
an imperfect reticulum. Lumina irregular in shape
8-18 um in width.

Dimensions: 90-100 um; 6 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Genus CORBULISPORA Bharadwaj & Venkata-
chala 1961

Type species: Corbulispora retiformis Bharadwaj &
Venkatachala, 1962; by original designation.

Corbulispora sp.
Plate 5, Fig. 1

Description: Miospores radial, trilete, amb circular
to subcircular. Suturae distinct, straight, reaching
three-quarters to four-fifths of distance to equa-
tor, bounded by labra 6.0-10.0 um in width. Exine

&

thick, sculptured with crenulate rugulae, 4.0-6.0
um in width and height. Rugulae coalescent, en-
closing lumina of 10-13 um in diameter, or free-
ly terminating. Non-rugulate exine laevigate to
scabrate.

Dimensions: 50-65 um; 4 specimens.

Occurrence: Tercenas Formation (LN Miospore
Biozone).

Genus DICTYOTRILETES Naumova emend Smith
& Butherworth 1967

Type species: Dictyotriletes bireticulatus (Ibrahim)
Potonié & Kremp 1954

Dictyotriletes fimbriatus (Winslow) Kaiser, 1970
Plate 5, Fig. 2

1962 Reticulatisporites? fimbriatus Winslow, p.58-
59, pl. 14, fig.1-3; pl. 22, fig.21.

1970 Dictyotriletes fimbriatus (Winslow) Kaiser,
p.95, pl. 19, fig. 4-6.

Description: Spore radial, trilete, amb circular to
subcircular or broadly rounded. Suturae indistinet
and irregular in outline. Exine reticulate, reticulum
more or less uniformly developed over the proxi-
mal and distal surfaces. Muri sinuous, smooth,
fringered and often papillate forming an irregular
reticulum.

Dimensions:75-115 pm; 42 specimens.

Occurrence: Tercenas Formation (LN Miospore
Biozone).

Previous records: From Upper Devonian of Ireland
(HIGGS et al., 1988), Portugal (PEREIRA, 1999),
Russia (BYVSCHEVA, 1976).

Dictyotriletes probireticulatus (Ibrahim) Butter-
worth & Mahdi, 1981

Plate 5, Fig. 3

1967 Dictyotriletes bireticulatus (Ibrahim) Smith &



g2

Butterworth, p. 194.

1981 Dictyotriletes probireticulatus (Ibrahim) But-
terworth & Mahdi, p. 490, pl. 1, fig.11-13.

Description: Spore radial, trilete, amb triangular to
subtriangular. Suturae indistinct, simple, straight,
reaching three-quarters of spore radius. Exine of
1.5 pm thickness, reticulate, reticulum more or less
uniformly developed over proximal and distal sur-
faces. Muri sinuous, about 1.5 pm in width and in
height. Lumina 18-22, irregularly polygonal, maxi-
mum diameter range 2.5-12.0 pm. Aproximatly
14-18 muri project from equator.

Dimensions:45.5-60 pm; & specimens.

Occurrence: Brejeira Formation (SS Miospore Bio-
Zone).

Dictyotriletes proprius Playford, 1978
Plate 5, Fig. 4

1977 Dictyotriletes sp. Playford, p. 79, pl. 12,
figs.1,2.

1978 Dictyotriletes proprius Playford, p. 127, pl. 7,
figs.13-19.

Description: Spore radial, trilete, amb circular to
subcircular or broadly rounded. Suturae distinct,
simple, straight, reaching one-half to three-quar-
ters of spore radius. Exine reticulate, reticulum
more or less uniformly developed over the proxi-
mal and distal surfaces. Muri sinuous, smooth, fre-
quently anastomosed, 0.5-3.0 um in width, mural
crests rounded to acute, 0.5-3.0 um height. Lumina
irregularly polygonal, maximum diameters range
2.5-12.0 um. Non-murolate exine laevigate 1.2-2.5
wm thickeness.

Dimensions:45-82 um; 8 specimens.

Occurrence: Volcano sedimentary Complex of Ibe-
rian Pyrite Belt (TS Miospore Biozone).

Genus EMPHANISPORITES McGregor, 1961
Type species: Emphanisporites rotatus McGregor

emend. McGregor, 1973; by original designation.

Emphanisporites annulatus McGregor, 1961
Plate 5, Figs5

1961 Emphanisporites annulatus MacGregor, p.3,
pl. 1, fig.5-6.

1962 Radiaspora sp. Balme, p.6, pl. 1, fig.13.

1963 Emphanisporites erraticus (Eisenack) McGre-
gor in Chaloner, p.103, fig.1.

1967 Emphanisporites cf. erraticus (Fisenack) Me-
Gregor, p.106, pl. 1,fig.10.

For additional synonymy see McGregor (1973, p.
45).

Deseription: Miospores radial, trilete. Amb subtri-
angular to subcircular. Suturae distinct, straight,
simple or associated with narrow labra (up to 3 pm
high), reaching almost to equator. Proximal sur-
face showing 3-6 radial ridges in each interradial
sector, their width increasingly from 2 pm in proxi-
mal polar area to 3.5-4.0 um at equatorial margin.
The latter is marked by a continuous thickening,
2-4 um wide, a second concentric ring, located
aproximatly one-half to two-thirds of distance to-
wards the distal pole.

Dimensions: 45-57,5 um; 37 specimens.

Occurrence: Phyllite-Quartzite Group and Volcano
Sedimentary Complex of Iberian Pyrite Belt, Terce-
nas Formation (LN Miospore Biozone).

Previous records: From Lower and Middle Devo-
nian worldwide rocks. From Upper Devonian (up-
per Famennian) deposits of Ireland (CLAYTON et
al., 1977; HIGGS et al., 1988), Portugal (PEREI-
RA et al., 1994; 2007; PEREIRA, 1997, 1999),
Spain (GONZALEZ, 2005) and Libya (MASSA &
MOREAU-BENOIT, 1976). This apparently reports
a second abundance peak of Emphanisporites spp.
during uppermost Devonian lowermost Carboni-
ferous time (PLAYFORD & MCGREGOR, 1993).

Emphanisporites hibernicus Clayton, Higgs &
Keegan, 1977

Plate 5, Fig. 6



1977 Emphanisporites hibernicus Clayton, Higgs &
Keegan, p. 421; pl. 1, figs. 10-15.

Description: Miospores radial, trilete. Amb roun-
ded subtriangular to subeircular. Suturae distinct,
straight, extending almost to equator, with narrow
labra 1.0-1.5 pm in overall width. Exine 1.5-3.0
wum thick, laevigate, sculptured proximally with
straight, thickened ridges (6-8 in each interradial
sector), disposed in a chevron organization. Ridges
2-3.5 pm wide. Exine laevigate distally, equatorial
crassitude 2.0-4.0 um wide.

Dimensions: 5-54 pm; 12 specimens.

Occurrence: Phyllite-Quartzite Group and Volcano
Sedimentary Complex of Iberian Pyrite Belt, Terce-
nas Formation (LN Miospore Biozone).

Previous records: From the uppermost Devonian-
Lower Carboniferous of Ireland (CLAYTON, HIGGS
& KEEGAN, 1977; HIGGS et al., 1988); Portugal
(PEREIRA, 1999; PEREIRA et al., 1994).

Emphanisporites rotatus McGregor emend McGre-
gor, 1973

Plate 5, Figs. 7,8

1961 Emphanisporites rotatus McGregor, p. 3; pl.
1, figs. 1-4.

1973 Emphanisporites rotatus McGregor emend.
McGregor, pp. 46-47; pl. 6, figs. 9-13.

For further synonymies see McGregor (1973, pp.
46-47), McGregor & Camfield (1982, p. 39), Balme
(1988, p. 131), and Steemans (1989, p. 142).

Description: Miospores radial, trilete. Amb con-
vexly subtriangular to subcircular. Suturae dis-
tinet, straight, simple or with narrow labra, attain-
ing equator. Exine 2.0-3.0 um thick, distal face
laevigate, proximal face bearing 15-30, radially
arranged, spoke-like ridges, extending from distal
polar region to equator. Ridges frequently bran-
ching towards equator attaining the maximum of
2.5-4.0 pm in width.

Dimensions: 32.5-65 um; 26 specimens.
Occurrence: Phyllite-Quartzite Group and Volcano
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Sedimentary Complex of Iberian Pyrite Belt, Ter-
cenas and Bordalete Formations and (LN to PC
Miospore Biozones).

Previous records: Reported worldwide through-
out the Devonian system, Emphanisporites rotatus
extends also into the lowermost Carboniferous
(PLAYFORD & MCGREGOR, 1993).

Genus MICRORETICULATISPORITES Knox emend.
Potonié & Kremp 1954

Type species: Microreticulatisporites lacunosus
(Ibrahim) Knox 1950

Microreticulatisporites concavus Butterworth &
Williams, 1958

Plate 5, Figs. 9,10

1958 Microreticulatisporites concavus Butterworth
& Williams, p. 367, pl. 1, fig.56.

Description: Miospores radial, trilete. Amb subtri-
angular, with straight, slightly concave or convex
rounded sides. Suturae distinct, straight, simple,
open, reaching three-quarters of spore radius. Exi-
ne thin, microreticulate with 2 pm diameter lu-
mina. Muri 3 um in height, 30-40 muri projecting
along the equatorial margin.

Dimensions: 30-52 pm; 16 specimens.

Oceurrence: Volcano Sedimentary Complex of [be-
rian Pyrite Belt, Mértola Formation of BAFG and
Murracio Formation of SWP Domain (NL Miospore
Biozone).

Subturma ZONOTRILETES Waltz, 1935

Infraturma AURICULATI Smith & Butterworth,
1967

Genus TRIPARTITES (Schemel) Potonié & Kremp
1954

Type species: Tripartites vetustus Schemel 1950

Tripartites vetustus Schemel 1950
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Plate 5, Fig.11

Description: Miospores radial, trilete, amb triangu-
lar, slightly to strongly concave, apices rounded or
truncate. Suturae distinct, straight, simple or ac-
companied by narrow labra extending almost to
equator margin. Exine laevigate, 2.5 um in thick-
ness, extended laterally in the equatorial plane to
form a well developed auriculae in radial positions,
inter-radial connections reduced. Distal surface of
auriculae plicated.

Dimensions: 37-50 um; 9 specimens.

Occurrence: Mértola Formation of BAFG and Mur-
racdo, Quebradas and more infrequently in Brejei-
ra Formations of SWP Domain (VF to SS Miospore
Biozones). The studied specimens are poorly pre-
served, normally occurring as eroded specimens.

Genus TRIQUITRITES (Wilson & Coe) Potonié &
Kremp 1954

Type species: Triguitrites arculatus Wilson & Coe
1954

Triguitrites bransonii Wilson & Hoffmeister, 1956
Plate 5, Fig. 12

1956 Triquitrites bransonii Wilson & Hoffmeister,
p-24, pl. 3, fig.1.

Description: Miospores radial, trilete, amb trian-
gular, sides slightly to strongly concave. Suturae
distinct, straight, simple or accompanied by nar-
row labra extending from two-thirds radius to
polar margin of radial crassitudes. Extent and de-
velopment of radial crassitudes dense thicknings
which protrude from equator and are smooth and
rounded truncate, or sometimes lobed. Maximum
dimension of crassitudes from 13.0 um in width
and 7.0 pm in length.

Dimensions: 30-40 um; 18 specimens.

Occurrence: Brejeira Formation.

Triquitrites tribullatus (Ibrahim) Schopf, Wilson &
Bentall, 1944

Plate 5, Fig. 13

1932 Sporonites tribullatus (Ibrahim) Potonié, Ib-
rahim & Loose, p.448, pl. 15, fig.13.

1933 Laevigati-sporites tribullatus Ibrahim, p.20,
pl. 2, fig.13.

1934 Valvi-sporites tribullatus (Ibrahim) Loose,
p.152, pl. 7, fig.21.

1938 Azonotriletes tribullatus (Ibrahim) Luber &
Waltz, pl. 7, fig.88.

1944 Triquitrites tribullatus (Ibrahim) Schopf, Wil-
son & Bentall, p.47.

Description: Miospores radial, trilete, amb trian-
gular, with well rounded or flatted angles, sides
straight to slightly convex or concave. Suturae dis-
tinct, straight, simple extending from two-thirds
radius to inner margin of spore body. The radial
crassitudes vary from slight equatorial thickenings,
which do not modify the outline of the spore to
rounded truncate, or sometimes lobed and which
may project slightly beyond the margin. Maximum
dimension of crassitudes from 18.0 um in width
and 11.0 um in length, more developed in the dis-
tal pole. Exine scabrate to weakly granulate and up
to 2.5 um in thickness.

Dimensions: 40-70 pm; 6 specimens.

Occurrence: Brejeira Formations (Bashkirian age).

Infraturma TRICRASSATI Dettmann 1963

Genus DIATOMOZONOTRILETES
Playford 1963

Type species: Diatomozonotriletes saetosus (Hac-
quebard & Barss) Hugues & Playford 1961

(Naumova)

Diatomozonotriletes cervicornutus (Staplin) Play-
ford, 1963

Plate 5, Fig. 15

1960 Reinschospora cervicornuta Staplin, p.24, pl.
5, fig.1-3.



Description: Miospores radial, trilete, amb trian-
gular with straight to slightly convex sides and
rounded to truncate apices. Suturae distinct, sim-
ple, straight, open, reaching equator margin. In-
teradial areas ornamented with small setae (17-
23), basal diameter 5 um and up to 15 um long in
the central interradial region. Distal surface bears
sharply tapered coni on the distal surface, coni in
variable number around the distal pole. Exine 1.5-
3.0 pm thicness.

Dimensions: 40-50 um; 5 specimens.

Occurrence; Murragdao Formation (NL Miospore
Biozone).

Diatomozonotriletes franklinii McGregor & Cam-
field, 1982

Plate 5, Fig. 14

1966 Diatomozonotriletes devonicus Naumova,
Mikhailova, pl. 1, fig.2.

1966 Diatomozonotriletes devonicus Naumova, Mc-
Gregor & Uyeno, Pl 2, fig.6.

1982 Diatomozonotriletes franklinii McGregor &
Camfield, Pl. 7, Figs. 10-13.

Description: Miospores radial, trilete, amb subtri-
angular with convex, straight to slightly concave
sides and rounded apices. Suturae distinet, simple,
straight, almost reaching equator margin. Exine
1.0-1.5 um in thickness, proximal surface scabrate
to laevigate, or with scattered grana. Sculpture at
interradial equator consists of closely spaced spinae
(0.5-1.0 um wide at base and 2.5-4.0 pm long in
the middle of the interradial margins, increasing
in length toward the radial angles. Distal surface
bears small grana and coni less that 2.0 pm wide
and high, polygonal or subcircular in plan view.

Dimensions: 25-37 um; 9 specimens.

Occurrence: Reworked species recovered in Phyl-
lite-Quartzite Group (AD Miospore Biozone, sub-
zone lem).

Diatomozonotriletes rarus Playford, 1962
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Plate 5, Figs. 16, 17

1962 Diatornozonotriletes rarus Playford, p.649, pl.
93, fig.15-16.

Description: Miospores radial, trilete, amb subtri-
angular with straight to slightly concave sides and
rouded to truncate apices. Suturae distinct, simple,
straight, almost reaching equator margin. From
the sides of the spore, small saetae (17-23), point-
ed, basal diameter 1.0-1.5 um, longest in central
interradial region . Distal surface bearing sharped
tapered spinae 2.0-4.0 um long, 1.5-2.5 um broad
at base. Exine 1.0-2.5 pm thicness.

Dimensions: 35-43 um; 3 specimens.

Occurrence: Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt, Mértola Formation and Murragao
Formation (NL Miospore Biozone).

Infraturma CINGULATI Potonié & Klaus emend
Dettmann, 1963

Genus ANEUROSPORA Streel, 1964

Type species: Aneurospora goensis Streel 1964, by
original designation.

Aneurospora greggsii (McGregor) Streel in Becker,
Bless, Streel & Thorez, 1974

Plate 5, Figs. 18-20

1964 Retusotriletes greggsii McGregor, p. 10; pl. 1,
figs. 1-12.

1974 Aneurospora greggsii (McGregor) Streel in
Becker, Bless, Streel & Thorez, p. 24; pl. 16, figs.
6-15.

Description: Miospores radial, trilete, amb subtri-
angular to subcircular, suturae distinet, straight,
reaching at least three-quarters of distance to
equator, accompanied by labra 1-3 um wide, and
terminating in curvaturae perfectae. Exine thick,
proximo-equatorially forming a darkened band
(2-6 um wide) commonly associated with the cur-
vaturae. Contact areas laevigate, distal surface
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densely sculptured with coni and spinae (up to 1
pm high). Large folds common.

Dimensions: 40 - 55 um;17 specimens.

Occurrence: Ribeira de Limas and Gafo, and Horta
da Torre, Sta Iria and Represa Formations of Pulo
do Lobo Domain, Phyllite-Quartzite Group and
Volcano Sedimentary Complex of Iberian Pyrite
Belt (AD, BM, VH and LN Miospore Biozones).

Previous records: From Givetian through upper
Famennian of Portugal (CUNHA & OLIVEIRA,
1989; OLIVEIRA et al., 1986; PEREIRA et al.,
2006, 2007), Spain (GONmEZ et al., 2005), Bel-
gium (BECKER et al., 1974; STREEL, 1967, 1999),
France (LOBOZIAK & STREEL, 1980), Germany
(HIGGS & STREEL, 1984), Scotland (MARSHALL
& ALLEN, 1982), Canada (MCGREGOR, 1964), Po-
land (TURNAU, 1996; TURNAU & RACKI, 1999)
and northeastern U.S.A (STREEL & TRAVERSE,
1978).

Genus BELLISPORES (Artuz) Sullivan 1964

Type species: Bellispores nitidus (Horst) Sullivan
1964

Bellispores nitidus (Horst) Sullivan, 1964
Plate 6, Figs. 1, 2

1957 Simizonotriletes trilinearis Artuz, p.251, pl. 5,
fig. 36.

1964 Bellispores nitidus (Horst) Sullivan, p. 375.

Description: Miospores radial, trilete, acamerate,
cingulate. Amb triangular with concave or straight
sides and rounded apices. Outline crenulate. Su-
turae distinct, straight, to sinuous, bordered by
narrow labra, almost reaching equator margin. In-
texine thin forming wall of spore body. Excexine
sculptured distally and equatorially to form an ir-
regular narrow cingulum, 2.5-5.0 um wide, with
irregular crenulate margin, uniformly broad. Distal
surface ornamented with Y-thickened ribs. Mar-
gins of distal thickened ribs crenulate in the same
style as the cingulum, individual ribs up to 10.0
um wide. Proximal surface laevigate, distal surface
including distal ribs and cingulum foveolate (fo-

veolae less than 2.0 um diameter).
Dimensions: 28-45 um; 27 specimens.

Occurrence: Murragio, Quebradas of SWP Domain
and Mértola and Brejeira Formations of GFBA (up-
per Viséan to Bashkirian, NC to NJ Miospore Bio-
ZONes).

Genus KNOXISPORITES R. Potonié & Kremp
emend Neves 1961

Type species: Knoxisporites hagenii Potonié &
Kremp, 1954, by original designation.

Knoxisporites concentricus (Byvscheva) Playford &
McGregor, 1993

Plate 6, Figs. 3, 4

1976 Concentrisporites concentricus Byvscheva,
p.83-85, pl. 17, fig.1-5.

1977 Lophozonotriletes sp. Keegan, pl. 3, fig. 9.

1980 Lophozonotriletes sp. in Naylor & Higgs,
tab.1, p.383.

1981 Tumulispora sp. Van Veen, pl. 4, fig. 1-2.

1988 Lophozonotriletes concentricus (Byvscheva)
Higgs, Clayton & Keegan, p.67, pl. 8, fig. 7-10.

1993 Knoxisporites concentricus (Byvscheva) Play-
ford & McGregor, P1. 13, Figs. 1-8.

Description: Miospores radial, trilete. Amb roundly
subtriangular to subcircular, edge entire to occa-
sionally undulant to dentate. Suturae distinct to
perceptible, simple, straight, extending to inner
margin of cingulum. Cingulum width uniform,
about 5.0-12,0 um, Well defined rugulae, some-
times associated with verrucae, developed on dis-
tal surface, often arranged almost symmetricaly in
a polar centered spiral or concentric pattern. The
murornate elements maybe tightly or separated
up to 10 um apart. Verrucae when present, often
occur centrally in distal polar region. Two to four
whorls or concentric sets of rugulae/verrucae may
occur where sculpture patterns show this disposi-
tion. Proximal surface laevigate or bearing one or
two rugulae or verrucae.



Dimensions: 45-65 um; 24 specimens.

Occurrence: Tercenas and Bordalete Formations
(LN to PC Miospore Biozones).

Previous records: From the uppermost Devonian
and possibly Lower Carboniferous (Tournaisian)
of Russia (BYVSHEVA, 1976; 1985), Ireland (VAN
VEEN, 1981; HIGGS et al., 1988), England (TURN-
ER et al., 1991) and USA (COLEMAN & CLAYTON,
1987) and Portugal (PEREIRA, 1997; 1999).

Knoxisporites literatus (Waltz) Playford, 1963
Plate 6, Fig. 5

1938 Zonotriletes literatus Waltz em Luber & Waltz,
p. 18, pl. A, fig.11.

1956 Euryzonotriletes literatus (Waltz) Ishchenko,
p. 52-53, pl. 9,fig.108.

1956 Anulatisporites literatus (Waltz) Potonié &
Kremp,p.111.

1957 Cincturasporites literatus (Waltz) Hacque-
bard & Barss, p. 23-34, pl. 3, fig. 2-5.

1963 Archaeozonotriletes literatus (Waltz) Kedo,
pl. 8, fig. 188-190.

1963 Knoxisporites literatus (Waltz) Playford, p.
63, pl. 90, fig. 7-8.

Description: Miospores radial, trilete. Amb sub-
circular to convexly subtriangular. Suturae dis-
tinct, straight, extending almost to the cingulum
and bordered by low labra 4.0 -10.0 um in overall
width. Distal ornament consist of a subcircular to
polygonal ring shaped thickening surrounding the
distal pole and linked to the cingulum by variable
number of muri (1-4). The equatorial cingulum
5.0-10.0 um in width. Exine smoth.

Dimensions: 55-102 um; 26 specimens.

Occurrence: Phyllite-Quartzite Group and Terce-
nas and Bordalete Formations (LN to PC Miospore
Biozones).

Previous records: Extensively recorded from the
uppermost Devonian to upper Viséan/lower Na-
murian of the northern hemisphere and Eastern
Gondwana (Australia), as summarized by PLAY-
FORD (1971), VAN DER ZWAN (1980), PLAY-
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FORD & SATTERTHWAIT (1986), HIGGS et al
(1988) and PLAYFORD (1991).

Knoxisporites hederatus (Ishchenko) Playford,
1962

Plate 6, Figs. 6, 7

1956 Euryzonotriletes hederatus Ishchenko, pl. 10,
fig. 121.

1962 Knoxisporites hederatus Playford, pl. 90, figs.
9-12.

Description: Miospores radial, trilete. Amb circular
to subcircular, surrounded by more or less conform-
able cingulum. Suturae distinct, straight, extend-
ing almost to the margin of spore body. Exoexine
extended in the equatorial plane to form an undif-
ferentiated cingulum 5.0-16.0 um in width. Distal
surface bears widely spaced, rounded muri, that
are connected in several places to each other and
to the cingulum. Muri slightly sinuous, irregular in
pattern, 10-18 um wide and 5.0-8.0 high.

Dimensions: 75-110 um; 12 specimens.

Occurrence: Graca Formation of Neves Corvo mine
region (TS Miospore Biozone of Viséan age).

Knoxisporites stephanephorus Love, 1960
Plate 6, Figs. 14, 15

1960 Knoxisporites stephanephorus Love, p. 567.

Description: Miospores radial, trilete. Amb circu-
lar, subcircular to rounded triangular, Suturae dis-
tinct, straight, extending almost to the cingulum
simple or bordered by low narrow labra which
tpically become expanded equatorially to form a
tringular thickened areas that fuse to the proximal
surface of the cingulum. Exine laevigate. Intexine
forming all(?) body rarely discernible. Excexine
closely adpressed to intexine but extended in the
equatorial plane to form ticknened cingulum 5.0-
12.0 pm. Exoexine possesses a second ring of thic-
kning with irregular, radially oriented, thick ribs in
the inter-radial positions. A distal polar thickening,
circular in shape, 5.0-10.0 um in diameter is also
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developed in the exoexine.
Dimensions: 30-62 um; 47 specimens.

Occurrence: Murragio and Graga Formations (TS
Miospore Biozone of Viséan age).

Koxisporites ruhlandii Doubinger & Rauscher,
1966

Plate 6, Figs. 8, 9

Remarks: Koxisporites ruhlandii resembles K.
stephanephorus Love 1960, but has roundly tri-
angular amb in contrast to circular amb of K.
stephanephorus. Dimensions: 45-90 um; 15 speci-
mens.

Occurrence: Graga Formation (TS Miospore Bio-
zone of Viséan age).

Knoxisporites triradiatus Hoffmeister, Staplin &
Malloy, 1955

Plate 6, Figs. 10, 11

1955 Knoxisporites triradiatus Hoffmeister, Staplin
& Malloy, pl. 1, fig. 3.

Description: Miospores radial, trilete. Amb sub-
circular to rounded triangular. Suturae distinct,
straight, extending almost to, the equatorial margin
of the spore, bordered by low, broad, thickened la-
bra. Intexine probably thin, forms inner spore body
conformable in outline with the equatorial margin.
Exoexine closely adpressed to intexine over proxi-
mal and distal surfaces but extended in the equato-
rial plane to form thick undifferentiated relatively
narrow cingulum. Distal surface of exoexine bears
thickened Y-shaped structure with ribs of uniform
thickness, extending from distal pole to fuse with
the cingulum in the inter-radial position (6-10 um
width).

Dimensions: 48-75 um; 24 specimens.

Occurrence: Murragio and Quebradas Formations
of SWP Domain and Mértola Formation of BAFG
(Viséan to Serpukovian). Very common in Quebra-
das Formation (FR Miospore Biozone of Bashkirian
age), in an assemblage dominated by Knoxisporites

spp, it is interpreted as reworked from the Tour-
naisian.

Knoxisporites cf. triradiatus Hoffmeister, Staplin &
Malloy sensu Sullivan, 1964

Plate 6, Figs. 12, 13

1964 Knoxisporites cf. triradiatus Hoffmeister, Sta-
plin & Malloy sensu Sullivan, pl. 8, fig.4.

Description: Miospores radial, trilete. Amb sub-
circular to rounded triangular. Suturae distinct,
straight, bordered by thickned labra up to 7.0-8.0
um; extending to the margin of the cingulum. Dis-
tal surface bears three broad muri 8.0-15.0 um in
width, which radiate from distal pole to the cingu-
lum in inter-radial positions. Cingulum laevigate
and 9.0-16.0 pm in thickness.

Dimensions: 74-100 um; 42 specimens.

Occurrence: Tercenas and Bordalete Formations
of SWP Domain (LN to PC Miospore Biozones).
Higher dimensions specimens are observed in PC
Biozone.

Genus ROTASPORA Schemel emend. Smith & But-
terworth 1967

Type species: Rotaspora fracta Schemel emend
Smith & Butterworth 1967

Rotaspora fracta (Schemel) Smith & Butterworth,
1967

Plate 6, Figs. 16

1950 Rotaspora fracta Schemel, p. 241.

1967 Rotaspora fracta Schemel emend Smith &
Butterworth, p. 227, pl. 15, fig. 8-11.

Description: Miospores radial, trilete. Amb circular
to subcircular to rounded triangular, spore body
triangular with slightly concave sides and rounded
apices. Suturae distinct, straight, simple or bor-
dered by narrow labra extending to the spore mar-
gin. Width of zona constant, with narrow thick-
ening in the margin forming an equatorial zona.



Exine of body and zona laevigate.
Dimensions: 35 um; 3 especimens.

Occurrence: Murragao and Mértola Formations
(VF to NC Miospore Biozones of upper Viséan to
Serpukovian).

Rotaspora knoxi Butterworth & Williams, 1958
Plate 6, Figs. 17

1958 Rotaspora knoxi Butterworth & Williams, p.
378, pl. 3, fig.21-23.

Description: Miospores radial, trilete. Amb sub-
triangular, with broadly rounded apices, outline
of the body more triangular. Suturae distinct,
straight, simple or surrounded by narrow labra ex-
tending to the spore margin. Exine laevigate. Zona
widest (up to 6.0 um) in the inter-radial position,
but significantly reduced in the apices. Zona nor-
mally bizonate.

Dimensions: 26-38 um; 14 specimens.

Occurrence: Murracio and Mértola Formations
(VF to TK Miospore Biozones of late Viséan to Ser-
pukovian).

Genus RETICULATISPORITES (Ibrahim) Neves
1964

Type species: Reticulatisporites reticulatus Tbrahim
1932

Reticulatisporites peltatus Playford, 1962
Plate 7, Fig. 3

1962 Reticulatisporites peltatus Playford, p. 599, pl.
84, fig. 1-4.

Description: Miospores radial, trilete. Amb circular
to subcircular. Suturae, straight, simple extending
to the spore margin often obscured by sculpture.
Exine thick (3.5-4.5 um), sculptured with coarse
reticulum formed by smooth, rounded muri 2.0-
5.5 um wide and 2-3 pm high, enclosing irregularly
polygonal lumina 6.0-25.0 um in diameter. Nume-
rous peltate processes (6.0-10.0 um, long, 4.0-6.5
pm broad at base, apices 5.0-13.0 um in diameter),
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are developed on the junctions of the muri.

Dimensions: 42.5-105.0 pm, 26 specimens. The
Bashkirian specimens of Quebradas Formation (FR
Miospore Biozone) are of lower dimensions 42.5-
77.5 pm, compared to the specimens recovered
from the Brejeira Formation (Ra Miospore Bio-
zone) of 95.0-105.0 um.

Occurrence: Quebradas and Brejeira Formations.

Reticulatisporites polygonalis (Ibrahim) Smith &
Butterworth, 1967

Plate 7, Fig. 2

1932 Sporonites polygonalis Ibrahim in Potonié, Th-
rahim & Loose, p. 447, pl. 14, fig. 8.

1933 Laevigati-sporites polygonalis Ibrahim, p. 19,
pl. 1, fig. 8.

1934 Reticulati-sporites polygonalis Ibrahim, Loose,
p- 155, pl. 7,fig. 16.

1955 Knoxisporites polygonalis (Ibrahim) Potonié
& Kremp, p. 117, pl. 16, fig. 318.

1967 Reticulatisporites polygonalis (Ibrahim) Smith
& Butterworth, p. 221, pl. 14, fig. 13.

Description: Miospores radial, trilete. Amb circular
to polygonal. Suturae, straight, simple extending
to the spore margin often obscured by sculpture.
Cingulum 10.0-15.0 um, with three zones, an in-
ternal zone of 3.5-7.0 um thickness, separated of
the exterior zone 2.0-4.0 um, in thickness, by a
thin membrane. Exine ornament on distal surface
prominent, but reduced proximally, pattern varies
in detail, but distally consists of a single triangle,
or a, more or less, polygonal structure formed by
the bands which connect to the cingulum at the
inter-radial positions by three prominent muri.
Exine laevigate.

Dimensions: 75-97.5 um; 18 specimens.

Occurrence: Brejeira Formation (FR. Miospore Bi-
Zone).

Reticulatisporites reticulatus (Ibrahim) Ibrahim,
1933
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Plate 6, Fig. 18

1932 Sporonites reticulatus Ibrahim in Potonié, Ib-
rahim & Loose, p. 447, pl. 14, fig. 3.

1933 Reticulati-sporites reticulatus Ibrahim, p. 33,
pl. 1, fig. 3.

1938 Azonotriletes reticulatus (Ibrahim) Luber in
Luber & Waltz, pl. 7, fig. 99.

Description: Miospores radial, trilete. Amb subcir-
cular. Suturae, straight, simple extending to the
spore margin. Three zones of cingulum clearly de-
fined, inner thickened zone 2.5-5.0 um in width,
separated by narrower marginal zone by a thinner
region of 2.0-4.0 um in width. The distal pattern is
variable, from a muri that delimit a central polyg-
onal area and six or seven surrounding marginal
areas to a complex pattern with several polygonal
lumina and a corresponding number of marginal
lumina.

Dimensions: 50.5-60.0 um; 12 specimens.

Occurrence: Brejeira Formation (FR to OT Miospore
Biozones, Bashkirian age).

Genus SAVITRISPORITES Bharadwaj 1955

Type species: Savitrisporites triangulus Bharadwaj
1955

Savitrisporites nux (Butterworth & Williams) Sul-
livan emend Smith & Butterworth, 1967

Plate 7, Figs. 4-6

1958 Callitisporites nux Butterworth & Williams,
p.377, pl. 3, fig.24-25.

1964 Savitrisporites nux (Butterworth & Williams)
Sullivan, p. 373, pl. 60, fig. 1-5.

1967 Savitrisporites nux (Butterworth & Williams)
Sullivan emend Smith & Butterworth, p. 223, pl.
15, fig.1-3.

Description: Miospores radial, trilete. Amb triangu-
lar with slightly convex to concave sides and broad
rounded angles. Outline smooth to irregularly
crenulated. Suturae, simple, straight, extending to

the inner margin of cingulum, Proximal ornament
confined to a broad, low band of thickening on
either side of each commissure. Distal ornament
comprises coni and verrucae, or ridges of irregular
height, formed by the coalescence of the bases of
of the individual elements.

Dimensions: 45-62.5 um; 106 specimens.

Occurrence: Murracdo and Mértola Formations
(VF to TK Miospore Biozones of late Viséan to Ser-
pukovian).

Savitrisporites concavus Marshall & Smith, 1964
Plate 7, Fig. 7

1964 Savitrisporites concavus Marshall & Smith,
p.661, pl. 99, fig.9-12.

Description: Miospores radial, trilete. Amb tri-
angular with straight to concave sides, margin
crenulated to smooth, apices pointed to narrowly
rounded. Suturae simple, straight, reaching inner
margin of cingulum. Proximal ornament of ridges
bordering suturae prominent (height 2.0-4.0 pm)
mainly around distal pole and radiating towards
each apex. Distal ornament of irregular thicken-
ings. Apical swellings developed from ornament
on each surface. Cingulum widest in radial posi-
tion and irregular in profile, possibly corroded.

Dimensions: 55-70 pm; 10 specimens.

Occurrence: Brejeira Formation (NJ Miospore Bio-
zone).

Savitrisporites sp. A
Plate 7, Figs. 8, 9

Description: Miospores radial, trilete. Amb circu-
lar to subcircular, external margin irregular due to
ornamentation. Suturae simple, straight, reach-
ing the equatorial margin of the spore. Proximal
ornament of irregularly ridges parallel to suturae
(height 1.0-2.5 um) and along the equatorial chan-
nel, separating the contact areas sculptured with
small verrucae and spinae. Distal ornament of
coni, spinae and rare verrucae of 1.0-2.5 um high



and 2.0-2.5 pm basal diameter, forming small cris-
tae by fusion of the bases.

Dimensions: 30-38 um; 28 specimens.

Occurrence: Quebradas and Brejeira Formation
(frequent in FR. Miospore Biozone).

Genus SECARISPORITES Neves 1961
Type species: Secarisporites lobatus Neves 1961

Secarisporites remotus Neves, 1961

Plate 7, Fig. 1

1961 Secarisporites remotus Neves, p. 262, pl. 32,
fig. 8-9.

Description: Miospore trilete, circular to subeircu-
lar, Suturae thin, straight, obscure by ornamenta-
tion. Ornamentation of rugulae. Peripheral rugu-
late lobes of varying dimensions extend up to 10
pum beyond wall and are up to 20 um in witdth,
lobes sometimes overlap and are deeply incised.
Body distinct, about 20-30 um in diameter.

Dimensions: 35-50 um; 39 specimens.

Occurrence: Quebradas and Brejeira Formations
(FR. Miospore Biozone).

Genus TUMULISPORA Staplin & Jansonius, 1964

Type species: Tumulispora variverrucata (Playford)
Staplin & Jansonious, 1964; by original designa-
tion.

Tumulispora rarituberculata (Luber) Playford,
1991

Plate 7, Fig. 10-13

For synonymy see Playford, 1991, p.101.

Description: Miospores radial, trilete. Amb con-
vexly subtriangular to subcircular, periphery en-
tire to occasionally undulant or partly crenulate to
dentate. Suturae distinct, simple, straight, exten-
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ding about two-thrids to four-fifths of distance to
inner margin of cingulum. Cingulum width about
10-20% of total equatorial diameter. Distal sur-
face verrucate, normally on central area, but a
few, infrequently, smaller verrucae, also occur
on the inner cingulum margin. Verrucae (2.5-5.0
wm in height and in basal size 2.0-20.0 um) with
roun-ded to flattened crests, circular to irregular
rounded polygonal basal outline, discrete (up to
10.0 wm apart) to coalescent basally, less common.
Generally a large verrucus occupies the distal polar
region, encircled by a series of smaller verrucae,
with irregular disposition. Proximal exine and in-
ter-verrucae distal exine with laevigate surface.

Dimensions: 35-48 um; 62 specimens.

Occurrence: Tercenas and Bordalete Formation
(LN to PC Miospore Biozone).

Previous records: From upper Devonian to Lower
Carboniferous (Tournaisian) sequences of Nor-
thern Hemisphere and Australia (HIGGS et al.,
1988; PLAYFORD, 1991; PLAYFORD & MCGRE-
GOR, 1993). In Portugal this taxon was reported
as T. malevkensis (PEREIRA, 1997; PEREIRA,1999;
PEREIRA et al., 2007).

Suprasubturma LAMINATITRILETES Smith &
Butterworth, 1967

Subturma ZONOLAMINATITRILETES Smith &
Butterworth, 1967

Infraturma PATINATI Butterworth & Williams,
1958

Genus ARCHAEOZONOTRILETES (Naumova) Al-
len 1965

Type species: Archaeozonotriletes variabilis Allen
1965

Archaeozonotriletes chulus (Cramer) Richardson &
Lister, 1969

Plate 7, Fig. 14

1966 Retusotrilete chulus Cramer, p.74, pl. 2,
fig.14.

1969 Archaeozonotriletes chulus (Cramer) Richard-
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son & Lister, pl. 43, figs.1-6.

Description: These miospores are atributed to A.
chulus, for its cingulate/patinate character, thin
proximal exine and absence of ornamentation.

Dimensions: 36-58 um; 5 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt (AD Miospore Biozone, subzone lem).

Previous records: Lower to Middle Devonian world-
wide, from England (RICHARDSON & LISTER,
1969; WELLMAN, 2006; 2007), Spain (RODRIGU-
EZ, 1983), Portugal (PEREIRA et al., 1999), Saudi
Arabia (AL-GHAZI, 2007), Brazil (MELO & LO-
BOZIAK, 2003; RUBINSTEIN et al., 2005), Argen-
tina (AMENABAR, 2004), Bolivia (MCGREGOR,
1984) and Paraguai (MAULLER. et al., 2004).

Genus CHELINOSPORA Allen 1965
Type species: Chelinospora concinna Allen 1965

Chelinospora concinna Allen, 1965
Plate 7, Fig. 15

1965 Chelinospora concinna Allen, pl. 101, figs.
12-20.

Description: Miospores radial, trilete. Amb circular
to subcircular. Suturae distinct, simple, straight,
with small labra (less than lum), reaching the
equatorial margin of the spores. Exine scabrate,
thickened 2.0-10.0 pm distally, covered with
prominent muri (1.0-6.0 um height and 1.0-2.0 um
width), forming an irregular reticulum, containing
polygonal to irregular lumina of about 5.0-12.0 um
dimension.

Dimensions: 47-56 um; 11 specimens.

Occurrence: Ribeira de Limas Formation of Pulo
do Lobo Domain and Phyllite-Quartzite Group of
Iberian Pyrite Belt.

Previous records: From Givetian to Frasnian from
Northern Hemisphere (ALLEN, 1965; 1967; 1973;
LOBOZIAK & STREEL, 1980; MCGREGOR, 1981;
MARSHALL & ALLEN, 1982; RICHARDSON & MC-
GREGOR, 1986; GONZALEZ et al., 2004; PEREIRA
et al., 2006).

Genus CYRTOSPORA Winslow 1962

Type species: Cyrtospora cristifer (Luber) emend.
Van der Zwan 1979

Cyrtospora cristifera (Luber) emend. Van der
Zwan, 1979

Plate 7, Figs. 18-20

1941 Azonotriletes cristifer Luber in Luber & Waltz,
pl. 1,fig.10.

1957 Lophozonotriletes cristifer (Luber) Kedo, pl.
4, fig.15.

1962 Cyrtospora clavigera Winslow, pl. 22, fig.18-
20.

1966 Tholisporites cristifer (Luber) Luber.

1979 Cyrtospora cristifera (Luber) emend. Van
der Zwan, p.5-7, pl. 1, fig.1-5; pl. 2, fig.1-8; pl. 3,
fig.1-3.

Description: Miospores radial, acamerate, trilete.
Amb convexly subtriangular to subcircular. Su-
turae distinct, simple, straight, extending about
three-fourths of spore radius. Exine 1.0-2.5 um
in thickness. Proximal surface laevigat. Distal sur-
face bears an elongated thicknening, concentrated
in apical zone, 10.0-35.0 um lenght and 8.0-22.0
pum in width. Thickening variable in shape, and
sparcely to densly ornamented with bacula, veru-
cae and coni, of 2.0-6.5 um height and 1.0-4.0 um
in width. Elements discrete or fused, with convex,
concave or parallel sides and rounded tops.

Dimensions: 28-43 um; 45 specimens.

Occurrence: Bordalete Formation (VI to PC
Miospore Biozones).

Previous records: From uppermost Frasnian to mid
Tournaisian of Western Canada (BRAMAN, 1981;
VAN DER ZWAN & WALTON, 1981), upper Fras-
nian to Lower Viséan of Russia (RASKATOVA, 1974;
BYVSHEVA, 1985), upper Famennian to mid Tour-
naisian of North America (WINSLOW, 1962) and
Western Europe (CLAYTON et al., 1977; HIGGS et
al., 1988; PEREIRA, 1999; PEREIRA et al., 2007),
Poland (TURNAU, 1978; 1990) and Iran (COQUEL
et al., 1977) and North Africa (ATTAR et al., 1980;
COQUEL & MOREAU-BENOIT, 1986; VACHARD



et al., 1991).

Genus CYMBOSPORITES Allen 1962

Type species: Cymbosporites magnificus (McGre-
gor) McGregor & Camfield 1982

Cymbosporites magnificus (McGregor) McGregor &
Camfield, 1982

Plate 7, Figs. 16, 17

1960 Lycospora magnifica McGregor, p. 35, pl. 13,
fig.2-4,

1960 Lycospora magnifica McGregor, p. 36, pl. 12,
fig.9-10.

1965 Cymbosporites cyathus Allen, p. 725, pl. 110,
fig. 8-11.

1971 Verruciretusispora magnifica (McGregor)
Owens var magnifica McGregor emend Owens, p.
22, pl. 5, fig. 1-6.

1971 Verruciretusispora magnifica var endoformis
(McGregor) emend Owens, p. 24, pl. 5, fig. 7.

1982 Cymbosporites magnificus (McGregor) Mc-
Gregor & Camfield, p. 32, pl. 6, fig. 4-5.

Description: Miospores radial, acamerate, trilete.
Amb convexly subtriangular to subcircular. Sutu-
rae distinct, straight, to sinuous, extending about
three-fourths of spore radius, bordered by narrow
labra and terminating in curvature perfectae. Inner
margin of curvature distinct, delimiting contact
areas from a thick equatorial region of about 4.0-
8.0 pm in width. Contact areas laevigate. Distal
surface and equatorial regions solidly sculptured
with verrucae and rugulae. Elements of verrucae
discrete and/or fused to give rugulae, subcircular
in outline with round tops (but occasionally mamil-
late), up to 10 um in length. Small grana and coni
regularly dispersed between the verrucae.

Dimensions: 58-63 um; 8 specimens.

Occurrence: Ribeira de Limas Formation of Pulo
fo Lobo Domain and Phyllite-Quartzite Group of
Iberian Pyrite Belt (respectively from Frasnian and
lower Givetian age, BM and AD (subzone lem)
Miospore Biozones) and Tercenas and Bordalete
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Formations of SWP Domain (LN to PC Miospore
Biozones).

Infraturma CINGULICAVATI Smith & Butter-
waorth, 1967

Genus CAMAROZONOTRILETES Naumova 1953

Type species: Camarozonotriletes devonicus Nau-
mova 1953

Camarozonotriletes sextantii McGregor & Cam-
field, 1976

Plate 8, Fig. 2

1968 Apiculatisporites sp. 1, in Jardine and Ya-
paudjian, pl. 1, figs. 15, 18.

1970 Proconaspora sp., McGregor, Sanford and
Norris, P1. 2, Figs 1, 2.

1976 McGregor & Camfield, p. 12, pl. 4, figs. 13,
14, 16-18.

Description: Miospores radial, acamerate, trilete.
Amb subtriangular with convex, straight or con-
cave sides. Suturae distinct, straight, extending
about one-half of spore radius, frequently open.
Exoexine thin. Intexine 1.5-2.0 um thick at equator
opposite the rays, up to 5.0 um thick at the equator
interradially. Contact areas laevigate or with fine
grana less than 0.5 pm wide, curvaturae commonly
defined by proximal limit of distal and equatorial
sculpture. Sculpture composed of grana, pointed
or rounded cones, spines and biform ornaments,
0.5-5.0 wm high, 0.5-2.0 pm wide at their base and
about 0.5-3.5 um apart. The largest ornament oc-
curs in the interradial equatorial regions. Maybe
present or reduced in size at the apices.

Dimensions: 35-58 um; 9 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt (AD Miospore Biozone).

Genus CINGULIZONATES (Dybova & Jachowicz)
Butterworth, Jansonius, Smith & Staplin 1964

Type species: Cingulizonates bialatus (Waltz) Smith
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& Butterworth 1967

Cingulizonates loricatus (Loose) Butterworth &
Smith, 1964

Plate 8, Fig. 3

1932 Sporonites loricatus Loose in Potonié, Ibrahim
& Loose, p.450, pl. 18, fig.42.

1934 Zonales-sporites loricatus Loose, p.151.

1944 Densosporites loicatus (Loose) Schopf, Wilson
& Bentall, p.40.

1964 Cingulizonates loricatus (Loose) Butterworth
& Smith in Butterworth et al., p.1053, pl. 2, fig.4.

Description: Miospores radial, trilete. Amb subtri-
angular to subcircular. Suturae distinct, straight,
extending to inner margin of cingulum. Cingulum
aproximatly 40% of total spore diameter. Central
body of intexine thin and laevigate. Central proxi-
mal area of exoexine slightly rugose, central distal
area granulate, or with small verrucae. Outer mar-
gin of cingulum minutely crenulate, outer thin part
of cingulum granulate, sometimes slightly plicated.
Margin of spore modified by grana and plications.

Dimensions: 37-48 um; 7 specimens.

Occurrence: Brejeira Formation (Ra Miospore Bio-
zZone).

Genus CIRRATRIRADITES Wilson & Coe 1940

Type species: Cirratriradites saturni (Ibrahim)
Schopf, Wilson & Bentall 1944

Cirratriradites saturni (Ibrahim) Schopf, Wilson &
Bentall, 1944

Plate 8, Fig. 4

1932 Sporonites saturni Ibrahim in Potonié , Ibra-
him & Loose, p.448, pl. 15, fig.14.

1933 Zonales-sporites saturni Ibrahim, p.30, pl. 2,
fig.14.

1944 Cirratriradites saturni (Ibrahim) Schopf, Wil-
son & Bentall, p.44.

Description: Miospores radial, trilete. Amb subtri-

angular, outline irregular and serrate. Suturae dis-
tinct, flexuous, extended to equator. Exine of body
coarsely granulate, or verrucate. Zona with radial
striations and concentric thickenings, wider at an-
gles. Body moderately thick, zona thin. Characte-
ristic circular, polar, fovea, which through constric-
tion may give the appearance of two.

Dimensions: 70-82.5 um; 3 specimens.

Occurrence: Brejeira Formation (5SS Miospore Bio-
zone).

Genus CRISTATISPORITES Potonié & Kremp
emend Butterworth, Jansonius, Smith & Staplin
1964

Type species: Cristatisporites indignabundus
(Loose) R. Potonié & Kremp, 1954, by original
designation.

Cristatisporites indignabundus (Loose) Potonié &
Kremp emend Staplin & Jansonius, 1964

Plate 8, Fig. 5

1932 Sporonites indignabundus Loose in Potonié,
Ibrahim & Potonié, p.451, pl. 19, fig.51.

1934 Apiculati-sporites  indignabundus Loose,
p.153.

1944 Densosporites indignabundus (Loose) Schopf,
Wilson & Bentall, p. 40.

1954 Cristatisporites indignabundus (Loose) Po-
tonié & Kremp, p.142.

1964 Cristatisporites indignabundus (Loose) Fo-
tonié & Kremp emend Staplin & Jansonius, p.
108.

Description: Miospores radial, trilete. Amb subtri-
angular to subeircular. Suturae often indistinct,
narrow terminating to the row of spines. Exine two
layered. Intexine rarely observed. Central proximal
area of exoexine coarsened to finely granulose,
bounded by an irregular ring of hooked setose
spines up to 1.0-2.5 pm long and 1.0-1.5 pm wide
at their bases. Zona, not clearly marked, width
generally less than half spore radius, beyond the
setae, almost laevigate or bears a scattered small
granules or conical apiculae. Distal surface sculp-
tured with prominent verrucae that in part connect



at their bases, individual verrucae up to 6.0 ym
de high and 4.0 pm wide. Sculpture become less
significant and well separated towards the equato-
rial margin and are combined with small coni, the
warts also become smaller in central distal area.
Spore margin irregular.

Dimensions: 47.5-58 um; 8 specimens.

Occurrence: Brejeira Formation (88 Miospore Bio-
zone).

Cristatisporites sp. cf. C. inusitatus (Allen) McGre-
gor & Camfield, 1982

Plate 8, Fig. 1

cf. 1965 Samarisporites inusitatus Allen, p. 717; pl.
99, figs. 7-9.

cf. 1982 Cristatisporites inusitatus (Allen) McGre-
gor & Camfield, p. 29.

Description: Miospores radial, trilete. Amb subtri-
angular to subcircular. Suturae distinet to unclear,
with narrow labra up to 2.0 um, extending to the
equatorial margin of zona. Exine two layered.
Exoexine extended equatorially to form a zona of
irregular margin, of 8.0 um high. Exoexine proxi-
mally laevigate to scabrate. Distal exoexine cov-
ered by a dense sculpture of cristae, in a concentric
shape, formed by the coalencence of spines. Inte-
xine thin (0.5-1.0 pm). Zona generally absent due
to poorly preserved condition of the miospores.
Rare observed specimens are sculptured with small
spinae, highly variable in size.

Dimensions: 38-62.5um; 13 specimens.

Remarks: The specimens recovered are poorly pre-
served.

Occurrence; Ribeira de Limas Formation of Pulo
do Lobo domain (BM Miospore Biozone).

Cristatisporites triangulatus (Allen) McGregor &
Camfield, 1982

Plate 8, Figs. 6-8

1965 Samarisporites triangulatus Allen, p. 716; pl
99, figs. 1-6.
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1982 Cristatisporites triangulatus (Allen) McGre-
gor & Camfield, p. 29.

For further synonymy see Allen (1982, pp. 158-
159) and Balme (1988, p. 136).

Description: Miospores radial, trilete, Amb tri-
angular to subtriangular, periphery irregular to
dentate, spore cavity outline circular to rounded,
subtriangular in polar view. Suturae distinct to
obscure, extending to equatorial margin, normally
with smooth, narrow, straight to sinuous labra (up
to 4 um high). Exine two-layered. Intexine distinct
or indistinct, closely appressed to exoexine, laevi-
gate, 1.5-2.0 um wide. Exoexine extended equato-
rially to form a zona, proximally laevigate, distally
sculptured with grana, spinae, rounded coni, and
biform elements (verrucae with minute apical coni
and spinae), 1.0-4.0 um wide and high, discrete or
fused at bases to form an irregular, weakly defined
rugulae. Zona sculptured with spinae, highly varia-
ble in size (2.0-12.0 um high), discrete or fused
to form cristae. Zona is widest at the apices and
interradially the zona is relatively narrow or even
absent.

Dimensions: 40-65 um; 47 specimens.

Occurrence: Ribeira de Limas, Gafo Formations,
Sta Iria, Horta da Torre and Represa Formations
of Pulo do Lobo domain, Phyllite-Quartzite Group
and Volcano Sedimentary Complex of Iberian Py-
rite Belt and Tercenas Formation of SWP Domain
(BM to LN miopore Biozones).

Previous records: From upper Givetian to mid-
dle Frasnian deposits worldwide (ALLEN, 1982;
BALME, 1988). However, in the SPZ C. triangu-
latus it occurs from the Frasnian to the upper Fa-
mennian age (BM to LN Miospore Biozones). The
occurrence in the upper Famennian of South Por-
tugal is interpreted as reworked miospores.

Genus DENSOSPORITES Berry emend Butter-
worth, Jansonius, Smith & Staplin 1964

Type species: Densosporites covensis Berry, 1937,
by original designation.

Densosporites annulatus (Loose) Schopf, Wilson &
Bentall emend Smith & Butterworth, 1967

Plate 8, Fig. 9
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1932 Sporonites annulatus Loose in Potonié , Thra-
him & Loose, p.451, pl. 18, fig.44.

1934 Zonales-sporites (Anulati-sporites) anulatus,
Loose, p.151.

1944 Densosporites annulatus (Loose) Schopf, Wil-
son & Bentall, p.40.

1950 Denso-sporites reynoldsburgensis Kosanke,
p.33, pl. 6,fig.9-11.

1956 Anulatisporites annulatus (Loose) Potonié &
Kremp, p.112, pl. 17, fig.365-372.

1967 Densosporites annulatus (Loose) Schopf, Wil-
son & Bentall emend Smith & Butterworth, p. 239,
pl. 19, fig.5-6.

Description: Miospores radial, trilete. Amb sub-
triangular. Suturae distinct, straight, simple, ex-
tending to inner margin of the cingulum. Intexine
thin, laevigate. Central area of the exoexine thin,
laevigate. Cingulum narrow, tapering very slightly
towards the equator, laevigate, occupying about
two-fifths of the total spore diameter.

Dimensions: 32-56 um; 26 specimens.

Occurrence: Murragdo, Quebradas and Brejeira
Formations (NL to SS Miospore Biozones).

Densosporites rarispinosum Playford, 1962
Plate 8, Fig. 10-12

1962 Densosporites rarispinosum Playford, p. 630,
pl. 89, figs.18-21.

Description: Miospores radial, trilete. Amb more or
less conformable with the convexly subtriangular
spore body outline. Suturae simple, perceptible to
distinet, straight or sinuous, extending equatorial-
ly 2.0-4.0 um beyond body magin, Distal sculpture
composed of sparcely and irregularly distributed
simple spines (1.0-3.0 um in height, bases circular
to subcircular in about 0.5-1.5 um in diameter),
which also project from the equatorial margin,
Apart from this sculputure, spore body and cin-
gulum laevigate to finely punctate. Cingulum non
tapering and much darker in colour than spore
body.

Dimensions: 40-50 pum; 8 specimens.

Occurrence: Murragio Formation of SWP Domain
and Mértola Formation of BAFG (Viséan age).

Densosporites spitsbergensis Playford, 1963
Plate 8, Fig. 13

Description: Miospores radial, trilete. Amb sub-
triangular conformable with the spore body
outline. Suturae simple, perceptible to distinct,
straight or sinuous, extending on to the cingulum
as thicknened, elevated ridges which often reach
the equatorial margin. Cingulum darker in co-
lour than body, small and gradual equatorial de-
crease in thickness. Distal exoexine and cingulum,
sculptured with proeminent spinae (1.5-5.0 um in
length and 1.0-4.0 um in basal diameter) packed
and frequently coalescent at their bases forming
cristae around inner margin of cingulum, reduced
in size and density in equatorial region. Intexine
generally indistinct, laevigate.

Dimensions: 40-62 um; 41 specimens.

Occurrence: Tercenas and Bordalete Formations
(LN to PC miospores Biozones).

Previous records: From the uppermost Famen-
nian to Tournaisian of Portugal (PEREIRA, 1999;
PEREIRA et al., 1994, 1996), uppermost Famen-
nian toTournaisian of Ireland (KEEGAN, 1977;
HIGGS et al., 1988), Tournaisian of South Wales
(MCNESTRY, 1988) and Tournaisian to upper
Viséan of Spitsbergen (PLAYFORD, 1962).

Genus INDOTRIRADIATES Tiwari emend. Foster,
1979

Type species: Indotriradiates korbaensis Tiwari,
1964; by original designation.

Indotriradiates explanatus (Luber) Playford, 1991
Plate 8, Fig. 14

1941 Zonotriletes explanatus Luber in Luber &
Waltz, p.10, pl. 1, fig.4.

1963 Hymenozonotriletes explanatus (Luber) Kedo,
p.67, pl. 6, fig.144-147.



1974 Hymenozonotriletes tenuicostatus Kedo, p. 45-
46, pl. 11, fig.8-10.

1977 Samarisporites sp. cf. Hymenozonotriletes ex-
planatus (Luber) Kedo, Streel, p.404, pl. 2, fig.1.

1978 Hymenozonotriletes explanatus (Luber) Kedo
morphological type ii; Turnau, p.13, pl. 5, fig.18.

1991 Indotriradiates explanatus (Luber) Playford,
pl. 103, pl. 3, figs. 17, 18.

Description: Miospores radial, trilete. Amb con-
vexly to rounded subtriangular. Suturae distinet,
straight, accompanied by labra of 1.0-2.5 um in
height and extending to the inner margin of zona.
Exine two-layered. Intexine thin, laevigate, radius
two-thirds to three-quarters of total spore radius,
outline conformable with amb. Exoexine extend-
ed equatorially to form a zona 7.0-13.5 um wide,
its inner margin relatively thick, dark-coloured
band 3.0-8.0 um. Distal and equatorial sculpture
of exoexine (including zona) consisting mainly of
discrete (2-8 um apart) coni, spinae, and rare ver-
rucae, 1.0-3.5 pym in basal diameter and height.
Proximal exoexine laevigate to infrapunctate. Oc-
casional compression folds are present.

Dimension: Exoexine 50-87 um; intexine 35-70
pm; 16 specimens.

Occurrence: Tercenas and Bordalete Formations
(LE to PC miospores Biozones).

Previous records: From uppermost Devonian to
Lower Carboniferous strata, it is a cosmopolitan
specie reported worldwide (HIGGS et al., 1988;
PLAYFORD, 1991). In SPZ was documented by
PEREIRA (1999), GONZALEZ et al. (2005) and
PEREIRA et al. (2007).

Indotriradites mitratus (Higgs) Higgs, 1996
Plate 8, Fig. 16

1975 Kraeuselisporites mitratus Higgs, p. 401, pl
7, fig.13.

1996 Indotriradites mitratus (Higgs) Higgs, p.
274.

Description: Miospores radial, trilete. Amb
rounded to convexly triangular. Suturae distinet,
straight, accompanied by labra of 1.0-3.0 pm in
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height and extending to the spore margin. Exine
two-layered. Exoexine extended equatorially to
form a zona, 6.0-12.0 in width. The zona is thicker
along the inner margin forming a darkened band,
the outer margin of the zona is thinner and fibrous.
Distal exoexine and zona ornamented with closely
spaced spinae and galea which are wide, broad
and bulbous based, about 2.0-5.0 um in diameter
and tapering uniformly to pointed apices, in over-
all height about 4.0-10.5 pm. Elements discrete to
fused at bases. Intexine distinct to obscure, laevi-
gate, outline comformable with the amb. Exine in-
fragranulate.

Dimensions: 5-76 pm; 21 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Genus KRAEUSELISPORITES Leschik emend Jan-
sonius 1962

Type specie Kraeuselisporites dentatus Leschik
1956

Kraeuselisporites fasciatus Higgs, 1975
Plate 8, Fig. 15

1975 Kraeuselisporites fasciatus Higgs, p.400-401,
pl. 6, fig.13-14.

Description: Miospores radial, trilete. Amb subtri-
angular. Suturae distinct, straight to sinuous, ac-
companied by labra of 2.5-6.0 um in height and
extending to the spore margin finishing in curva-
tura perfectae. Exoexine extended equatorially to
form a thinner zona, 3.0-15.0 in width. The zona is
darker in internal margin, forming a band of about
3.0-5.0 um in size. Intexina distinct, laevigate,
outline more triangular than the spore equatorial
shape, laevigate and frequently folded.

Dimensions: 60-120 pm; 33 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Genus LYCOSPORA Schopf, Wilson & Bentall
emend R. Potonié & Kremp, 1954
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Type specie Lycospora micropapillata (Wilson &
Coe) Schopf, Wilson & Bentall, 1944; by original
designation.

Lycospora pusilla (Ibrahim) Schopf, Wilson &
Bentall, 1944

Plate 8, Figs. 18, 19

1932 Sporonites pusillus Ibrahim in Potonié, Ibra-
him & Loose, p.448, pl. 15, fig.19.

1933 Zonales-sporites pusillus Ibrahim, p.32, pl. 2,
fig.20.

1938 Zonotriletes pusillus (Ibrahim) Waltz in Luber
& Waltz, p.33, pl. 3, fig. 105.

1944 Lycospora pusilla (Ibrahim) Schopf, Wilson &
Bentall, p.54.

Description: Miospores radial, trilete. Amb roun-
ded to triangular, smooth to indented margin. Su-
turae distincet, straight, and extending to the spore
equator. Exine, often rupture along suturae, laevi-
gate to sculptured with fine granulate ornaments.
Cingulum with or without flange like extension. In
polar compression inner darker zone of cingulum
narrow, about 1.5 pm in width. Total thickness
of cingulum up to 3.0 pm. Folds of very narrow,
taper-pointed type are present normally located
pa-rallel to inner margin of cingulum. Exine, inclu-
ding cingulum, finely granulate and thin.

Dimensions: 30-40 um; 63 specimens.

Occurrence: Murracdo and Quebradas Formations
of SWP Domain, Mértola, Mira and Brejeira For-
mations of BAFG (Viséan to Moscovian).

Genus RADIIZONATES Staplin & Jansonius 1964

Type specie Radiizonates aligerens (Knox) Staplin
& Jansonius 1964

Radiizonates aligerens (Knox) Staplin & Jansonius,
1964

Plate 8, Fig. 17

1950 Cirratriradites aligerens Knox, p.329, pl. 19,
fig.288.

1964 Radiizonates aligerens (Knox) Staplin & Jan-

sonius, p. 106, pl. 18, fig.23-28.

Description: Miospores radial, trilete. Amb cir-
cular to subtriangular. Suturae distinct, straight,
and extending to the spore equator. Exine two la-
yered. Intexine not visible. Central proximal area
of exoexine frequently lost, but when preserved,
show fine sutural features and extending to inner
edge of zona. Zona variable in size, with irregular
radial ribs and gouge structure that extends to the
equatorial margin on both proximal and distal sur-
faces.

Dimensions: 70-90 um; 8 specimens.

Occurrence: Brejeira Formation (Ra Miospore Bio-
zone).

Genus VALLATISPORITES Hacquebard 1957
emend Sullivan 1964

Type species: Vallatisporites vallatus Hacquebard,
1957; by original designation.

Vallatisporites verrucosus Hacquebard, 1957

Plate 8, Figs. 21-22

1957 Vallatisporites verrucosus Hacquebard, p.
313; pl. 2, fig. 13.

Description: Miospores radial, trilete. Amb roun-
ded subtriangular to subcircular, Suturae distinct
or indistinct, extending to intexinal margin and
bordered by labra of about 1-3 wm width. Exine
two-layered. Intexine 0.5 um thick, laevigate, out-
line conformable with amb. Exoexine extended
equatorially as a zona of about 6.0-10.0 um wide,
proximal inner margin of zona bearing elongate
vacuoles, 1.0-2.5 um in dimension. Outside
vacuolate inner margin, zona bearing small (0.5-
1.0 pm in basal diameter and height), distinct
spinae, rarely projecting equatorially. Non-zonate
distal exoexine sculptured with discrete or basally
fused verrucae of about 1.5-3.0 gm in basal diame-
ter, some of them biform, with superposed minute
spinose projections up to 1 pm high. Sculptural
elements somewhat larger and more densely dis-
tributed in distal polar region, rarely coalescing to
form rugulae. Proximal face laevigate to scabrate.



Dimensions: 55-64 um; 52 specimens.

Occurrence: Tercenas and Bordalete Formations of
SWP Domain (LN to PC Miospore Biozones).

Previous records: Widely recorded from the upper
Famenian and Tournaisian of Euramerica (HIGGS
et al,, 1988; PLAYFORD & MCGREGOR, 1993).
In Iberia was reported by PEREIRA et al. (1994),
(1996), (2007); PEREIRA (1997), (1999) and by
GONZALEZ et al. (2002), (2005) and MORENO et
al. (2003).

Vallatisporites microspinosus Clayton , Higgs &
Keegan, 1988

Plate 12, Fig. 20

1975 Vallatisporites sp. A Higgs, p.404, pl. 7, fig.7,
¥1.

Description: Miospores radial, trilete. Amb convex
triangular to subcircular with pointed apices and
serrate margin. Suturae distinct, straight, bordered
by labra of about 1.0-4.0 um width and extending
to spore margin. Exoexine extended equatorial to
form a zona of about 5.0-10.0 pm wide, proximal
inner margin of zona bearing vacuoles, of about
1.0-2.0 pm in dimension. Distal and equatorial
exoexine sculptured with sparse to evently dis-
tributed, discrete spinae and grana (1.0-4.0 um in
height and 0.5-2.0 pm in basal diameter). Intexine
0.5 um thick, outline conformable with amb, laevi-
gate and sometimes bearing reduced ornament of
fine spinae.

Dimensions: 33-45 pum; 57 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Vallatisporites pusillites (Kedo) Dolby & Neves,
1970

Plate 9, Figs. 1-2

1957 Hymenozonotriletes pusillites Kedo,p.22,pl 1,
fig1

1962 Cirratriradites hystricosus Winslow, p. 41, pl
18, fig 5
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1962 Cirratriradites sp. A Winslow, p. 42, pl 18,
fig 1-2

1970 Vallatisporites pussilites (Kedo) Dolby &
Neves, p. 639, pl 2, fig 1-4

Description: Miospores radial, trilete. Amb convex-
ly triangular. Suturae distinct to obscure, straight,
bordered by labra of about 1.0-5.0 pm width and
extending to spore margin. Intexine distinct, lae-
vigate to infragranulate, outline conformable with
amb. Exoexine extendended equatorial to form a
zona of about 5.0-12.0 um wide, proximal inner
margin of zona bearing radially aligned vacuoles,
of about 3.0-10.0 um in lenght. Distal and equato-
rial exoexine sculptured with discrete spinae and
galea (1.0-3.0 um in height and up to 7.0 ym in
basal diameter), aproximatly 6.0 apart in groups
of two or three.

Dimensions: 50-78 pm; 53 specimens.

Occurrence: Phyllite-Quartzite Group and Terce-
nas Formation (LN Miospore Biozone).

Vallatisporites hystricosus (Winslow) Byvscheva,
1985,

Plate 9, Fig. 3

1962 Cirratriradites hystricosus Winslow, p. 40, 41,
pl 18, fig5

1962 Cirratriradites sp. A Winslow, p. 41, pl 18,
figs 1-2.

1963 Hymenozonotriletes pusillites Kedo, Kedo, pl.
6, fig. 141, non. fig. 138-140, 142.

1970 Vallatisporites pussilites (Keda) Dolby &
Neves, p. 639, pl 2, fig 1-4

1985 Vallatisporites hystricosus (Winslow) Byvsche-
va, p. 136.

Remarks: This species accommodates forms which
possess spinae and galeae, 3.0-12.0 um in height.
Dimensions: 52-68 wm; 22 specimens.

Occurrence: Phyllite-Quartzite Group and Terce-
nas Formation (LN Miospore Biozone).

Suprasubturma PSEUDOSACCITRILETES Rich-



ardson, 1965

Infraturma MONOPSEUDOSACCITI Smith & But-
terworth, 1967

Genus ANCYROSPORA Richardson emend. Ri-
chardson 1962

Type species: Ancyrospora grandispinosa (Richard-
son) Richardson, 1962; by original designation.

Ancyrospora? andevalensis Gonzalez, Playford &
Moreno, 2008

Plate 9, Figs. 5, 6

2005 Ancyrospora? implicata Gonzalez, Moreno &
Playford, p. 24, pl. 6, Figs. 1-6.

Diagnosis: Miospores radial, trilete. Amb convexly
subtriangular to subcircular. Suturae distinct to
obscure, simple with labra 2.0-4.0 um in width,
extending to intexine margin. Intexine distinct to
indistinet, thin, laevigate, proximally attached to
exoexine, outline conformable with amb. Exoexine
two-layered. Inner layer 1.5-2.5 um thick, laevigate
to finely wrinkled, extending equatorially as a dark
flange, 5.0-15.0 pm wide, equatorially sculptured
with diserete, up to 25, conus and spina like pro-
jections, 3.0-15.0 pm in basal diameter, 5.0-22.5
pm in height, laevigate. Elements may be fused at
bases forming a “pseudozona” of about 3.0-10.0
um wide, termini truncate or multifurcate, with
minute spinules up to 1.5 ym long. Non-flanged
distal face unsculptured or bearing up to 7 dis-
crete elements, mainly truncate or bifurcate coni
and bacula, 5.0-22.5 um long, 3.0-5.0 um in basal
diameter, and 7.0-15.0 um apart. Quter exoexinal
layer distinetly thinner, laevigate, distinct to indis-
cernible, sometimes degraded or absent, surround-
ing the ancyrate elements.

Dimensions: 55-85 um; 37 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo and Phyllite-Quartzite
Group (VH Miospore Biozone). Very frequently ob-
served in the Cercal region.

Genus AURORASPORA Hoffmeister, Staplin &

Malloy 1955

Type species: Auroraspora solisortus Hoffmeister,
Staplin & Malloy, 1955; by original designation.

Auroraspora corporiga Higgs, Clayton & Keegan,
1988

Plate 9, Fig. 4

1988 Auroraspora corporiga Higgs Clayton &
Keegan, p. 69; pl. 9, figs. 13-16, 20

Description: Miospores radial, camerate, trilete.
Amb subeircular. Suturae distinet, straight, length
of two-thirds of spore radius, accompanied by nar-
row labra of about 1 um wide. Exine two-layered.
Exoexine 1.0-1.2 um thick, laevigate to scabrate.
Intexine thin, laevigate, proximally attached to
exoexine, excentrically disposed, circular to subeir-
cular in polar view, peripherally folded, diameter
about four-fifths that of exoexine.

Dimensions: 45-69 um; 15 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt, Terenas Bordalete Formations of SWP
Domain (LN to PC Miospore Biozones).

Previous records: From the Tournaisian of Ireland
(HIGGS et al., 1988), Belgium (Higgs, 1996) and
the uppermost Famennian of Portugal (PEREIRA,
1999) and Spain (GONZALEZ e tal., 2005).

Auroraspora macra Sullivan, 1968

Plate 9, Fig. 7, 8

1968 Auroraspora macra Sullivan, pp. 124- 125;
pl. 27, figs. 6-10.

Description: Miospores radial, camerate, trilete.
Amb subcircular or rarely rounded subtriangular,
Laesurae distinet, simple, straight, extending to
the margin of intexine. Exine two-layered, cavate,
Intexine 1.0-2.0 um thick, laevigate, outline con-
formable with amb. Exoexine laevigate or scabrate,
sometimes folded equatorially, conferring a weakly
undulate appearance to its margin.



Dimension: 35-62.5 um; 47 specimens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group and Volcano Sedimen-
tary Complex of Iberian Pyrite Belt, Terenas and
Bordalete Formations of SWP Domain (VH to PC
Miospore Biozones).

Previous records: From late Famennian through
Viséan deposits worldwide distributed, but is
markedly less frequent below the LN spore Bio-
zone (BECKER et al., 1974; STREEL & TRAVERSE,
1978).

Genus DIDUCITES Van Veen 1981

Type species: Diducites plicabilis Van Veen, 1981;
by original designation.

Remarks: The SPZ species described closely con-
form with those described and illustrated by VAN
VEEN, for the Tournaisian of Ireland, in the so-
called “Diducites mucronatus morphon™ (1981).

Diducites mucronatus (Kedo) emend. Van Veen,
1981

Plate 9, Fig. 9

1953 Hymenozonotriletes commutatus Naumova
non H. commutatus (Waltz) Ishchenko1952

1974 Hymenozonotriletes mucronatus Kedo in Gol-
ubtsov & Manjkin, p.40, pl. 10, fig11-13.

1977 Auroraspora commutata (Naumova) Keegan,
p. 554.

1981 Diducites mucronatus (Kedo) Van Veen, p.
275, pl. 3, fig. 8; pl. 4, fig.5,7; pl. 5, fig.1-6.

Description: Miospores radial, trilete, cavate. Amb
subcircular to convexly subtriangular. Suturae dis-
tinct to obscure, accompanied by narrow labra of
about 1 um wide, straight, reaching intexine mar-
gin. Intexine laevigate, 1.0-2.0 um thick, covering
two-thirds to three-quarters of total spore radius,
outline conformable with amb. Exoexine two-
layered. Inner layer thin, laevigate or scabrate, at-
tached proximally to intexine. Outer layer, clearly
thinner of about 0.5-1.5 um, densely covered by
narrow folds, just projecting beyond equator, re-

sulting in a rugulate appearance to the exoexine.
Dimensions: 40-75 um; 12 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas Formation of SWP Do-
main (LN to VI Miospore Biozones, rare in the VI
Biozone).

Previous records: From Famennian to lower Tour-
naisian of Europe (VAN VEEN, 1981, LOBOZIAK et
al., 1994, LOBOZIAK & STREEL, 1988 HIGGS et
al., 1988 HIGGS & STREEL, 1984 TURNER et al.,
1989, PEREIRA, 1999, FILIPIAK, 2004, GONZALEZ
et al., 2005, PEREIRA et al., 2007), Saudi Arabia
(CLAYTON et al., 2000), upper Frasnian to lower
Tournaisian of Russia (KEDO, 1957; KEDO et al.,
1971) and upper Famennian of Brazil (LOBOZIAK
et al., 1997).

Diducites poljessicus (Kedo) emend. Van Veen,
1981

Plate 9, Fig. 10

1957 Hymenozonotriletes poljessicus Kedo, p. 25,
pl. 3, fig.6-8.

1974 Auroraspora poljessica (Kedo) Streel in Beck-
er et al., p. 26, pl. 20, fig. 8-14.

1981 Diducites poljessicus (Kedo) emend. Van Veen,
p. 271273, pl. 4, fig. 1-4, 6.

Description: Miospores radial, trilete, cavate. Amb
subeircular to convexly subtriangular. Suturae dis-
tinct, extending to intexine margin, accompanied
by labra up to 2.0 pm in width. Intexine laevigate,
1.0-2.0 um thick, clearly folded, excentrically dis-
posed, attached proximally to exoexine and outline
unconformable with amb. Exoexine two-layered.
Inner layer laevigate or infragranulate, 1.0-1.5 pm
thick. Outer layer thinner, distinct to perceptible,
laevigate with fine, sinuous to straight folds, infre-
quently projecting beyond spore margin.

Dimensions: 58-72 um; 10 specimens.

Occurrence: Phyllite-Quartzite Group and Terce-
nas and Bordalete Formations of SWP Domain (LN
to PC Miospore Biozones).

Previous records: From the lower Famennian to
upper Tournaisian of Western Europe, Poland,



and Russia (KEDO, 1957, KEDO et al, 1971,
BECKER et al., 1974, HIGGS, 1975, LOBOZIAK &
STREEL, 1981, 1988, VAN VEEN, 1981, HIGGS &
STREEL, 1984, STREEL et al., 1987, HIGGS et al.,
1988, TURNER et al., 1989, PEREIRA et al., 1994,
PEREIRA, 1999, FILIPIAK, 2004, GONZALEZ et al.,
2005, PEREIRA et al., 2008) and upper Famennian
of U.S.A. (STREEL & TRAVERSE, 1978).

Diducites versabilis (Kedo) emend. Van Veen,
1981

Plate 9, Figs. 11, 16

1971 Hymenozonotriletes versabilis Kedo in Kedo et
al., pl. 11, fig. 4.

1974 Rugospora versabilis (Kedo) Streel in Becker,
Bless, Streel & Thorez, pl. 21, figs. 3-5.

1975 Auroraspora versabilis (Kedo) Turnau, p.
561; pl. 5, fig. 7.

1981 Diducites versabilis (Kedo) emend. Van Veen,
Pp. 268-269; pl. 2, figs. 5, 6; pl. 3, figs. 1-6, 9.

Description: Miospores radial, trilete. Amb subcir-
cular to convexly subtriangular with undulant mar-
gin. Suturae distinct to obscure, simple, straight,
extending to margin of intexine. Intexine 1.5-2.5
pm thick, laevigate, occupying one-half to three-
fifths of spore radius, with outline slightly more
triangular than amb. Exoexine two-layered. Inner
layer 1.0-1.5 pm thick, laevigate, attached prox-
imally to intexine. Outer layer up to 1.0-1.5 um
thick, laevigate or infrapunctate, with regularly
and often radially aligned distributed folds, 5-12
pm in length, up to 4 um wide, projecting beyond
equator.

Dimensions: 52-87.5 um; 14 specimens.

Occurrence: Phyllite-Quartzite Group and Terce-
nas Formation (LN Miospore Biozone).

Previous records: From the upper Famennian to
lower Tournaisian of Western Europe and Poland
(BECKER et al., 1974; HIGGS, 1975; TURNAU,
1975; VAN VEEN, 1981; LOBOZIAK & STREEL,
1981, 1988; HIGGS & STREEL, 1984; STREEL et
al., 1987; HIGGS et al., 1988; TURNER et al_, 1989;
LOBOZIAK et al., 1994; PEREIRA et al, 1994,
1996; FILIPIAK, 2004), and Spain (GONZALEZ et

al., 2005), lower Famennian to lower Tournaisian
of Russia (KEDO, 1957; KEDO et al., 1971); and
upper Famennian of Canada (MCGREGOR & MC-
CUTCHEON, 1988).

Genus CRISTICAVATISPORA Gonzalez, Moreno &
Playford 2005

Type species: Cristicavatispora dispersa Gonzilez,
Moreno & Playford, 2005

Cristicavatispora dispersa Gonzilez, Moreno &
Playford, 2005

Plate 9, Fig. 12-14

1971 Cristatisporites colliculus Playford, p.40-41,
pl. 14, fig. 1-2.

1973 Dictyotriletes cf. submarginatus Playford,
Bertensel, pl. 13 figs. 5-9.

1981 Asperispora perlota (Naumova) Van der
Zwan, Van der Zwan, pl. 3, figs. 4,5.

1988 Bascaudaspora collicula (Playford) Clayton,
Higgs & Keegan, p.65, pl. 7, figs. 15-17.

2005 Cristicavatispora dispersa Gonzdlez, Moreno
& Playford, p. 26, pl. 5, figs. 9-12.

Description: Miospores radial, trilete. Amb roun-
ded subtriangular with serrate margin. Suturae
distinet, straight to slightly curved, extending to
spore equator, bordered by labra of about 1.5-2.5
pm in width. Exine two-layered. Intexine distinct
to obscure, thin, laevigate, proximally attached to
exoexine, occupying at least three-quarters of to-
tal equatorial diameter, outline conformable with
amb. Exoexine 3.0-5.5 um thick, distally and equa-
torially sculptured with sinuous or anastomosing
cristae forming an irregular, highly imperfect re-
ticulum.

Dimensions: 42-65 um; 12 specimens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group and Volcano Sedimen-
tary Complex of Iberian Pyrite Belt (VH and LN
Miospore Biozones).



Genus ENDOCULEOSPORA Staplin emend Turnau
1975

Type species: Endoculeospora rarigranulata Staplin
1960

Remarks: Turnau (1975) emended the generic dia-
gnosis in order to include miospores with an orna-
ment of pila and bacula.

Endoculeospora gradzinskii Turnau, 1975
Plate 9, Fig. 15, 17

Description: Miospores radial, trilete. Amb subcir-
cular. Suturae distinet, straight, simple or with thin
labra, extending to margin of the intexine and ter-
minating with curvaturae. Intexine distinct, laevi-
gate, outline conformable with the amb. Exoexine
thin, distally and equatorially sculptured with coni
and small pila and bacula of about 0.5-1.5 gm in
height. Ornament discrete. Qcasionally body folds
are present.

Dimensions: 40-60 um; 35 specimens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group and Volcano Sedimen-
tary Complex of Iberian Pyrite Belt (VH and LN
Miospore Biozones). Very frequently observed in
samples of the Cercal region.

Genus ENDOSPORITES Wilson & Coe ex Schopf,
Wilson & Bentall 1944

Type species: Endosporites ornatus Wilson & Coe,
1940; by subsequent designation of Schopf, Wil-
son & Bentall (1944, p. 45).

Endosporites globiformis (Ibrahim) Schopf, Wilson
& Bentall, 1944

Plate 10, Fig. 1

1932 Sporonites globiformis Ibrahim in Potonié, Ib-
rahim & Loose, p. 447, pl. 14, fig.5.

1933 Zonales-sporites globiformis Ibrahim, p.28, pl.
1, fig.5.

1938 Sporonites globiformis (Ibrahim), Luber in
Luber & Waltz, pl. 8, fig. 103.
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1944 Endosporites globiformis (Ibrahim) Schopf,
Wilson & Bentall, p. 45.

Description: Spores radial, trilete. Amb subcir-
cular to rounded subtriangular. Suturae distinct,
straight to sinuous, with labra up to 6 gm high and
extending almost to equatorial margin. Exine two-
layered, cavate. Intexine distinct, laevigate, 1.5 um
thick, conformable with amb reaching one-half of
spore radius. Exoexine 0.5-1.0 um thick, laevigate,
granulate or microreticulate, with regular large
compression folds.

Dimensions: 86-140 um; 8 specimens.

Occurrence: Brejeira Formation of BAFG (SL
Miospore Biozone of Moscovian age).

Endosporites tuberosus Gonzdlez, Moreno & Play-
ford, 2005

Plate 10, Figs. 2, 3

1957 Endosporites micromanifestus Hacquebard,
p.317, pl. 3, fig. 16.

1958 Discernisporites concentricus Neves, p. 5, pl.
3, fig.7.

1960 Auroraspora micromanifestus (Hacquebard)
Richardson, p. 51.

1971 Endosporites tuberosus (Hacquebard) Sabry
& Neves, p.56, pl. 3, fig. 11.

1975 Endosporites tuberosus (auct. non Hacque-
bard) Sabry & Neves; Higgs, pl. 5, fig. 13.

1988 Endosporites tuberosus (auct. non Hacque-
bard) Sabry & Neves; Higgs, Clayton & Keegan, p.
76; pl. 14, fig. 9.

2005 Endosporites tuberosus Gonzélez, Moreno &
Playford, p. 30, PL. 6, Figs. 7-10

Diagnosis: Spores radial, trilete. Amb convexly
subtriangular. Suturae distinct, straight to sinuous,
with labra up to 6 um high and extending to equa-
torial margin. Exine two-layered, cavate. Intexine
distinct, laevigate, 0.5-1.5 um thick, conformable
with amb. Proximal intexine displaying 3 (rarely
up to 5) rounded, interradial papillae, about 3.0-
5.5 pm in diameter, in the polar region. Exoexine



104

1.0-1.5 um thick, laevigate, with infrequent large
compression folds.

Dimensions: 45-75 pm; 29 specimens.

Occurrence: Volcano Sedimentary Complex and
Tercenas and Bordalete Formations (LN to PC
Miospore Biozones)

Previous records: From the upper Famennian to
lower Tournaisian of Ireland (HIGGS, 1975; HIGGS
et al., 1988), Portugal (PEREIRA, 1999 as D. mi-
cromanifestus with papilla) and Spain (GONZALEZ
et al., 2005)

Genus EPIGRUSPORA Gonzilez, Moreno & Play-
ford 2005

Type species: Epigruspora regularis Gonzdlez,
Moreno & Playford 2005

Epigruspora regularis Gonzdlez, Moreno & Play-
ford, 2005

Plate 10, Fig. 4-6

2005 Epigruspora regularis Gonzdlez, Moreno &
Playford, p. 27, PL. 5, fig. 3-8

Description: Miospores radial, trilete. Amb con-
vexly subtriangular to subcircular. Suturae dis-
tinct, straight, extending the equator, bordered
by labra of about 1-3 um high. Exine two-layered,
cavate. [ntexine distinet, 0.5-1 um thick, laevigate,
attached proximally to exoexine, outline conform-
able with amb. Exoexine 1.5-2 um thick, laevigate
to infrapunctate, sculptured equatorially and dis-
tally with discrete (5.0 um apart), bacula, spinae,
moderately regularly disposed or fused. Sculptural
elements subcircular to rounded polygonal in ba-
sal outline, about 1.5-2.5 um in high, 1.0-3.0 pm
in basal diameter, rare small bacula, verrucae and
grana, may be distributed in the middle of the larg-
er elements. Proximal surface laevigate.

Dimensions 35-55 um; 17 specimens.

Occurrence: Neves Formation in Neves Corvo
mine region of Iberian Pyrite Belt (LN Miospore
Biozone).

Previous records: This species was only recorded
from upper Devonian of the Iberian South Portu-
guese Zone, in Spain (GONZALEZ et al., 2005) and

Portugal.

Genus GEMINOSPORA Balme 1962

Type species: Geminospora lemurata Balme emend
Playford, 1983; by original designation.

Geminospora spongiata Higgs, Clayton & Keegan,
1988

Plate 10, Fig. 7

1975 Geminospora cf. lemurata Higgs, p. 400; pl.
6, fig. 17.

1988 Geminospora spongiata Higgs, Clayton &
Keegan, p. 77; pl. 14, figs. 11- 15.

Description: Miospores radial, trilete. Amb convex-
ly subtriangular to subcircular. Suturae distinct,
straight, extending at least three-quarters of dis-
tance to equator, bordered by labra of about 2 um
wide. Exine two-layered, cavate. Intexine distinct
to visible, up to 0.5 um thick, laevigate, sometimes
peripherally folded, attached proximally to exoexi-
ne, diameter about three-quarters to four-fifths of
total diameter. Exoexine 1.5-2.0 pm thick, proxi-
mally laevigate, sculptured distally and equatorial-
ly with minute (0.3-1.0 um wide basally and high)
grana and coni. Sculptural elements regularly dis-
posed, discrete about 1.5 pm apart, or rarely fused
at bases. Equatorial exoexine marked by crassitude
3.5-5.5 um wide.

Dimensions: 35-52.5 um; 10 specimens.

Occurrence: Ribeira de Limas, Gafo Formations,
Sta Iria, Horta da Torre and Represa Formations
of Pulo do Lobo domain, Phyllite-Quartzite Group
and Volcano Sedimentary Complex of Iberian Py-
rite Belt and Tercenas and Bordalete Formations
(VH to PC Miospores Biozones).

Previous records: From the uppermost Famen-
nian to Tournaisian of Ireland (HIGGS et al.,
1988), Portugal (PEREIRA et al., 1994), and Spain
(GONZALEZ et al., 2002; 2005).

Geminospora lemurata Balme emend. Playford,
1983



Plate 10, Figs. 8, 9

1962 Geminospora lemurata Balme, p.5, pl. 1,
fig.5-10.

1983 Geminospora lemurata Balme emend Play-
ford, p.316, fig.1-9.

Description: Miospores radial, trilete. Amb convex-
ly subtriangular to subcircular. Suturae distinct,
straight, extending at least three-quarters of dis-
tance to equator, bordered by labra of about 1.0-
3.5 pm wide. Curvaturae perfectae visible to invi-
sible. Exine two-layered, cavate. Intexine distinct
to visible, up to 0.5 um thick, laevigate. Exoexine
2.0 pm thick, sculptured distally and equatorially
with microconi and microspinae (0.5-1.0 pm wide
basally and 0.5-1.5 pum high). Sculptural elements
regularly disposed, discrete about 2.0 um apart, or
fused at bases. Equatorial exoexine laevigate, 0.5-
1.0 um thick with compression folds common.

Dimensions: Exoexine 39-60 um; 36 specimens.

Occurrence:Ribeira de Limas, Gafo and Sta Iria,
Horta da Torre and Represa Formations of Pulo do
Lobo Domain, Phyllite-Quartzite Group and Vol-
cano Sedimentary Complex of Iberian Pyrite Belt
and Tercenas Formation of SWP Domain (AD, BM,
and VH to LN miospores Biozones).

Previous records: From the Givetian to upper
Frasnian worldwide, specially abundant in the
Givetian/Fransnian bondary (PLAYFORD, 1983;
BALME, 1988; RICHADSON & MCGREGOR, 1986;
MCGREGOR & PLAYFORD, 1993; BALME, 1995).
Nevertheless, in the SPZ it occurs regularly in the
upper Famennian age (VH to LN Miospore Bio-
zones), this occurrence is interpreted as reworked
miospores (PEREIRA, 1999, PEREIRA et al., 2006,
2007).

Genus GRANDISPORA Hoffmeister, Staplin & Mal-
loy emend. McGregor 1973

Type species: Grandispora spinosa Hoffmeister,
Staplin & Malloy, 1955; by original designation.

Grandispora acuta Higgs, Higgs, Avkhimovitch,
Loboziak, Maziane-Serraj, Stempien-Salek &
Streel 2000

Plate 11, Figs. 6, 7
1980 Grandispora acuta (Kedo) Byvscheva, p. 55.

1980 Asperispora acutus (Kedo) Van der Zwan, p.
226, pl. 13, figs. 1-5.

1985 Cymbosporites acutus (Kedo) Byvscheva, p.
127, pl. 24, fig. 13.

1988 Spinozonotriletes saurotus Clayton, Higgs &
Keegan, p. 77, pl. 15, figs.1-3,5.

1993 Grandispora saurota (Higgs, Clayton &
Keegan) Playford & McGregor, pp. 38-39, pl. 17,
figs. 1-11.

2000 Grandispora acuta Higgs, Avkhimovitch, Lo-
boziak, Maziane-Serraj, Stempien-Salek & Streel,
p. 213, pl. 1, figs. 1-6.

Description: Miospores radial, trilete. Amb subeir-
cular to rounded subtriangular. Suturae distinct,
straight, bordered with narrow labra of about 2.0-
3.0 um high. Exine two layered. Intexine distinct,
laevigate, conformable with the amb.,

Exoexine sculptures with prominent spinae and
galae, of basal diameter 4.0-8.0 um and up to 10.0-
12.0 pm high. Elements are subcircular in basal
outline, discrete but commonly coalescent forming
a sinouos cristae up to 23 pm in length.

Dimensions: 36-55 um; 54 specimens.

Occurrence: Tercenas and Bordalete Formations
(LN to PC Miospores Biozones).

Previous records: From the uppermost Devonian
to Lower Carboniferous of Ireland (HIGGS et al.,
1988) and Portugal (PEREIRA, 1997).

Grandispora cornuta Higgs, 1975
Plate 10, Figs. 10-14
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1975 Grandispora cornuta Higgs, pp. 398- 399; pl.
4, figs. 4-6.

Description; Miospores radial, trilete. Amb con-
vexly triangular to subcircular. Suturae distinct,
straight, extending almost to equator, accompa-
nied by narrow labra 2.5-5.0 um high. Exine two-
layered. Intexine distinct to weakly defined, laevi-
gate, 0.5 to 1.0 um thick, sometimes folded in the
margin. Exoexine 1.5-2.5 um thick, sculptured dis-
tally and equatorially with discrete (4.0-11.0 um
apart), evenly distributed spinae, 4.5-8.0 um high,
bases circular in outline, 2.0-3.5 um in diameter,
occasionally bulbous.

Dimension: 42-75 um; 47 specimens,

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Voleano Sedimentary Complex of Iberi-
an Pyrite Belt, Terenas Formation of SWP Domain
(VH to LN Miospore Biozones).

Previous records: From the uppermost Devonian
to Lower Carboniferous of Ireland (HIGGS, 1975;
HIGGS et al., 1988) and Poland (FILIPIAK, 2004),
upper Famennian of Germany (HIGGS & STREEL,
1984), and uppermost Famennian of Algeria (CO-
QUEL & LATRECHE, 1989), Portugal (PEREIRA et
al., 1994; PEREIRA, 1999; PEREIRA et al., 2006;
2007) and Spain (GONZALEZ et al., 2002).

Grandispora echinata Hacquebard emend Utting,
1987

Plate 11, Figs.1-5

1957 Grandispora echinata Hacquebard, p. 317; pl.
3, fig. 17.

1987 Spelaeotriletes  echinatus  (Hacquebard)
emend. Utting, p. 33; pl. 4, figs. 9-12.

1993 Grandispora echinata Hacquebard emend.
Utting 1987; Playford & Mc- Gregor, pp. 37-38; pl.
16, figs. 4-6, 7a,b.

Description: Miospores radial, trilete. Amb convex-
ly subtriangular to subcircular. Suturae straight,
bordered by narrow labra of 2.5-5.0 wm high,
reaching almost to equator where curvature imper-
fectae are developed. Exine two-layered. Intexine
laevigate, up to 0.5 um thick, folded, occupying al-

most four-fifths of overall spore diameter, outline
in polar view conformable with amb. Rarely featu-
ring three small, rounded apical papillae. Exoexine
thin (1.0-1.5 pm thick), sculptured proximally and
equatorially with discrete spinae, coni and secon-
dary galeae 1.0-3.0 um high, 0.5-2.5 um in basal
diameter, 1.0-8.0 um apart.

Dimensions: 40-76 um; 37 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt and Terenas and Bordalete For-
mations of SWP Domain (VH to LN and VI to PC
Miospore Biozones).

Previous records: Extensively described from up-
per Famennian to lower Tournaisian (less com-
monly upper Tournaisian) strata of the northern
hemisphere (HIGGS et al., 1988; PLAYFORD &
MCGREGOR, 1993).

Grandispora protea (Naumova) Moreau-Benoit,
1980

Plate 11, Fig. 14

1953 Hymenogonotriletes proteus Naumova, p. 40,
Pl 4, fig.5

1965 Calyptosporites proteus (Naumova) Allen, p.
735, Pl. 103, figs. 10, 11.

1967 (?) Hymenozonotriletes proteus Naumova;
McGregor, 1967 p. 40, pl. 4, fig. 5.

1980 Grandispora protea (Naumova) Moreau-Be-
noit, p. 37, Pl. 11, fig. 6.

Description: Miospores radial, trilete. Amb rounded
subtriangular. Suturae straight, hidden by elevated
triradial exoexinal folds. Exine two-layered. Inte-
xine distinct, laevigate, up to 1.5 um thick. Exoexi-
ne thin (1.0-2.5 pm thick), commonly with minor
folds, sculptured proximally and equatorially with
discrete verrucae, rounded coni and rarely spinae
and biform elements, 1.0-7.0 um high, 1.5-5.5 um
in basal diameter, 2.0-8.0 um apart.

Dimensions: 95-105 um; 9 specimens.

Occurrence: Phyllite-Quartzite Group (AD Miospore
Biozone, subzone lem).

Previous records: Extensively described from



Givetian worldwide (MCGREGOR & CAMFIELD,
1982; LOBOZIAK & STREEL, 1989; LOBOZIAK &
STREEL, 1995; VILLE DE GOYET ET AL., 2007).

Grandispora variospinosa McGregor & Camfield,
1982

Plate 11, Figs. 13

1972 Spinozonotriletes sp. A, McGregor & Uyeno,
Pl. 2, Fig.1.

1976 Grandispora longus Chi & Hills, p. 752, PL
14, figs 3-6.1982 Grandispora variospinosa McGre-
gor & Camfield, p. 47, pl. 12, figs. 5,6.

Description: Miospores radial, trilete, Amb rounded
subtriangular or circular. Suturae straight, hidden
by prominent folds, like labra up to 10-15 um high,
often open, extending to beyond the spore margin,
commonly to the equator. Exine two-layered. In-
texine distinct, laevigate, up to 1.0-3.5 um thick,
with distinct to indistinet margin. Exoexine thin
(1.0-2.5 pm thick), commonly with minor folds.
Exine sculptured proximally and equatorially with
discrete spinae and biform elements, some with an
expanded bases, commonly tapering to a rounded
point or surmounted by a small cone or spine. 5.0-
12.0 pm high, 2.5-6.5 um in basal diameter, 2.0-
7.0 um apart.

Dimensions; 75-118 um; 7 specimens.

Occurrence: Phyllite-Quartzite Group (AD Miospore
Biozone, subzone lem)

Genus RETISPORA Staplin 1960

Type species: Retispora florida Staplin, 1960; by
original designation.

Retispora lepidophyta (Kedo) Playford, 1976
Plate 11, Figs. 8-10

1957 Hymenozonotriletes lepidophytus Kedo, p. 24;
pl. II, figs. 19-21.

1976 Retispora lepidophyta (Kedo) Playford, pp.
45-46; pl. 10, figs. 1-15.

For further synonymy see Playford (1976, p. 45)
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and Byvsheva (1985, p.140).

Description: Miospores radial, trilete. Amb convex-
Iy subtriangular to subcircular. Suturae distinct,
extending almost to equator, commonly bordered
by labra 2.0-3.0 um wide overall. Exine two-lay-
ered. Exoexine 1.5-2.0 pm thick, distally reticulate
to foveolate with rounded to elongate lumina, 1.5-
4.0 um in maximum diameter and muri, 0,5-2.0
um wide, sometimes accompanied by grana and
minute coni (up to 0.5 wm high). Intexine 0.5-1.5
um thick, laevigate, outline in polar view conform-
able with amb, occupying about two-thirds to
three-quarters of exoexinal cavum. Frequently, 3
rounded apical papillae, about 3 pm in maximum
diameter, developed interradially (see Plate 11,
Fig. 10).

Dimensions 40-98 um; 154 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian Py-
rite Belt and Terenas Formation of SWP Domain.

Previous records: Reported worldwide from upper-
most Devonian deposits, its stratigraphic extinction
closely approximates the Devonian-Carboniferous
boundary (OWENS & STREEL, 1967, RICHARD-
SON & MCGREGOR, 1986, STREEL et al., 1987,
TURNER et al., 1989, CLAYTON etal., 1991, PLAY-
FORD, 1993, PLAYFORD & MCGREGOR, 1993,
PEREIRA et al., 1994, PEREIRA 1999).

Retispora macroreticulata (Kedo) Byvsheva, 1985
Plate 11, Figs. 11, 12

Description: Miospores radial, trilete. Amb convex-
ly subtriangular to subcircular. Suturae distinct,
extending almost to equator. Exine two-layered.
Exoexine 1.5-2.0 um thick, distally reticulate to fo-
veolate with rounded to elongate lumina, 5.5-15.0
pm in maximum diameter and muri, 2.0-4.5 pm
wide, sometimes accompanied by grana and coni
(up to 1.5 um high). Intexine 1.0-1.5 um thick,
laevigate, outline in polar view conformable with
amb, occupying about two-thirds to three-quarters
of exoexinal cavum.

Dimensions: 65-135 um; 12 specimens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt (VH Miospore Biozone).
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Genus RUGOSPORA Neves & Owens 1966

Type species: Rugospora corporata Neves & Owens,
1966; by original designation.

Rugospora explicata Gonzdlez, Moreno & Playford,
2005

Plate 11, Figs. 15-17

2005 Rugospora explicata Gonzdlez, Moreno &
Playford, p.33, pl. 7, figs. 14-18, pl. 8, figs. 1-3.

Description: Miospores radial, trilete. Amb sub-
triangular to subeirclar, Suturae distinct, straight,
extending almost to equatorial margin, simple or
bordered by labra of about 1.5-3.5 um in width.
Intexine indistinct, laevigate, 1.0-1.5 um thick,
closely appressed to exoexine, occupying about
90-95% of overall spore diameter. Exoexine thin,
1.0-1.5 um thick, proximally laevigate or scabrate,
sculptured distally with relatively short, narrow,
sinuous, rounded rugulae (up to 8.0-9.0 um long
and 0.5-2 um broad) both branching and freely
terminating. Rugulae 1.0-2.5 um high, projecting
equatorially and bearing low, broad-based coni,
bacula, and minor pila, 0.5-1.5 um broad basally
and up to 2 um high.

Dimensions: 40 - 55 um; 35 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt (VH to LN Biozone).

Previous records: This species was only recorded
from late Devonian of the Iberian South Portu-
guese Zone, in Spain (GONZALEZ et al., 2005) and
Portugal (PEREIRA et al., 2006; 2007).

Rugospora flexuosa (Jushko) Streel, 1974
Plate 12, Figs. 1,2
1960 Trachytriletes flexuosus Jushko, Tab.1, fig.4.

1967 Hymenozonotriletes famenensis Kedo, Neves
& Dolby, pl. 2.

1974 Rugospora flexuosa (Jushko) Streel em Beck-
er et al., 1974, pl. 21, fig.8-11.

1976 Trachytriletes radiatus Byvscheva, pl. 14,
fig.17-18.

1981 Rugospora flexuosa (Jushko) Streel, Van
Veen, pl. 6, fig.5.

1984 Rugospora flexuosa (Jushko) Streel, Higgs &
Streel, pl. 3, fig.14,15.

1985 Rugospora radiata (Jushko) Byvsheva, pp.
148-149, pl. 30, figs. 6-8.

1988 Rugospora flexuosa (Jushko) Streel, Higgs et
al, p.72, pl. 12, fig.2,3,7.

1989 Synosporites flexuosa (Jushko) Streel, Rich-
ardson & Ahmed, p.551, pl. 2, figl-3.

Description: Miospores radial, trilete. Amb con-
vexly subtriangular. Suturae distinct or obscured
by sculpture, straight to slightly sinuous, extend-
ing almost to equator, bordered with narrow la-
bra of about 1.0-3.0 um in overall width. Exoexine
laevigate to scabrate, 2.0-3.0 um thick, sculptured
distally with rugulae 1.0-3.5 um wide, 3.0-16 um
long, rugulae sinuous to furcate, irregularly or ra-
dially arranged reaching equator. Intexine often
impossible to differentiate, laevigate. Intexinal
body comprising 90-95% of total diameter, outline
in polar orientation, conformable with amb.

Dimensions: 40-82 um; 156 specimens.

Remarks: The SPZ specimens observed display a
morphological evolution from forms with small,
sinuous, irregularly disposed rugulae to forms
with coarser, slightly curved, radially oriented
folds. Miospores in the latter category have been
characterized as Rugospora flexuosa (Jushko) By-
vsheva, 1985. Following GONZALEZ et al., 2005,
that mention that “no arbitrary distinction can be
erected in terms of shape, size and arrangement of
rugulae”, the SPZ species studied are also consid-
ered as a junior synonym of R. flexuosa (Jushko)
Streel, 1974,

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt and Tercenas Formation of SWP
Domain (VH to LN Biozone).

Previous records: Widely recorded from the upper
Famennian of Euramerica. In Portugal was first
recovered in SWP Domain (PEREIRA et al., 1994,
1996; PEREIRA, 1999).



Genus SPELAEOTRILETES Neves & Owens 1966

Type species: Spelaeotriletes triangulus Neves &
Owens, 1966; by original designation.

Discussion and comparison: See PLAYFORD et al.
(2001).

Spelaeotriletes arenaceus Neves and Owens, 1966
Plate 12, Figs. 3, 4

1966 Spelaeotriletes arenaceus Neves and Owens,
pp. 345-346; pl. I, figs. 1-3.

1967 Lophotriletes coniferus auct. non Hughes and
Playford 1961; Felix and Burbridge (pars), p. 365;
pl. 55, fig. 1.

1976 Imucogosporis dulcis Bharadwaj, Kar, and Na-
vale (pars), p. 68; pl. 1, figs. 11, 12 (non pl. 1,
figs. 9, 10, 713),

1979 Spelaeotriletes dulcis (Bharadwaj, Kar, and
Navale) Playford and Powis (pars), p. 388.

Description: Spores radial, trilete. Amb convexly
subtriangular with rounded apices and convex
sides, less commonly subcircular. Suturae per-
ceptible to distinct, straight reaching to margin of
spore. Intexine, thin constituting slightly darker in-
ner body with distinct or perceptible margin that,
in polar orientation, is conformable with amb. Exo-
exine about 1.0-2.0 um thick, laevigate proximally
on the extensive contact faces, sculptured distally,
equatorially, and on proximo-equatorial radii with
composite, mostly discrete elements of small ver-
rucae and coni, together with scattered bacula and
pila. Elements of 1.0-2.5um in basal width and 0.8-
2.0 um high, irregularly distributed (up to 4.5 um
apart) or basally fused.

Dimensions:52-95 pm; 14 specimens.

Occurrence: Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt, Graga Formation of Lower Viséan
age (TS Miospore Biozone).

Spelaeotriletes balteatus (Playford) Higgs, 2006
Plate 12, Fig.5
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1963 Spinozonotriletes balteatus Playford, p.675,
pl. 94, fig.4-6.

1964 Crassispora balteata (Playford) Sullivan,
p.376.

1971 Grandispora balteata (Playford) Playford,
p.46.

1975 Spelacotriletes balteatus (Playford) Higgs,
p.400, pl. 6, fig.10.

2006 Spelaeotriletes balteatus (Playford) Higgs, p.
291.

Description: Miospores radial, trilete. Amb roun-
ded to convexly triangular. Suturae distinct or ob-
scured by sculpture, straight to slightly sinuous,
with narrow labra and extending to the equatorial
margin and terminating in curvaturae. Proximal
surface laevigate except at the radial extremities.
Distal exoexine densely ornamented with small
coni and subordinate grana up to 2.5-3.0 um in
height, very rare small mammillae and verrucae
are present. Ornament discrete but bases may fuse
to form low short rugulae and cristae. Intexine
thin, laevigate, perceptible to obscure outline, con-
formable with amb.

Dimensions: Exoexine 45-95 um; intexine 32-60
pm; 28 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Spelaeotriletes pretiosus (Playford) Neves & Belt,
1970

Plate 12, Figs. 6, 7

1964 Pustulatisporites pretiosus Playford, p.19, pl.
4, fig. 7-9.

1969 Pustulatisporites cf. pretiosus Playford in Lan-
zoni & Magloire, p.454, pl. 1, fig. 17-19.

1970 Spelaeotriletes pretiosus (Playford) Neves &
Belt, p. 1241.

Description: Miospores radial, camerate, trilete.
Amb rounded to convexly triangular with rounded
to slightly pointed apices. Suturae distinct or ob-
scured by sculpture, straight to slightly sinuous,
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extending to the equatorial margin and termina-
ting in curvaturae imperfectae. Exine, infragranu-
late, 2.0-3.0 um thick at the equator. Exoexine,
2 pum thick, densely ornamented wih low, simple
verrucae, mammillate verrucae and spinae. Ele-
ments of verrucae subcircular in basal outline with
rounded, flattened or more frequently mammillate
tops, 1-4 um height and 2.5-7.5 um in width, with
discrete or combined bases forming very large ir-
regular verrucae. Spinae 1.0-4.0 um in lenght and
1.0-3.5 pm in basal diameter. Intexine distinet 1.5-
2.5 pm thick and laevigate.

Dimensions: Exoexine 65-104 um; intexine 35-65
pm; 17 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone) .

Remarks: The specimens of S. pretiosus recorded
from SPZ are smaller than the original descrip-
tions of PLAYFORD (1964) and UTTING (1987).
The dimension are closer to the Irish specimens
described by HIGGS et al, 1988 (exoexine 68-110
um, intexine 35-70 um).

Genus TEICHERTOSPORA Balme 1988

Type species: Teichertospora torquata (Higgs) Mc-
Gregor & Playford, 1990; originally designated,
as T. cuvierica Balme, 1988, by Balme (1988, p.
163).

Teichertospora iberica Gonzélez, Moreno & Play-
ford, 2005

Plate 12, Figs. 8,9

2005 Teichertospora iberica Gonzélez, Moreno &
Playford, p.35, Pl. 8, Figs. 10-15, 18,

Description: Miospores radial, trilete. Amb roun-
ded subtriangular. Suturae distinct, slightly sinu-
ous, extending at least two-thirds of distance to in-
texine margin, bordered by labra 2.5-4.0 um high,
2.0-3.5 um wide overall, commonly extending
beyond laesurae as exoexinal plications reaching
equator. Exine two-layered. Intexine distinct, lae-
vigate, unfolded, about 0.5-1.0 um thick, circular
to subcircular in outline (polar view), rounded to
rouded triangular, attached proximally to exoexi-

ne and occupying two-thirds to four-fifths of total
diameter. Exoexine 1.5- 2.5 um thick, endoreticu-
late, with muri 0.2-1.0 gm wide and rounded to
elongate lumina 0.1-4.0 um, endoreticulum more
clearly discernible in equatorial region of well-pre-
served specimens. Distal surface of exoexine com-
monly accompanied by few, irregular or sinuous,
radially disposed folds, up to 16 um long, rarely
extending beyond intexine periphery.

Dimensions: 45-64 um; 17 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Ibe-
rian Pyrite Belt (VH to LN Biozone).

Previous records: This specie was only recorded
from upper Devonian of the Iberian Soth Portu-
guese Zone, in Spain (GONZALEZ et al., 2005) and
Portugal (PEREIRA et al., 2006; 2007).

Infraturma MEMBRANATI Neves 1961
Genus PROPISPORITES Neves 1958
Type species: Propisporites rugosus Neves 1958

Propisporites laevigatus Neves, 1961
Plate 12, Fig. 12

1961 Propisporites laevigatus Neves, p. 269, pl. 33,
fig. 9-10.

Description: Trilete spore, equatorial outline of
spore body rounded triangular. Suturae simple,
straight occupying almost three-quarters of the ra-
dius of the spore body. Exine laevigate, strongly
folded over the laevigate spore body. The folds, are
sinuous and run over the surface of the spore, in
places lie parallel to the compressed spore margin,
where they appear as membranous projections.

Dimensions: 55-78 um; 34 specimens.

Remarks: P. rugosus is distinguished by punctation
of the spore body membrane.

Occurrence; Murragdo and Mértola Formations
(NL Miospore Biozone).

Previous records: From Namurian of the Southern



Pennines, England (NEVES, 1961). From Viséan of
Portugal (PEREIRA, 1997, 1999).

Turma MONOLETES Ibrahim 1933
Subturma AZONOMONOLETES Luber 1935
Infraturma PSILAMONOLETI van der Hammen
Genus LATOSPORITES Potonié & Kremp 1954

Type specimen Latosporites latus (Kosanke) Pot-
onié & Kremp 1954

Latosporites sp. A sensu Owens, 1971
Plate 12, Fig. 11

1971 Latosporites sp. A sensu Owens, p. 135.

Description: Monolete, bilateral miospore. Amb
subcircular to oval. Suturae simple, straight, ex-
tending almost to three-quarters of pore radius and
terminating in curvaturae perfectae. Exine 3.0-5.5
pm thick and laevigate.

Dimensions: 65-102 pm; 27 specimens.

Occurrence: Tercenas and Bordalete Formations of
SWP Domain (LN to PC Miospore Biozones).

Infraturma SCULPTATOMONOLETI Dybova &
Jachowicz 1957

Genus ARATRISPORITES Leschik 1955 emend
Playford & Dettman 1965

Type species: Aratrisporites parvispinosus Leschik
1955.

Aratrisporites saharaensis Loboziak, Clayton &
Owens, 1986

Plate 12, Fig. 10

1986 Aratrisporites saharaensis Loboziak, Clayton
& Owens, pl. 24, figs. 10, 13.

Description: Monolete, bilateral miospore. Amb
subcircular. Suturae indistinct to distinct, simple,
straight, extending almost to equator and termi-
nating in curvaturae perfectae. Intexine laevigate,

conformable with the amb, reaching one-half of
spore radius. Exoexine sculptured with small iso-
lated spinae, 2.5-3.0 pm high and occasionally
some verrucae, grana and coni. A thickned band of
about 2.0-5.0 um caused by the curvaturae, occur
approximately at the equator,

Dimensions: 58-80, 7 specimens.

Occurrence: Bordalete Formation of SWP Domain
(PC Miospore Biozone).

Genus THYMOSPORA Wilson & Venkatachala
1963

Type specie Thymospora thiessenii (Kosanke) Wil-
son & Venkatachala 1963a

Thymospora obscura (Kosanke) Wilson &
Venkatachala, 1963

Plate 12, Fig. 15

1950 Laevigato-sporites obscurus Kosanke, p.29, pl.
16, fig.6.

1954 Verrucosisporites obscurus (Kosanke) Potonié
& Kremp, p.166.

1963 Thymospora obscura (Kosanke) Wilson &
Venkatachala, p.76, pl. 1, fig.6.

Description: Monolete, miospore. Amb broadly
oval, margin irregular due ornamentation. Suturae
distinct, simple, obscure by ornamentation. Exine
thick of about 2.0-2.5 um, puctate, with rare folds.
Sculpture comprises small verrucae with rounded
apices and more or less confluent bases (2.5 pm
diameter and 1.5-2.0 um high).

Dimensions: 20-35 um; 21 specimens.

Occurrence: Brejeira Formation (OT Miospore Bio-
ZONEe).

Thymospora psedothiessenii (Kosanke) Wilson &
Venkatachala, 1963

Plate 12, Figs. 13, 14

1963 Thymospora thiessenii (Kosanke) Wilson &
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Venkatachala, p.78, pl. 1, figl-4.

Description: Monolete, miospore. Amb oval, mar-
gin irregular and broken due to ornamentation.
Suturae distinct, and obscure by ornamentation.
Exine thick of about 1.5-3.5 pm, with verrucate to
reticulate ornament which is reduced on proximal
surface. On distal profile verrucae of about 7.5 um
in breadth and 2.5 um in height with coalescent
bases.

Dimensions: 33-48 um; 54 specimens.

Occurrence: Brejeira Formation (OT Miospore Bio-
zone).

Genus TORISPORA (Balme) Doubinger & Horst
1961

Type specie Torispora securis Balme 1952

Torispora securis Balme, 1952
Plate 12, Figs. 17, 18

1952 Torispora securis Balme, p. 183.

1957 Torispora recta Dybovi & Jachowicz, p.197,
pl. 66, fig. 1-4.

1957 Torispora speciosa Dybovd & Jachowicz, p.
198, pl. 68, fig. 1-4.

1957 Torispora undulata Dybovd & Jachowicz, p.
197, pl. 67, fig. 1-4.

Description: Monolete, bilateral miospore. Amb
oval, margin finelly irregular. Suturae distinct,
simple, straight, suture line parallel to the major
axis of the spore. Exine considerably thickned at
one extremity of the spore and expanded into a
crescentic or rectangular crassitude, which is darke
in color than the remaining of the spore exine.

Dimensions: 26-44 um; 47 specimens,

QOccurrence: Brejeira Formation (SL to OT
Miospores Biozones).

Anteturma POLLENITES Potonié 1931
Turma Saccites Erdtman 1947
Subturma MONOSACCITES Potonié & Kremp

1954

Infraturma ARADITES Schopf, Wilson & Bentall
1944

Genus FLORINITES Schopf, Wilson & Bentall
1944

Type specie Florinites pellucidus (Wilson & Coe)
Wilson 1958

Florinites junior Potonié & Kremp, 1954
Plate 12, Fig. 19

1954 Florinites junior Potonié & Kremp, p. 118, pl.
21, fig. 466

Description: Bilateral pollen. Amb oval, margin
smooth, or minutely indented. Central body, vi-
sible, circular of small dimension. Trilete mark
generally not apparent. Saccus laevigate and thin,
but with reticulate infrasculpture. Lumina tend to
be elongated radially, maximum dimension of lu-
mina less than 1.0 pm, muri less than 2.5 pm.

Dimensions: Saccus: 65-95 um; central body: 25-
45 pm; 18 specimens.

Occurrence: Brejeira Formation (NJ t OT
Miospores Biozones).

INSERTAE SEDIS

Genus COLATISPORITES Williams em Neves et al.
1973

Type specimen Colatisporites decorus (Bharadwaj
& Venkatachala) Williams in Neves et al., 1973

Colatisporites decorus (Bharadwaj & Venkatacha-
la) Williams in Neves et al., 1973

Plate 12, Fig. 16

1961 Tholisporites decorus Bharadwaj & Venkatach-
ala, p.39, pl. 10, fig.142-146.

1973 Colatisporites decorus (Bharadwaj &
Venkatachala) Williams in Neves et al., p.41, pl.
2, fig.1-13,

Description: Miospores radial, trilete. Amb roun-
ded subcircular to convexo-triangular. Suturae



distinct to indistinet, straight to slightly sinuous,
simple or with labra, extending to spore margin
and terminating in curvature perfectae. Intexine
unornamented. Exoexine strongly infrapunctate
and rarely folded.

Dimensions: 40-52 um; 5 specimens.

Occurrence: Tercenas Formation (LN Miospore
Biozone).

2. PRASINOPHYTES AND ACRITARCHS

Division CHLOROPHYTA Pascher, 1914
Class PRASINOPHYCEAE Christensen, 1962

Family LEIOSPHAERIDIACEAE Timofeev, 1956
nom. corr. Midler, 1963

Genus LEIOSPHAERIDIA Eisenack, 1958

Type species: Leiosphaeridia baltica Eisenack,
1958; by original designation.

Leiosphaeridia spp.
Plate 13, Fig. 1

Remarks: Simple spherical vesicles (diameter 34-
84 pm) with thin (up to 0.6 um thick), psilate,
clearly folded, unilayered eilyma. These forms
provide minimal stratigraphic information, so no
attempt is made here to segregate them at the spe-
cific level.

Occurrence: Devonian and Lower Carboniferous of
the ZSP.

Family TASMANITACEAE Sommer, 1956 nom.
corr. Tappan, 1980

Genus TASMANITES Newton, 1875

Type species: Tasmanites punctatus Newton, 1875;
by original designation (monotypic).

Tasmanites spp.
Plate 13, Fig. 2

"3

Remarks: Spherical or subspherical vesicles (dia-
meter 35-67.5 um) with thick (2.5-3.5 um), psi-
late to finely punctate eilyma. These forms provide
minimal stratigraphic information, so no attempt
is made here to segregate them at the specific le-
vel.Occurrence: Devonian and Lower Carbonifer-
ous of the ZSP.

Family CYMATIOSPHAERACEAE Madler, 1963

Genus CYMATIOSPHAERA O. Wetzel ex Deflan-
dre, 1954

Type species: Cymatiosphaera flexuosa 0. Wetzel,
1933; by subsequent designation of Deflandre
(1954, p. 257).

Cymatiosphaera perimembrana Staplin, 1961
Plate 13, Fig. 3

1961 Cymatiosphaera perimembrana Staplin,
p.417, pl. 49, fig.16,17.

1977 Cymatiosphaera platoloma Wicander & Loe-
blich, p.140, pl. 3, fig.3,4.

1990 Cymatiosphaera perimembrana Staplin 1961,
Colbath, p.103, pl. 1, figs. 10, 11, 23, 24.

Description: Spherical vesicle, circular to subcircu-
lar in ouline. Vesicle surface regularly divided into
numerous, small, polygonal (mainly pentagonal),
lacunae (diameter 5-8um) by thin, membranous,
psilate, straight muri (3.5-4.5 pm high). No excyst-
ment structure observed.

Dimensions: Overall diameter 22-36 um; 32 speci-
mens.

Occurrence: Tercenas Formation; Phyllite-Quart-
zite Group and Volcano Sedimentary Complex (LN
Miospore Biozone);

Previous records: Frasnian to Famennian of North
America (STAPLIN, 1961; WICANDER, 1974;
WICANDER & LOEBLICH, 1977; WICANDER &
PLAYFORD, 1985) and China (LU & WICANDER,
1988); Frasnian of Western Australia (PLAYFORD
& DRING, 1981; PLAYFORD, 1981; COLBATH,
1990} and Upper Devonian of Iran (COQUEL et
al., 1977; HASHEMI & PLAYFORD, 1998).
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Genus DICTYOTIDIUM Eisenack emend. Staplin,
1961

Type species: Dictyotidium dictyotum (Eisenack)
Eisenack, 1955; by original designation.

Dictyotidium litum Colbath, 1990
Plate 13, Fig. 4

1985 Dictyotidium sp. of Wicander & Playford,
p.105, pl. 2,figs.8,9.

1990 Dictyotidium litum Colbath, p.105, pl. 2,
figs.2-7.

Description: Vesicle originally spherical, outline
subcircular. Eilyma psilate. Low, thin, straight,
psilate muri (0.5-0.8 pm high) regularly dividing
vesicle surface into polygonal (mainly 5 or 6 sided)
lacunae, each 3.5-6.5 pm in diameter. Excystment
structure absent.

Dimensions: Overall diameter 19-39 um; 6 speci-
mens.

Occurrence: Represa Formation, Volcano Sedimen-
tary Complex (VH and LN Miospore Biozone).

Previous records: From the Frasnian of lowa,
USA (WICANDER & PLAYFORD, 1985), Western
Australia (COLBATH,1990) and Frasnian of Iran
(HASHEMI & PLAYFORD, 1998).

Genus DUVERNAYSPHAERA (Staplin) Deunff
1964

Type species: Duvernaysphaera tenuicingulata Sta-
plin 1961

Duvernaysphaera radiata Brito, 1967
Plate 15, Figs. 1-2

1967 Duvernaysphaera radiata Brito, p.477, pl. 1,
fig.1-3.

Description: Vesicle star-shaped, circular to sub-
circular in outline. Eilyma, 1-1.5 um thick, psilate.
Vesicle encompassed by a very thin, diaphanous,
psilate membrane that imparts a circular outline,
Membrane strengthened by 12-15 narrow, small,
processes, which constitute elongated radial ex-

tensions of vesicle wall. No excystment structure
observed.

Dimensions: Overall diameter 35-42.5 um; 5 speci-
mens.

Occurrence: Tercenas Formation of SWP Domain
(LN Miospore Biozone).

Previous records: Middle Devonian of Maranhao
Basin, Brasil (BRITO, 1967).

Duvernaysphaera stellata Deunff, 1964
Plate 15, Fig. 3

1964 Duvernaysphaera stellata Deunff, p.212,
fig.4.

Description: Vesicle 7-8 sided in outline, sides
straight to gently concave. Eilyma, 1.0-1.3 pm
thick, scabrate to psilate. Vesicle encompassed by
a very thin, diaphanous, psilate membrane that
imparts a near-circular outline. This membrane
is absent in most of the specimens documented.
Membrane strengthened by narrow, small, rod-
like projections, which constitute elongated radial
extensions of vesicle wall. No excystment structure
observed. Dimensions: Overall diameter 25-31 pm;
5 specimens.

Occurrence: Tercenas Formation of SWP Domain
(LN Miospore Biozone).

Previous records: Upper Devonian sediments of
Tunisia (DEUNFF, 1964, 1966).

Duvernaysphaera tessella Deunff, 1964
Plate 15, Fig. 4

1964 Duvernaysphaera tessella Deunff, p.212,
fig.5.

1966 Veliferites tenuimarginatus Brito, p.79.

1967 Veliferites tenuimarginatus Brito, p. 477, pl.
1, fig. 4-8.

Description: Vesicle quadrangular in outline, with
slightly concave, straight, or slightly convex sides.
Eylima, 0.7-1.2 um thick, scabrate to psilate. Very
thin, diaphanous, psilate membrane, equatorial
flange, stiffened by one or sometimes two, small
rod-like, coplanar extensions emanating radially



from the vesicle wall at or near the each vesicle
corner. Flange is not preserved in the specimens
recognized. Excystment consisting of simple split,
in vesicle wall.

Dimensions: Overall diameter 34-50 um; 5 speci-
mens.

Occurrence: Tercenas Formation of SWP Domain
(LN Miospore Biozone).

Previous records: From Upper Devonian of Tunisia
(DEUNFE, 1964, 1966), Lower to Middle Devonian
of Brasil (BRITO, 1967) and Givetian to Frasnian
of Tenesse (REAUGH, 1978).

Family PTEROSPERMELLACEAE Eisenack, 1972
Genus MARANHITES Brito, 1965

Type species: Maranhites brasiliensis Brito, 1965;
by original designation.

Maranhites brasiliensis Brito, 1965

Plate 13, Figs. 5,6

1965 Maranhites brasiliensis Brito, p. 2; pl. 1, fig.
1.

Description: Vesicle originally discoidal, outline
circular. Eilyma two layered; endeilyma psilate,
1-2 um thick; equatorial periphery consisting of a
series of dark-coloured thickenings, with circular
or subeircular outlines and up to 4-5 um in maxi-
mum dimension, commonly connected by smaller
circular, subcircular, or arcuate lateral thickenings.
Perieilyma fine, diaphanous, displaying a fine ru-
gulate/reticulate pattern, darker color that the
vesicle. No excystment structure observed.

Dimensions: Overall diameter 80-120 um; 19 spe-
cimens.

Occurrence: Volcano Sedimentary Complex of The-
rian Pyrite Belt and Tercenas and Bordalete Forma-
tions of SWP Domain (VCo, VH and LN Miospore
Biozones).

Previous records: (BRITO, 1965a,b, 1967a,b, 1976,
1978; BURJACK & OLIVEIRA, 1989); Emsian to
lower Frasnian of France (MOREAU-BENOIT,
1974; TAUGOURDEAU-LANTZ 1968), Portugal
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(CUNHA & OLIVEIRA, 1989; PEREIRA, 1997,
1999), Upper Devonian of Spain (MORENO et al.,
2003; GONZALEZ et al., 2005), Emsian to Fras-
nian of Ghana (ANAN-YORKE, 1974), Givetian to
Frasnian of Western Australia (COLBATH, 1990)
and Famennian of North America (WOOD, 1984,
PLAYFORD & MCGREGOR, 1993).

Maranhites britoii Stockmans & Williere, 1969
Plate 13, Figs. 7, 10

1969 Maranhites britoii Stockmans & Williere,
p.44, pl. 2, fig.4,7.

1980 Maranhites sp. Attar, Candilier, Fournier & R.
Coquel, p.594, pl. 5, fig 6.

1981 Maranhites britoii Stockmans & Williere,
p.24, pl 4, fig.6, 12,

For additional synonymy see Martin (1985, p. 24)
and Le Hérissé & Deunff (1988, p. 126).

Description: Vesicle originally discoidal, circular to
subcircular in outline, originally probably discoi-
dal. Eilyma two-layered; endeilyma psilate, 1 um
thick. Marginal zone consisting of series of a chain
of elongated, light-coloured cells (each 4-15 pm)
separated by isolated or proximally connected co-
lumnar thickenings (2-6 pm wide, up to 7-10 um
high). Perieilyma much thinner, psilate orfinely
regulate to reticulate. No excystment structure ob-
served.

Dimensions: Overall diameter 50-78um; 10 speci-
mens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas and Bordalete Formations
of SWP Domain (VH and LN Miospore Biozones).

Previous records: From the Frasnian of France
(LE HERISSE & DEUNFF, 1988), upper Frasnian
and lower Famennian of Belgium (STOCKMANS
& W‘(LLIERE, 1969; MARTIN, 1981, 1985), Up-
per Devonian to Lower Carboniferous of Algeria
(MOREAU-BENOIT et al., 1993; LATRECHE & CO-
QUEL, 1996), Famennian to Strunian of Portugal
(PEREIRA, 1997), Frasnian of Iran (HASHEMI &
PLAYFORD, 1998) and Upper Devonian of Spain
(GONZALEZ et al., 2005).
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Maranhites gallicus Taugourdeau-Lantz, 1968
Plate 13, Figs. 8, 9

1968 Maranhites gallicus Taugourdeau-Lantz, p.
162; pl. 13, fig. 9; pl. 14, figs. 1-3.

Description: Vesicle originally discoidal, outline
circular to subcircular. Eilyma two-layered. Endei-
lyma relatively thick, psilate possessing a thicke-
ning, circular to elliptical in outline; 2-5 pm in
maximum diameter, on each concavity, projecting
beyond margin of endeilyma. Perieilyma thinner,
psilate or finely regulate to reticulate especially in
“polar” areas. No excystment structure observed.

Dimensions: Overall diameter 70-120 um; 8 speci-
mens.

Oceurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas and Bordalete Formation
in SWP Domain of SPZ (LN Miospore Biozone).

Previous records: From the lower Frasnian of
France (TAUGOURDEAU-LANTZ, 1968; HERISSE
& DEUNFF (1988), Famennian to Strunian of Al-
geria (JARDINE et al., 1974), in the Frasnian to
Famennian of the the Pulo do Lobo and Iberian
Pyrite Belt (LAKE, 1991) and in the Volcano Sedi-
mentary Complex of Iberian Pyrite Belt in Spain
(GONZALEZ et al., 2005) and in Portugal in the
Bordalete Formation (PEREIRA, 1997).

Maranhites mosesii (Sommer) Brito, 1967
Plate 13, Figs. 11-13

1956 Tasmanites mosesii Sommer, p 458; pl. 1,
figs. 6-8; pl. 2, fig. 5.

1967 Maranhites mosesii (Sommer) Brito, pp. 164-
165; pl. 2, figs. 3-6.

1989 Maranhites insulatus Burjack & Oliveira, pp.
52-54; pl. 1, figs. 7, 10, 12.

1989 Maranhites mosesii (Sommer) Brito emend.
Burjack & Oliveira, pp. 51-52; pl. 2, figs. 7-10.

Description: Vesicle originally discoidal, outline
circular to subcircular. Eilyma two-layered. Endei-
lyma psilate, 1-1.5 pm thick; marginal develop-
ment of 3-15 pads, subcircular to elliptical in out-

line. Pads commonly reaching peripheral margin,
where they may be discrete or joined by a narrow
arched to scalloped equatorial thickening. Pads
tending to be more circular in outline if they where
not attaining equatorial margin. Perieilyma much
thinner than endeilyma, psilate to finely regulate
to reticulate, closely appressed to endeilyma. No
excystment structure observed.

Dimensions: Owverall diameter 65-125 pm (87
specimens).

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Voleano Sedimentary Complex of Ibe-
rian Pyrite Belt and Tercenas and Bordalete For-
mations of SWP Domain (VCo, VH, LE and LN
Miospore Biozones).

Previous records: From the Devonian of France
(MOREAU-BENOIT, 1966); Middle and Upper
Devonian of Brazil (SOMMER, 1956; SOMMER
& VAN BOEKEL, 1963, 1966; BRITO, 1965b,
1967a,b, 1976; BRITO & QUADROS, 1984; LUD-
WIG & MULLER, 1968; BURJACK & OLIVEIRA,
1989); Famennian of Portugal (CUNHA & OLIVEI-
RA, 1989; OLIVEIRA et al., 2007; PEREIRA et al.,
1994, 2004; PEREIRA, 1997, 1999); Upper Devo-
nian of Spain (RODRIGUES, 2002; MORENO et al.,
2003; GONZALEZ et al., 2005); Upper Devonian
of North America (MOLYNEUX et al., 1984; PLAY-
FORD & MCGREGOR, 1993); and Upper Devonian
to lowermost Carboniferous of Algeria (ATTAR et
al., 1980; COQUEL & LATRECHE, 1989).

Maranhites multioculus Gonzalez, Moreno & Play-
ford, 2005

Plate 14, Figs. 1-3

2005 Maranhites multioculus Gonzdlez, Moreno &
Playford, p.61, pl. 3, figs.7-13.

Description: Vesicle originally discoidal, out-
line circular to subcircular. Eilyma two-layered.
Endeilymal-1.5 um thick, psilate, with scalloped
(3-5 pm in wave-length) and up to 2.5 um thick-
ened margin; each concavity possessing a hollow,
light-coloured cell with circular to elliptical out-
line, discrete from adjacent cells. Cells 1.5-5 pm



and 2.5-6 um in radial and tangential dimensions
respectively; extending slightly beyond equatorial
margin to be closely covered by the thinner, psi-
late, diaphanous perieilyma. Perieilyma finely re-
ticulate to scabrate and darker at the polar areas.
No excystment structure observed.

Dimension: Overall diameter 55-92 um; 32 speci-
mens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt.

Previous records: Upper Devonian of Iberian Pyrite
Belt in Spain (GONZALEZ et al., 2005).

Maranhites perplexus Wicander & Playford, 1985
Plate 14, Figs. 4-7

1985 Maranhites perplexus Wicander & Playford, p.
110; pl. 3, figs. 11a-b, 12.

Description: Vesicle originally discoidal, circular
to subcircular in outline with scalloped margin.
Eilyma two-layered. Endeilyma psilate, relatively
thick; equatorial margin consisting of 10-16, hol-
low, blunted projections (4-8 pm in basal diame-
ter, 5-11 um long), radially arranged, with concave
margin of endeilyma between them. Perieilyma
finer, diapahanous, reaching equatorial margin,
commonly dissociated from embayments between
peripheral projections and extending somewhat be-
yond latter. Perieilyma finely reticulate to scabrate
radially distributed and darker at the polar areas,
No excystment structure observed.

Dimension: Overall diameter 40-60 um; 23 speci-
mens.

Occurrence: Phyllite-Quartzite Group and Volcano
Sedimentary Complex of Iberian Pyrite Belt and
Tercenas Formation of SWP Domain (VH and LN
Miospore Biozones).

Previous records: From the Upper Devonian (Fra-
snian) of lowa, U.S.A. (WICANDER & PLAYFORD,
1985}, Iran (GHAVIDEL-SYOOKI, 2001), Famen-
nian to Strunnian of Portugal (PEREIRA, 1999)
and Spain (LAKE, 1991, MORENO et al., 2003 e
GONZALEZ et al., 2005).
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Maranhites sp. A
Plate 14, Fig. 8

Description: Vesicle originally discoidal, circular to
subcircular in outline with scalloped margin. Eily-
ma two-layered. Endeilyma psilate, relatively thick;
equatorial margin consisting of 15-18, rounded
and short projections (2-5 pm in basal diameter,
3-5 um long). Perieilyma finer, diapahanous, re-
ticulate to scabrate, darker at the polar areas,
radially distributed to a thicker concentrically ar-
ranged ring. No excystment structure observed.

Dimension: Overall diameter 45-70 um; 5 speci-
mens.

Ocewrrence: Phyllite-Quartzite Group of the Neves
Corvo mine region (LN miopore Biozone).

Maranhites sp. B
Plate 14, Fig. 9

Description: Vesicle originally discoidal, circular
to subcircular in outline with scalloped margin.
Eilyma two-layered. Endeilyma psilate, relative-
ly thick; equatorial margin consisting of 35-37,
rounded alternated thinner and thicker projections
(0.5-1 pm the thinner and 3-4 pm the thicker, in
basal diameter, 4-5 um long), radially arranged,
with concave margin of finer endeilyma between
them. Perieilyma much finer, reaching equatorial
margin, finely reticulate concentrically distributed,
forming a ring and darker at the polar areas. No
excystment structure observed.

Dimension: Overall diameter 45-70 pm; 2 speci-
mens.

Occurrence: Phyllite-Quartzite Group of the Neves
Corvo mine region (LN miopore Biozone).

Genus PTEROSPERMELLA Eisenack 1972

Espécie tipo Prerospermella aureolata (Cookson &
Eisenack) Eisenack 1972

Pterospermella euriptio Martin, 1984



na

Plate 14, Figs. 10-11

1969 Pterospermosis heol (Deunff) Stockmans &
Wiliére, p.42, pl. 2, fig.5.

1981 Pterospermella cf. P. heol (Deunff) Martin,
p.27, pl. 4

1984 Pterospermella euriptio Martin, p.29, pl. 9,
fig.5,7,11,12.

Description: Vesicle originally spherical, outline
circular to subcircular, surrounded equatorially by
thin, diaphanous flange, reticultate with delicate
radial folds (40-50) extending from vesicle/flange
boundary to or almost to, outer margin of flange.
Vesicle wall psilate to microgranulate (1-15 pm
thickness) and with periferical folds.

Dimension: Overall diameter 25-35 um; membrane
diameter 17-25 um; 9 specimens.

Occurrence: Represa Formation in Mina de S. Do-
mingos mine region, Phyllite-Quartzite Group of
Iberian Pyrite Belt and Tercenas Formation of SWP
Domain (VH and LN Miospore Biozones).

Previous records: From lower Famennian of Bel-
gium (MARTIN, 1984) and Portugal (PEREIRA,
1997).

Group ACRITARCHA Evitt, 1963

Genus CHOMOTRILETES Naumova ex Naumova,
1953

Type species: Chomotriletes vedugensis Naumova,
1953; by subsequent (monotypic) designation of
Naumowva (1953, p. 58).

Chomotriletes vedugensis Naumova, 1953
Plate 15, Fig. 5

1953 Chomotriletes vedugensis Naumova, p. 58; pl.
7, figs. 21,22,

Description: Vesicle circular to subcircular in “po-
lar” view, biconvex to flattened in lateral aspect;
isopolar.Eilyma psilate, 0.5-0.8 um thick, with low,
psilate, concentrically arranged ridges on both fac-
es of vesicle; ridges normally continuous to form
discrete or rarely conjoined rings, individually

0.5-2 pm wide, up to 4 wm apart, commonly deve-
loping 10-25 pm beyond “polar area”. No excyst-
ment structure observed.

Dimensions: Overall diameter 35-44 um; 8 speci-
mens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas Formation of SWP Do-
main (VH and LN Miospore Biozones).

Previous records: From the Givetian of Poland
(TURNAU & RACKI, 1999), Frasnian of Russia
(NAUMOVA, 1953), Western Australia (BALME,
1962; PLAYFORD, 1981; PLAYFORD & DRING,
1981), Tornaisian of Ireland (HIGGS et al., 1988),
Iran (GHAVIDEL-SYOOKI, 2001, 2003), Famenni-
an of Canada (PLAYFORD & MCGREGOR, 1993),
and Portugal (PEREIRA et al., 1994, 1996).

Genus CRASSIANGULINA Jardiné, Combaz, Ma-
gloire, Peninguel & Vachey, 1972

Type species: Crassiangulina tesselita Jardiné,
Combaz, Magloire, Peninguel & Vachey, 1972; by
original designation.

Crassiangulina tesselita Jardiné, Combaz,
Magloire, Peninguel & Vachey, 1972

Plate 15, Figs. 6-9

Description: Vesicle triangular to quadrangular in
outline, sides straight to deeply concave, corners
rounded. Eilyma scabrate less than 1 um thick, re-
inforced by continuous marginal thicknening (4.0-
5.0 pm wide at corners, 0.5-1.5 um at interangular
positions).

Dimensions: Overall diameter 20-25 pm; 17 speci-
mens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group of Iberian Pyrite Belt and Tercenas Forma-
tion of SWP Domain (VH and LN Miospore Bio-
zones).

Previous records: Famennian/Strunian Sahara Al-
geria (JARDINE et al., 1972).



Genus CRATERISPHAERIDIUM Deunff, 1981

Type species: Craterisphaeridium sprucegrovense
(Staplin) Turner, 1986; originally designated as
C. inuncans Deunff, 1981, junior synonym of C.
sprucegrovense (Staplin) Turner, 1986 according
to Turner (1986, p. 602).

Craterisphaeridium sprucegrovense (Staplin)
Turner, 1986

Plate 15, Figs. 10-12

1961 Multiplicisphaeridium? sprucegrovensis Stap-
lin, p. 411; pl. 48, fig. 22; pl. 49, fig. 6; text-fig.
9i.

1970 Ammonidium sprucegrovensis (Staplin) Lister,
p. 49.

1978 Hercyniana  sprucegrovensis  (Staplin)
Vanguestaine in Kimpe et al., p. 96; pl. 13, figs.
5, 6.

1986 Craterisphaeridium sprucegrovense (Staplin)
Turner, pp. 602-606; pl. 1, figs. 1-6; pl. 2, figs.
1-4. For further synonymy see Martin (1981, p.
12).

Description: Vesicle originally spheroidal to poly-
hedral, outline circular to rounded polygonal. Eily-
ma (.6-1 um thick, sculptured with subcircular to
rounded polygonal foveolae up to 1 um in diame-
ter. Processes discrete, homomorphic, rigid, even-
ly distributed (6-10 per vesicle), psilate, hollow,
interiors freely communicating with vesicle cavi-
ty. Proximal process contacts angular to slightly
curved; distal termini palmate, composed of 4.0-
6.0, homomorphic, solid, psilate, straight to sinu-
ous, distally acuminate pinnae, 2.0-6.0 um long.
Processes 10-20 um long, diameter 2.0-3.5 um at
base, decreasing gradually to ca. 1 um near point
of branching. No excystment structure observed.

Dimensions: Overall diameter 32-35 um; 11 speci-
mens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group of Iberian Pyrite Belt (VH and LN Miospore
Biozones).

Previous records: From the Frasnian of western
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Canada (STAPLIN, 1961; TURNER, 1986); middle
Frasnian to lower Famennian of Belgium (MAR-
TIN, 1981, 1982; KIMPE et al.,, 1978; STOCK-
MANS & WILLIERE, 1962a,b, 1969, 1974), up-
per Famennian of Portugal (CUNHA & OLIVEIRA,
1989) and Upper Devonian of Spain (GONZALEZ
et al., 2005).

Genus DAILLYDIUM Stockmans & Williére, 1969

Type species: Daillydium pentaster (Staplin)
emend. Playford in Playford & Dring, 1981; origi-
nally designated as D. quadridactylites (Stockmans
& Williere) Stockmans & Williére, 1969 (junior
synonym of D. pentaster).

Daillydium pentaster (Staplin) emend. Playford in
Playford & Dring, 1981

Plate 15, Figs. 14-15

1961 Cymatiosphaera pentaster Staplin, p. 416; pl.
49, fig. 18.

1962 Hystrichosphaeridium quadridactylites Stock-
mans & Williére, p.67-68, pl. 1, fig.1-14.

1966 Cymatiosphaera tetraster Staplin, Deunff,
p-140-144, pl. 4, fig.165-167.

1969 Daillydium quadridactylites (Stockmans &
Williére) Stockmans & Williére, p.33-35, pl. 1,
fig.1-14.

1981 Daillydium pentaster (Staplin) emend. Play-
ford in Playford & Dring, p. 17, 18; pl. 3, figs.
1-14; text-fig. 4.

For further synonymy see Hashemi & Playford
(1998, pp. 143-144).

Description: Vesicle originally spherical, outline
circular to subcircular. Eilyma 0.8-1.0 pm thick.
Vesicle surface divided into triangular lacunae by
thin, membranous, psilate muri 1.5-2.5 pm high,
up to 0.3 pm wide. Each lacunae is 5.0-9.0 pum in
diameter and with floors finely scabrate, There are
3 to 8 vase shaped, hollow, membranous processes
(4.0-6.0 um broad basally, 7.0-12.0 um long) each
developed at a lacunae corner and non communi-
cative with vesicle interior. A spine-like projection,
slender, flexible, distally tapering, arising from
centre of eilyma are enclosed by each process. Pro-
jections are 0.8-1.0 um in basal diameter, 8.0-12.0



120

um long. No excystment structure observed.

Dimensions: Vesicle diameter 15-22 um; overall
diameter 25-52.5 um; 13 specimens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group of Iberian Pyrite Belt and
Tercenas Formation of SWP Domain (VCo, VH, LE
and LN Miospore Biozone).

Previous records: D. pentaster is widely distributed
in Upper Devonian (upper Givetian to upper Fa-
mennian) strata, as documented by PLAYFORD
& DRING (1981); LU LI-CHANG & WICANDER
(1988), and HASHEMI & PLAYFORD (1998). In
Portugal, it was documented in the Represa For-
mation of Pulo do Lobo, Phyllite-Quartzite Group
of PB (CUNHA & OLIVEIRA, 1989) and in the SWS
(PEREIRA, 1997).

Genus DELTOTOSOMA Playford, 1981

Type species: Deltotosoma intonsum Playford in
Playford & Dring, 1981.

Deltotosoma sp.
Plate 15, Fig. 13

Description: Vesicle triangulat to subtriangular in
outline, apices rounded, sides straight to concave
or occasionally slightly convex. Eilyma 0.5-0.8 um
of thickness, psilate. Vesicle surface covered with
numerous, discrete, homomorphic, solid proces-
ses, 0.5 um broad at base, 1-1.5um long, 1-1.5 um
apart and with evexate to slightly rounded distal
extremities.

Dimensions: Overall diameter 20-32um; 6 speci-
mens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group of Iberian Pyrite Belt,

Previous records: From the Frasnian of Western
Australia (PLAYFORD & DRING, 1981) and Iran
(GHAVIDEL-SYOQOKI, 1988, 1995).

Genus DUPLICIRADIATUM Gonzalez, Moreno &
Playford, 2005

Type species: Dupliciradiatum crassum Gonzdlez,

Moreno & Playford, 2005

Dupliciradiatum crassum Gonzdilez, Moreno &
Playford, 2005

Plate 15, Figs. 16-17

2005 Dupliciradiatum crassum Gonzdlez, Moreno

& Playford, p.64, pl. 4, fig.16, pl. 5,figs 1-4.

Description: Vesicle originally discoidal, with cir-
cular/subcircular to stellate outline. Eilyma two-
layered. Endeilyma psilate, 1.5 um thick, having in
each face 7-11 discrete, coplanar, elongate, thick-
ened, spoke-like ridges in radial disposition. Rid-
ges straight to somewhat sinuous, 10-2 um long,
1-2.5 um wide, tapering slightly from an equatori-
ally projecting rounded or capitate end. External
margin of endeilyma, occupying the concavity
between radial projections consists of a continu-
ous 2-8 um wide thickening. Perieilyma very thin
(less than 0.5 um), extending equatorially as a thin
membranous flange, 5-10 um wide, reinforced by
radial projections of endeilyma, but not extending
equatorially beyond projections. Non-equatorial
perieilyma, psilate to finely rugulate/reticulate.
Excystment by simple splitting of eilyma.
Dimensions: Overall diameter 45-75 um; 38 speci-
mens.

Occurrence: Represa Formation of Pulo of Lobo,
Phyllite-Quartzite Group and Voleano Sedimen-
tary Complex of Iberian Pyrite Belt.

Previous records: Upper Devonian in Spain
(GONZALEZ et al., 2005).

Dupliciradiatum tenue Gonzdlez, Moreno & Play-
ford, 2005

Plate 15, Figs.18-19

2005 Dupliciradiatum tenue Gonzilez, Moreno &
Playford, p. 61, pl. 5, figs. 5-8.

Description: Vesicle originally discoidal, outline cir-
cular/subcircular, Eilyma two-layered. Endeilyma
psilate, 1 um thickness; each vesicle face modified



by a variable number (12-20) of narrow, straight
to slightly curved, ridges (0.5-1.5 um wide, 4.0-
9.0 um long) that are radially arranged and project
equatorially. Ridges, pointed from rounded equa-
torial end to acuminate inner (near-polar) limit.
Between ridge projections, peripheral margin of
endeilyma has thickness 1.0-2.5 um large. Periei-
lyma very thin, extending equatorially to form a
thin flange (2.0-3.0 pm wide), absent in most of
the specimens documented. Excystment by simple
splitting.

Dimensions: Overall diameter 35-65 um; 23 speci-
mens.

Occurrence: Represa Formation of Pulo of Lobo,
Phyllite-Quartzite Group and Volcano Sedimen-
tary Complex of Iberian Pyrite Belt (VH Miospore
Biozone).

Previous records: Upper Devonian in Spain
(GONZALEZ et al., 2005).

Genus GORGONISPHAERIDIUM Staplin, Janso-
nius & Pocock 1965

Type species: Gorgonisphaeridium winslowiae Sta-
plin, Jansonius & Pocock, 1965; by original desig-
nation.

Gorgonisphaeridium ohioense (Winslow)
Wicander, 1974
Plate 16, Figs. 1-2

1962 Hystrichosphaeridium ohicensis Winslow,
p.77; pl. 19, fig. 1; pl. 22, fig. 9.

1974 Gorgonisphaeridium ohioense (Winslow) Wi-
cander, p. 26; pl. 12, figs. 7-9.

For further synonymy see Playford & McGregor
(1993, p. 14).

Description: Vesicle originally spherical with circu-
lar/subcircular outline, well-demarcated from proc-
esses. Eilyma, 1-1.5 pm thick, psilate to scabrate,
with numerous, discrete, solid, psilate, straight,
homomorphic, spine-like processes. Processes in
number 20 to 34 are acuminate distally, 1.5-2.5
um broad at base, 10-19 pm long, 3-8 wm apart.

LFal

Excystment by simple splitting of vesicle wall.

Dimension: Overall diameter 48-62 um; 57 speci-
mens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Iberi-
an Pyrite Belt and Tercenas and Bordalete Forma-
tions of SWP Domain (VH, LE, LN and VI Miospore
Biozones).

Previous records: Widely recorded in Upper Devo-
nian, cosmopolitan from upper Frasnian to upper-
most Strunian (PLAYFORD & MCGREGOR, 1993).
In Portugal, G. ohioense was recorded in the up-
per Strunian (PEREIRA, 1997; PEREIRA et al.,
2006) and upper Famennian from the PB in Spain
(GONZALEZ et al., 2005).

Gorgonisphaeridium plerispinosum Wicander,
1974

Plate 16, Figs. 3-4

1974 Gorgonisphaeridium plerispinosum Wicander,
p- 26; pl. 12, figs. 10-12.

Description: Vesicle originally spherical, outline
circular/subcircular, distinct from processes. Ei-
lyma 1-1.1 pum thick, psilate or scabrate. Nume-
rous (100-200) close-spaced but discrete processes
evenly distributed over vesicle surface. Processes
homomorphic, solid, spine-like, straight to slightly
curved, 2.2-3.3 pm long, with angular proximal
contacts and circular bases 1-1.5 pm in diameter;
processes tapering distally to simple acuminate or
evexate tips. Excystment by simple eilyma split.

Dimensions: Vesicle diameter 33-47 um; 51 speci-
Mmens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Iberi-
an Pyrite Belt and Tercenas and Bordalete Forma-
tions of SWP Domain (VH, LE, LN and VI Miospore
Biozones).

Previous records: From the Upper Devonian (up-
per Frasnian to upper Famennian) of North Amer-
ica (WICANDER, 1974; WICANDER & LOEBLICH,
1977; PLAYFORD & MCGREGOR, 1993); upper Fa-
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mennian of Belgium (VANGUESTAINE, 1978); up-
per Frasnian-Famennian of China (LU LI-CHANG
& WICANDER, 1988) and Upper Devonian of Mo-
rocco (RAHMANI- ANTARI, 1990), upper Strunian
of Portugal (PEREIRA, 1997; PEREIRA et al., 2006)
and Spain (GONZALEZ et al., 2005).

Genus HOROLOGINELLA Coockson & Eisenack
1962

Type species: Horologinella lineata Coockson & Ei-
senack 1962

Horologinella horologia (Staplin) Jardiné, Com-
baz, Magloire, Peninguel & Vachey, 1972

Plate 16, Figs. 5-6

1960 Azonotetraporina horologia Staplin, p.6, pl.
5, fig.3.

1963 Tetraporina horologia (Staplin) Playford,
p.659.

1964 Tetraporina horologia (Staplin) Cramer,
p.335.

1972 Horologinella horologia (Staplin) Jardiné,
Combaz, Magloire, Peninguel & Vachey, pp. 1,
figs, 3, 4.

Description: Vesicle quadrangular in ouline, apices
rounded, sides straight to concave. Eilyma psilate,
0.5-0.8 pum thick. No excystment structure ob-
served.

Dimensions: Overall diameter 45-55 um; 17 speci-
mens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Tercenas Formation of SWP Domain
(VH, LE and LN Miospore Biozones).

Previous records: From Famennian to Lower Car-
boniferous of Sahara (JARDINE et al., 1972).

Genus MICRHYSTRIDIUM Deflandre, 1937

Type species: Micrhystridium inconspicuum Deflan-
dre 1937; by original designation.

Micrhystridium stellatum Deflandre, 1945
Plate 16, Figs.7-8

1942 Micrhystridium stellatum Deflandre, p.476,
fig.7.8.

1945 Micrhystridium stellatum Deflandre, p. 65; pl.
3, figs. 16-19.

For additional synonymy see Playford & Dring
(1981, p. 46).

Description: Vesicle originally spheroidal, outline
circular, clearly demarcated from processes (14
to 21). Eilyma psilate, 0.6-0.8 um thick. Processes
5.5-10 gm in length, basal diameter 1-2.5 um, psi-
late, rigid, homomorphic, spine-like, hollow, free-
ly communicating with vesicle interior, tapering
gradually to simple, acuminate distal terminus of
processes. No excystment structure observed.

Dimensions: Vesicle diameter 15-20 pm; owverall
diameter 25-30 um; 31 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Iberi-
an Pyrite Belt and Tercenas and Bordalete Forma-
tions of SWP Domain (VH, LE, LN and VI Miospore
Biozones).

Previous records: M. stellatum is a cosmopolitam
species, widely distributed, with a geologic age
from the Palaeozoic and Mesozoic (Ordovician to
Jurassic, LISTER, 1970; EISENACK et al., 1979).

Genus NAVIFUSA Combaz, Lange & Pansart 1967

Type species: Navifusa navis (Eisenack) Combaz,
Lange & Pansart 1967

Navifusa bacilla (Deunff) Playford, 1977
Plate 16, Fig. 13

1955 Leiofusa bacillum Deunff, p.148, pl. 4, fig.2.

1965 Leiofusa brasiliensis Brito & Santos, p.8, pl.
1,2, fig.2,3.

1965 Leiofusa brasiliensis lingula Brito & Santos,
p-8, pl. 1, fig.1.



1965 Leiofusa cylindricum Brito & Santos, p.16, pl.
1, fig.4.

1965 Leiofusa eisenacki Brito & Santos, p.17,18, pl.
11, fig.3.

1973 Quisquilites widderensis Legault, p.60, 61, pl.
11, fig. 17-21.

1974 Navifusa drosera Wicander, p.30, pl. 15, fig.
79,

1977 Navifusa bacilla (Deunff) Playford, p. 34, pl.
14, fig.5.6.

Description: Vesicle cylindrical or rodlike in form,
with rounded edges. Eilyma single layered 1-2 um
thick, surface granulate, scabrate to psilate. Excyst-
ment opening consisting of a simple eilyma split.
Dimensions: Length 65-150 wm; 17 specimens.

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Iberi-
an Pyrite Belt and Tercenas Formation of SWP Do-
main (VCo, VH, LE and LN Miospore Biozones).

Previous records: From Frasnian of southern On-
tario (DEUNFF, 1967; LEGAULT, 1973), Devonian
of Brasil (BRITO, 1967); Emsian to Upper Devo-
nian of North Africa (JARDINE, 1972; JARDINE
et al.,, 1974) and Upper Devonian of Ohio (WI-
CANDER, 1974).

Genus PALACANTHUS Wicander emend. Sarjeant
& Stancliffe, 1994

Type species: Palacanthus lacutus Wicander, 1974,
by original designation

Palacanthus ledanoisii (Deunff) Playford, 1977
Plate 16, Figs.9-10

1957 Veryhachium le danoisi Deunff, p.9, fig.6.

1962 Veryhachium stelligerum auct. non Deunff;
Stockmans & Williére, p. 85, pll, fig. 8-10.

1966 Veryhachium le danoisi Deunff; Deunff, p. 54-
55, Pl. 10, fig. 111.

1966 Veryhachium cf. stelligerum Deunff p. 78, Pl
3, fig. 32, 35, 38, 39.
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1974 Estriastra pentagonalis Pothe de Baldis, p.
371, PL 2, fig.5.

1977 Palacanthus ledanoisii (Deunff) Playford, pl.
14, figs. 1-10.

Description: Vesicle “star-shaped” in form, with
3-4 processes (commonly 3), disposed in the same
plane. Eilyma single layered 0.5-1 um thick, surface
scabrate to psilate. Processes have broad, contigu-
ous bases 5.0-10.0 um diameter, interiors hollow
and opening freely into central cavity. Processes
attain lengths of 20.0-40.0 pm and taper to sharp
or blunted, closed distal tips. Excystment opening
consisting of a simple linear eilyma split.

Dimensions: Overall size 36-45 pm; 25 specimens.

Occurrence: Represa Formations of Pulo do Lobo
and Phyllite-Quartzite Group Iberian Pyrite Belt.

Previous records: From Middle to Upper Devonian
of Ontario (DEUNFF, 1957; PLAYFORD, 1977),
Devonian of Tunisia (DEUNFF, 1966a), Brittany
(Deunff, 1966b), Frasnian of Belgium (STOCK-
MANS & MLLIERE) 1962) and Middle Devonian of
Paraguai (POTHE DE BALDIS, 1974), Upper Devo-
nian of Australia (PLAYFORD & DRING, 1981) and
Ohio, USA (WICANDER & WOOD, 1981). In Por-
tugal, P. ledanoisii was recorded for the first time
in the Represa Formation (CUNHA & OLIVEIRA,
1989)

Palacanthus tripus Martin, 1984
Plate 16, Figs.11-12

Description: Vesicle “star-shaped” in form, with 3
processes. Eilyma single layered 0.5-1 um thick,
surface scabrate to psilate. Processes have broad,
contiguous bases and opening freely into central
cavity. Processes of 48-50 um in length and taper
to sharp or blunted, closed distal tips. Excystment
opening consisting of a simple linear eilyma split.

Dimensions: Overall size 65-150 um; 7 specimens.

Occurrence: Represa Formations of Pulo do Lobo
and Phyllite-Quartzite Group Iberian Pyrite Belt.

Previous records: From the Frasnian to Famennian
of Belgium (MARTIN, 1984)and from the Upper
Devonian of Represa Formation in Sdo Domingos
mine in Iberian Pyrite Belt, Portugal (CUNHA &
OLIVEIRA, 1989).



124

Genus STELLINIUM Jardiné, Combaz, Magloire,
Peniguel & Vachey, 1972

Type species: Stellinium micropolygonale (Stock-
mans & Williére) PLAYFORD, 1977; originally des-
ignated as S. octoaster (Staplin) JARDINE, COM-
BAZ, MAGLOIRE, PENIGUEL & VACHEY, 1972, by
JARDINE et al. (1972, p. 298).

Stellinium comptum Wicander & Loeblich, 1977
Plate 16, Figs.14-15

1977 Stellinium comptum Wicander & Loeblich,
p.151-152, pl. 9, fig.1-6.

Description: Vesicle quadrate in outline, with
sraigth to moderate concave sides, 22.0-24.0 um
long. Eilyma psilate to slightly granulate, 0.5-0.8
pm thick. Vesicle interior prolonged outwards to
form, at each of the vesicle corners, an elongate,
hollow, 12.0-16.0 um long processes, tapering
from 4.0-5.0 um wide base to simple closed distal
tip. Two extra similar processes developed, arising
from the vesicle surface. All processes with nar-
row, longitudinal ridge, converging with ridges of
adjacent processes on the vesicle center. No excyst-
ment structure observed.

Dimensions: Overall diameter 22-32 um; 34 speci-
mens

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Voleano Sedimentary Complex of Ibe-
rian Pyrite Belt and Tercenas Formation of SWP
Domain (VH, LE and LN Miospore Biozones).

Previous records: From Givetian of North America
(WICANDER & WOOD, 1981), from Frasnian-Fa-
mennian of USA (WICANDER & LOEBLICH, 1977)
lower Famennian of Belgium (MARTIN, 1981),
Upper Famennian to Strunian of Portugal (CUNHA
& OLIVEIRA, 1989; PEREIRA, 1997).

Stellinium micropolygonale (Stockmans &
Williére) Playford, 1977

Plate 16, Figs. 16-17

1960 Micrhystridium micropolygonale Stockmans
& Williere, p. 4; pl. 1, fig. 12.

1977 Stellinium micropolygonale (Stockmans &
Williere) Playford, p. 36; pl. 18, figs. 7-9.

For further synonymy see Playford (1977, p. 36).

Description: Vesicle originally polyhedral, out-
line stellate. Eilyma 0.5-0.8 um thick, scabrate to
slightly granulate, bearing 8-12 evenly distributed,
hollow, conical processes, freely communicating
with vesicle cavity; processes broadly based, 8-14
pm long, sharp to bluntly pointed distally. Each
process possessing a narrow, 0.5 um wide, medial-
longitudinal ridge, converging with ridges of adja-
cent processes at the central point on the cyst sur-
face. No execystment structure observed.

Dimensions: 30 - 55 um; 82 specimens,

Occurrence: Horta da Torre, Sta Iria and Represa
Formations of Pulo do Lobo, Phyllite-Quartzite
Group and Volcano Sedimentary Complex of Iberi-
an Pyrite Belt and Tercenas and Bordalete Forma-
tions of SWP Domain (VH, LE, LN and VI Miospore
Biozones).

Previous records: Widely distributed in both north-
ern and southern hemispheres, ranging through
much of the Devonian (e.g., PLAYFORD, 1976;
WICANDER & WOOD, 1981; CUNHA & OLIVEIRA,
1989: GONZALEZ et al., 2005) to Lower Carboni-
ferous (MCNESTRY, 1988; PEREIRA, 1997).

Genus UMBELLASPHAERIDIUM Jardiné, Combaz,
Magloire, Peniguel & Vachey, 1972

Type species: Umbellasphaeridium saharicum
Jardiné, Combaz, Magloire, Peniguel & Vachey,
1972; by original designation.

Umbellasphaeridium deflandrei (Moreau-Benoit)
Jardiné, Combaz, Magloire, Peniguel & Vachey,
1972

Plate 16, Fig. 19

1964 Hystricosphaeridium sp. in Regali, p.176,
fig.8.

1967  Archaeohystrichosphaeridium  deflandrei
Moreau-Benoit, p. 203; pl. 1, figs. 22, 23.



1972  Umbellasphaeridium deflandrei (Moreau-
Benoit) Jardiné, Combaz, Magloire, Peniguel &
Vachey, p. 303; pl. 3, figs. 2, 3.

1976  Archaeohystrichosphaeridium  deflandrei
Moreau-Benoit in Moreau-Benoit, p.203, pl. 1,
fig.22,23.

Description: Vesicle originally spherical, outline
circular to subcircular. Eilyma 2.0 um thick, psi-
late. More than 20 processes, discrete, hollow,
freely communicating with vesicle interior, bases
rounded (2.0-3.0 um in diameter), overall length
4-8 um; form of small processes umbrellate, with
trunk tapering slightly to terminate distally as a
shallow, distally expanded, small colar structure.
No excystment structure observed.

Dimensions: Vesicle diameter 28-50 um; 12 speci-
mens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas Formation of SWP Do-
main.

Previous records: From Emsian to Strunian
(WOOD, 1984). In Portugal, U. deflandrei was
firstly reported in PEREIRA (1999) and PEREIRA
et al. (2007).

Umbellasphaeridium saharicum Jardiné, Combaz,
Magloire, Peninguel & Vachey, 1972

Plate 16, Fig.18

1964 Hystricosphaeridium sp. in Regali, p. 176,
fig.8.

1964 Hystricosphere in Wray, pl. 1, fig. 3.

1965 Hystricosphaeridium sp. in Brito, p. 2, pl. 1,
fig. 5-8.

1972 Umbellasphaeridium saharicum Jarding,
Combaz, Magloire, Peninguel & Vachey, pl. 22,
fig. 11, 12; pl. 3, fig. 1.

Description: Vesicle originally spherical, outline
circular to subcircular. Eilyma 0.5-0.8 pm thick
psilate. Processes 4-10 in number, discrete, psilate,
hollow, evenly distributed, freely communicating
with vesicle interior, bases rounded (2-3 pm in
diameter), overall length 7-15 pm; form of proc-
esses umbrellate, with trunk tapering slightly to
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terminate distally as a shallow, distally expanded,
funnel-like structure, up to 5 pm in maximum dia-
meter and showing some variation on given speci-
men. No excystment structure observed.

Dimensions: Vesicle diameter 28-50 um; 12 speci-
mens.

Occurrence: Phyllite-Quartzite Group of Iberian
Pyrite Belt and Tercenas Formation of SWP Do-
main.

Previous records: This distinctive species has been
widely reported, with a range of Emsian through
Famennian (WOOD, 1984), and in the Famenni-
an to Strunian of Portugal (CUNHA & OLIVEIRA,
1989; PEREIRA, 1995, 1997).

Genus UNELLIUM Rauscher, 1969

Type species: Unellium piriforme Rauscher, 1969;
by original designation.

Unellium piriforme Rauscher, 1969
Plate 17, Fig. 1

1969 Unellium piriforme Rauscher, p. 35-36, figs.
1-6.

1974 Unellium ampulium Wicander, p. 34; pl. 18,
figs. 7-9.

Description: Vesicle originally spheroidal, piri-
form to oval in outline. Eilyma thin, 0.2-0.5 um,
laevigate to faintly scabrate. Two distinct types
of processes; a single, relatively large major pro-
cess (9-15 pmlong and 3-6 pm in basal diameter)
and a variable number (13-22) of less substantial
minor proceses (6-12 um long and basal diameter
2-3 um). All processes spine like, discrete, hollow,
freely communicating with vesicle interior, tape-
ring from near circular bases to distally simple acu-
minate. No excystment structure observed.

Dimensions: Overall diameter 29-47 um; 16 speci-
mens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group of Iberian Pyrite Belt and
Tercenas Formation of SWP Domain (VH and LN
Miospore Biozone).
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Previous records: As summarized by PLAYFORD &
MCGREGOR (1993), this species has been wide-
ly reported from Middle Devonian to (probably)
Lower Carboniferous rocks. In Portugal, this specie
is reported from the Strunian (CUNHA & OLIVEI-
RA, 1989).

Genus VERYHACHIUM Deunff ex Downie 1959
emend. Sarjeant & Stancliffe, 1994

Type species: Veryhachium trisulcum (Deunff) De-
unff, 1959; by subsequent designation of Downie
(1959, p. 62).

Veryhachium downiei Stockmans & Williére, 1962
Plate 17, Figs.2-4

1962 Vervhachium downiei Stockmans & Williére,
p.47-48, pl. 2, fig.20-22.

Description: Vesicle triangular in outline, with
straight to slightly concave sides. Eilyma 0.4-0.5
wum thick, laevigate. Three simple, tapering, spine-
like processes, 5-28 um in length, drawn out from
each vesicle corner. Excystment by formation of an
epityche.

Dimensions: Overall size 15-32 pm; 62 specimens.

Occurrence: Horta da Torre, Sta Iria, Represa For-
mation of Pulo do Lobo, Phyllite-Quartzite Group
and Volcano-sedimentary Group of Iberian Pyrite
Belt and Tercenas Formation of SWP Domain (VH
and LN Miospore Biozone).

Previous records: This species has been widely
reported from Middle Devonian to Lower Carbon-
iferous rocks (PLAYFORD, 1977, WICANDER &
LOEBLICH, 1977 and PLAYFORD & MCGREGOR,
1993). In Portugal, this specie is reported from
the Famennian to Strunian (CUNHA & OLIVEIRA,
1989; OLIVEIRA et al., 2006; PEREIRA, 1997;
PEREIRA et al., 2006).

Veryhachium pannuceum Wicander & Loeblich,
1977

Plate 17, Figs.5-7

1977 Veryhachium pannuceum Wicander & Loe-
blich, p. 156; pl. 10, fig. 4.

Description: Vesicle triangular in outline, with
straight to concave or slightly convex sides. Eilyma,
psilate or scabrate, 0.4-0.6 um thick. Three simple,
coplanar, tapering, spine-like processes (length
7-10 um, basal diameter 1.5-2.5 pm) drawn out
from each vesicle corner, psilate to scabrate, hol-
low, opening into vesicle cavity. Eilyma surface
modified by low, narrow folds (up to 1.5 pm wide),
paralleling vesicle margin and extending to vesicle
corners, locally onto proximal process contacts. No
excystment structure observed.

Dimensions: Overall size 25 - 38 um; 17 speci-
mens.

Occurrence: Horta da Torre, Sta Iria, Represa For-
mation of Pulo do Lobo, Phyllite-Quartzite Group
and Volcano-sedimentary Group of Iberian Py-
rite Belt and Tercenas Formation of SWP Domain
(VCo, VH and LN Miospore Biozone).

Previous records: From the Frasnian-Famennian of
Indiana, U.S.A. (WICANDER & LOEBLICH, 1977)
and Famennian of Portugal, North Africa and Spain
(CLAYTON et al., 2002; GONZALEZ et al., 2005).

Veryhachium polyaster Staplin, 1961
Plate 17, Fig.8

1961 Veryhachium polyaster Staplin, p. 413; pl.
49, fig. 20.

1961 Veryhachium polyaster var. hexaster Staplin,
p- 413; pl. 49, fig. 19.

Description: Vesicle quadrate in outline, with
slightly concave sides. Eilyma, 0.5-0.8 pm thick,
psilate to minutely granulate, with 5-7 spine-like,
straight to slightly curved processes, 4 of which are
drawn out from each vesicle corner in the same
plane, with the other or others arising perpen-
dicularly to that plane. Processes 21.0-28.0 um in
length, psilate, hollow, communicating with vesi-
cle cavity, with broad bases 4.0-9.0 um in diame-
ter, and tapering to simple acuminate distal ends.
No excystment structure observed.

Dimensions: 60-75 pm; 11 specimens



Occurrence: Horta da Torre, Sta Iria, Represa For-
mation of Pulo do Lobo, Phyllite-Quartzite Group
and Volcano-sedimentary Group of Iberian Py-
rite Belt and Tercenas Formation of SWP Domain
(VCo, VH and LN Miospore Biozone).

Previous records: From the Frasnian to Famenni-
an of Canada (STAPLIN, 1961; PLAYFORD& MC-
GREGOR, 1993); Givetian to Famennian of North
America (PLAYFORD, 1977; WICANDER & LOE-
BLICH, 1977; WICANDER & WOOD, 1981; WI-
CANDER & PLAYFORD, 1985), Frasnian of Wes-
tern Australia (PLAYFORD, 1981), Famennian to
Strunian of Portugal and Spain (CLAYTON et al.,
2002; GONZALEZ et al., 2005).

Veryhachium trispinosum (Eisenack) Stockmans &
williere, 1962 “complex”

Plate 17, Figs.9-11

1938 Hystrichosphaeridium trispinosum Eisenack,
pp. 14, 16; text-figs. 2, 3.

1954 Veryhachium trispinosum (Eisenack) Deunff,
p. 306. [combination invalid: LC.B.N., Article
33.2]

1962 Veryhachium trispinosum (Eisenack) Stock-
mans & Williere, pp. 46-47; pl. 11, figs. 25, 26;
text-fig. 1. [1962a]

1981 Veryhachium trispinosum (Eisenack) auct.
non Deunff, 1954 “complex”; Wicander & Wood,
pp. 67-71; pl. 17, fig. 8.

For complete synonymy see Wicander & Wood
(1981, pp. 67-70).

Description: Vesicle triangular in outline, with
slightly concave to slightly convex sides of equal
or near-equal length. Eilyma 0,5-0.7 um thick, psi-
late. Vesicle cavity extending laterally at each vesi-
cle corner to form a psilate, straight to somewhat
curved, spine-like, tapering, hollow process freely
communicating with vesicle interior. Processes
1.5-2.5 um basal diameter, 7-35 um long. Excyst-
ment by epityche,

Dimensions: Vesicle diameter 13 (21) 33 um; 48
specimens.

Remarks: Specimens recovered in the SPZ appear
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to intergrade between Veryhachium trispinosum
(Eisenack) Stockmans & Williére, 1962 and V.
downiei Stockmans & Williére, 1962.

Occurrence: Horta da Torre, Sta Iria, Represa For-
mation of Pulo do Lobo, Phyllite-Quartzite Group
and Volcano-sedimentary Group of Iberian Py-
rite Belt and Tercenas Formation of SWP Domain
(VCo, VH and LN Miospore Biozone).

Previous records: Numerous reports from Silurian,
Devonian, and Carboniferous strata, connote a
cosmopolitan stratigraphic distribution.

Veryhachium sp. A
Plate 17, Figs.12-13

Description: Vesicle triangular in outline, with
straight to concave or slightly convex sides. Eilyma,
psilate or scabrate, 0.4-0.6 um thick. Three simple,
coplanar, tapering, spine-like processes (length
7-10 pm, basal diameter 1.5-2.5 um) drawn out
from each vesicle corner, psilate to scabrate, hol-
low, opening into vesicle cavity. Eilyma surface
marked by low, narrow folds (up to 1.0-1.5 pm
wide), extending from centre vesicle to vesicle cor-
ners, close by onto proximal process contacts. No
excystment structure observed.

Dimensions: 22 - 35 pm; 16 specimens.

Occurrence: Horta da Torre, Sta [ria, Represa For-
mation of Pulo do Lobo (VH Miospore Biozone).

Genus WINWALOEUSIA Deunff, 1977

Tvpe species: Winwaloeusia distracta (Deunff) De-
unff, 1977; by original designation.

Winwaloeusia repagulata Gonzélez, Moreno &
Playford, 2005

Plate 17, Figs.14-15

Description: Vesicle rectangular in outline with
concave sides. Eilyma thin (up to 0.5 um thick),
psilate to scabrate. Four processes, 10-15 um
in length and 2.5-3.5 um basal diameter, homo-
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morphic, spine-like, hollow, psilate, radiate from
each vesicle corner in same plane and freely com-
municating with vesicle interior. Each vesicle face
bearing 3 narrow ridges (2-2.5 um high), 2 ridges
disposed symmetrically in relation to the longitudi-
nal vesicle axis, the third ridge extending from the
junction of the other 2 ridges along the longitudi-
nal axis to the closest transverse side of the vesicle.
Excystment structure consisting of a simple split
developed at opposite transverse side.

Dimensions: 21- 41 um; 34 specimens.

Occurrence: Represa Formation of Pulo do Lobo,
Phyllite-Quartzite Group of Iberian Pyrite Belt and
Tercenas Formation of SWP Domain (VH and LN
Miospore Biozone).

Previous records: From the Upper Devonian of Ihe-
rian Pyrite Belt in Spain (GON et al., 2005)
and Portugal (PEREIRA, 1997, classified as W.
ranulaeforma).
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PLATE 1

Plate captions list the taxonomic name of the figured specimen, followed by the formation, sample number,
slide number and microscopic coordinates.
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Calamospora liguida KOSANKE, 1950; PQ Formation, borehole CP2, sample 1, 41.5 m, slide 1a, 1325-148.
Leiotriletes sp.; Godinho Formation, borehole 5D 34, sample 474.5m, slide 3, 1132-58,
Leiotriletes sp.; Godinho Formation, borehole SD 34, sample 474.5m, slide 1,1235-115.

Leiotriletes struniensis MOREAU-BENOIT, 1979; Neves Formation, borehole SJ 17, sample 388.0m, slide 1,
1245-146.

Plicatispora quasilabrata (HIGGS) HIGGS, CLAYTON & KEEGAN, 1988; Tercenas Formation, sample 284, slide
3a, 1265-165.

Plicatispora scolecophora (NEVES & I0ANNIDES) HIGGS, CLAYTON & KEEGAN, 1988; Tercenas Formation,
sample 313, slide 1, 1285-255.

Punctatisporites planus HACQUEBARD, 1957; Tercenas Formation, sample 46, slide 1, 1446-60.
Punctatisporites minutus KOSANKE, 1950; Tercenas Formation, sample 283, slide 1c, 1385-165.

Punctatisporites minutus KOSANKE, 1950; Neves Formation, borehole SJ 17, sample 388.0m, slide 3, 1416-
75.

Retusotriletes triangulatus (STREEL) STREEL, 1964; PQ Formarion, Borehole SD 34, 914.6m, slide 2, 1088-
125.

Punctatisporites irrasus HACQUEBARD, 1957; PQ Formation, borehole CP2, sample 41.5m, slide 1b, 1365-75.
Retusotriletes planus DOLBY & NEVES, 1970; PQ Formation, borehole CP2, sample 170.0m, slide 1, 1365-75.
Retusotriletes planus DOLBY & NEVES, 1970; Horta da Torre Formation, sample HT7, slidela, 1334-215.
Retusotriletes planus DOLBY & NEVES, 1970; Horta da Torre Formation, sample HTS, slide5, 1425-156.
Retusotriletes rugulatus RIEGEL, 1973; PQ Formation, Borehole SD 34, 914.6m, 1145-58.

Retusotriletes incohatus SULLIVAN, 1964; Tercenas Formation, sample 284, slide 1, 1240-105.

Retusotriletes crassus CLAYTON, JOHNSTON, SEVASTOPULO & SMITH, 1980; Tercenas Formation, sample
219, slide 1¢, 1270-150.

Retusotriletes phillipsii CLENDENING, EAMES &WOOD, 1980; PQ Formation, sample HT7, slide 4a, 1075-
135,

Retusotriletes phillipsii CLENDENING, EAMES &WOOD, 1980; PQ Formation, borehole CP2, sample 41.5m,
slide 2, 1168-212.
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PLATE 2

Acanthotriletes echinatus (KNOX) POTONIE & KREMP, 1955; Brejeira Formation, sample 240, slide
b1, 1378-140.

Acanthotriletes persibus HIGGS, 1975; Murracio Formation, sample 9, slide 1, 1210-92,
Anapiculatisporites concinnus PLAYFORD, 1962; Brejeira Formation, sample 372, slide 4, 1300-235.

Anaplanisporites  baccatus (HOFFMEISTER, STAPLIN & MALLOY) SMITH & BUTTERWORTH, 1967;
Brejeira Formation, sample 242, slide 2, 1420-215.

Apiculiretusispora fructicosa HIGGS, 1975; PQ Formation, borehole CP2 sample 41.5m, slide 1b, 1234-88.
Apiculiretusispora fructicosa HIGGS, 1975;PQ Formation, borehole CP2 sample 41.5m, slide 2, 1145-175.
Apiculiretusispora fructicosa HIGGS, 1975; Horta da Torre Formation, sample HT7, slide 1a, 1245-278.
Apiculiretusispora fructicosa HIGGS, 1975;Horta da Torre Formation, sample HT7, slide 3a, 1055-210.
Apiculiretusispora brandtii STREEL, 1964; Ribeira de Limas Formation, sample RL3, slide 3, 1436-112.

Granulatisporites  microgranifer IBRAHIM 1933; Bordalete Formation, sample 226, slide 1,
1053-215.

Camptotriletes paprothii HIGGS & STREEL, 1984; Tercenas Formation, sample 283, slide 1, 11355-80.
Crassispora catenata HIGGS, 1975; Bordalete Formation, sample 46, slide 1, 1335-140.
Cadiospora magna KOSANKE 1950; Brejeira Formation, Sample 62, slide 1,1254-175.

Crassispora kosankei POTONIE & KREMP emend BHARADWAJ 1957; Quebradas Formation, sample
387, slide 2, 1230-95.

Crassispora maculosa (KNOX) SULLIVAN, 1964; Brejeira Formation, sample 242, slide 8, 1425-220.

Crassispora maculosa (KNOX) SULLIVAN, 1964; Godinho Formation, borehole SD 34, sample 444.8m, slide 2,
1335-127.
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PLATE 3

Lophotriletes commissuralis (KOSANKE) POTONIE & KREMP, 1955; Bordalete Formation sample 142, slide 5,
1105-195.

Lophotriletes gibbosus (IBRAHIM) POTONIE & KREMP, 1954; Brejeira Formation, sample 372, slide 1, 1150-
150.

Lophaotriletes gibbosus (IBRAHIM) POTONIE & KREMP, 1954; Brejeira Formation, sample 372, slide 1, 1165-
75.

Neoraistrickia cymosa HIGGS, CLAYTON & KEEGAN, 1988; Bordalete Formation, sample 147, slide 4, 1215-
2495,

Neoraistrickia cymosa HIGGS, CLAYTON & KEEGAN, 1988;Bordalete Formation, sample 147, slide 1b, 1205-
170.

Neoraistrickia logani (WINSLOW) COLEMAN & CLAYTON, 1987; Bordalete Formation, sample 147, slide 2c,
1100-240.

Neoraistrickia logani (WINSLOW) COLEMAN & CLAYTON, 1987; Bordalete Formation, sample 147, slide 1,
1055-82.

Fustulatisporites dolbii HIGGS, CLAYTON & KEEGAN, 1988; Bordalete Formation, sample 48, slide 4, 1345-
26.

Raistrickia aculeata KOSANKE 1950; Brejeira Formation, Sample 63, slide 1, 1385-200.

Raistrickia clavata HACQUEBARD emend. PLAYFORD, 1964; Bordalete Formation, sample 334, slide 1, 1425-
123,

Raistrickia variabilis DOLBY & NEVES, 1970; Bordalete Formation, sample 48, slide 1, 1382-225.
Raistrickia fulva ARTUZ 1957; Quebradas Formation, sample 200, slide 1, 1430-205 .

Raistrickia nigra LOVE 1960; Murragio Formation, sample 379, slide 1, 1455-73.

Raistrickia nigra LOVE 1960; MDS1 Borehole, VSC, sample 359. 40m, slide 1, 1380-180.
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PLATE 4

Schopfites claviger SULLIVAN emend. HIGGS, CLAYTON & KEEGAN, 1988; Murragio Formation, sample 378,
slide 1, 1365-80.

Schopfites delicatus HIGGS, 1975; Murracio Formation, sample 372, slide 1, 1235-156,
Verruciretusispora lobosiakii HIGGS & FINUCANE, 2002; Gafo Formation, sample 13, slide 4, 1345-148.
Umbonatisporites distinctus CLAYTON 1971; Bordalete Formation, sample 336, slide 3, 1245-148.

Verrucosisporites bulliferus RICHARDSON & MCGREGOR, 1986, Ribeira de Limas Formation, Sample 3, slide 1,
1190-218.

Verrucosisporites congestus PLAYFORD, 1964; Bordalete Formation, sample 147, slide 1, 1025-107.
Verrucosisporites congestus PLAYFORD, 1964; Bordalete Formation, sample 147, slide 3, 1300-105.

Verrucosisporites irregularis PHILLIPS & CLAYTON, 1980; Bordalete Formation, sample 147, slide 2, 1146-
220.

Verrucosisporites nitidus (Naumova) PLAYFORD 1964; Tercenas Formation, sample 338, slide 1, 1110-110.
Verrucosisporites nitidus (Naumova) PLAYFORD 1964; Bordalete Formation, sample 147, slide 1, 1180-63.
Verrucosisporites premnus RICHARDSON, 1965; Ribeira de Limas Formation, sample RL1, slide 1, 1275-225.

Verrucosisporites scurrus (NAUMOVA) MCGREGOR & CAMFIELD, 1982; Gafo Formation, sample 13, slide 4,
1125-100.

Verrucosisporites scurrus (NAUMOVA) MCGREGOR & CAMFIELD, 1982; Ribeira de Limas Formation, sample
RL3, slide 3, 1078-110.

Waltzispora polita (HOFFMEISTER, STAPLIN & MALLOY) SMITH & BUTTERWORTH, 1967; Brejeira Forma-
tion, sample 229, slide 1, 1324-56.

Waltzispora polita (HOFFMEISTER, STAPLIN & MALLOY) SMITH & BUTTERWORTH, 1967; Murracdo Forma-
tion, sample 302, slide 1, 1360-80.

Acinosporites lindlarensis RIEGEL, 1968; PQ Formation, borehole M1, sample 126.3m, slide 1, 1115-45.

Convolutispora major (KEDO) TURNAU, 1978; Graga Formation, borehole SO 28, sample 472.7m, slide 5,
1140-210.

Convolutispora cerebra BUTTERWORTH & WILLIAMS, 1958; Murragdo Formation, sample 309, slide 1, 1473-
145.

Convolutispora florida HOFFMEISTER, STAPLIN & MALLOY, 1955; Quebradas Formation, sample 387, slide 1,
1342-115.
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Corbulispora sp.; Graga Formation, borehole SO 28, sample 472.7m, slide 1, 1334-158.
Dictvotriletes fimbriatus (WINSLOW) KAISER, 1970; Tercenas Formation, sample 105, slide 1, 1055-98.

Dictyotriletes probireticulatus (IBRAHIM) BUTTERWORTH & MAHDI 1981; Brejeira Formation, sample 238,b,1,
1350-110.

Dictyotriletes proprius PLAYFORD, 1978; IGM 0322; Graca Formation, borehole SO 28, sample 472.7m, slide 2,
1362-82.

Emphanisporites annulatus MCGREGOR, 1961; Ribeira de Limas Formation, samle RL3, slide 2, 1468-125.

Emphanisporites hibernicus CLAYTON, HIGGS & KEEGAN, 1977; Neves Formation, borehole 8J17, sample
388.0m, slide 2, 1155-88.

Emphanisporites rotatus MCGREGOR EMEND MCGREGOR,1973; Represa Formation, borehole MP 3, sample
36.60m, slide 2, 1335-160.

Emphanisporites rotatus MCGREGOR. EMEND MCGREGOR, 1973; Tercenas Formation, sample 106, slide 3,
1055-98.

Microreticulatisporites concavus BUTTERWORTH & WILLIAMS, 1958; Godinho Formation, borehole borehole
SO 28, sample 472, slide 5, 1105-135.

Microreticulatisporites concavus BUTTERWORTH & WILLIAMS, 1958; Murragiio Formation, sample 372, slide 1,
1305-60.

Tripartites vetustus SCHEMEL 1950; Godinho Formation, borehole SD 34, sample 444.8m, slide 2, 1265-75.
Triquitrites bransonii WILSON & HOFFMEISTER, 1956; Brejeira Formation, sample 242, slide 1, 1200-173.

Triquitrites tribullatus (IBRAHIM) SCHOPF, WILSON & BENTALL, 1944; Brejeira Formation, sample 242, slide
2, 1200-240.

Diatomozonotriletes franklinii MCGREGOR & CAMFIELD, 1982; PQ Formation, borehole M-1, sample 126.3m,
slide 2, 1135-185.

Diatomoszonotriletes cervicornutus (STAPLIN) PLAYFORD, 1963; Murracio Formation, sample 9, slide 2, 1312-
235,

Diatomozonotriletes rarus PLAYFORD, 1962; Godinho Formation, borehole SD 34, sample 474.5m, slide 2,
1275-100,

Diatomozonotriletes rarus PLAYFORD, 1962; Godinho Formation, borehole SD 34, sample 474.5m, slide 3,
1098-140.

Aneurospora greggsii (MCGREGOR) STREEL in BECKER, BLESS, STREEL & THOREZ, 1974, Gafo Formation,
sample 13, slide 3, 1290-100.

Aneurospora greggsii (MCGREGOR) STREEL in BECKER, BLESS, STREEL & THOREZ, 1974; PQ Formation,
borehole M-1, sample 126.3m, slide 1, 1425-110.

Aneurospora greggsii (MCGREGOR) STREEL in BECKER, BLESS, STREEL & THOREZ, 1974;Gafo Formation,
sample 13, slide 1, 1050-75.
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PLATE 6

Bellispores nitidus (Horst) SULLIVAN 1964; Murracio Formation, sample 229, slide 2, 1368-210.

Bellispores nitidus (Horst) SULLIVAN 1964; Mértola Formation, borehole SQ 14, sample 391, 6m, slide 1, 1050-
146

Knoxisporites concentricus (BYVSCHEVA) PLAYFORD & MCGREGOR, 1993; Tercenas Formation, sample 106,
slide 1, 1225-88,

Knoxisporites concentricus (BYVSCHEVA) PLAYFORD & MCGREGOR, 1993; Tercenas Formation, sample 284,
slide 2, 1238-205,

Knoxisporites literatus (WALTZ) PLAYFORD, 1963;Quebradas Formation, sample 388, slide 1, 1340-83.

Knoxisporites hederatus (ISHCHENKO) PLAYFORD, 1962; Graga Formation, borehole SO 28, sample 472.7m,
slide 2, 1268-80.

Knoxisporites hederatus (ISHCHENKO) PLAYFORD, 1962; Graga Formation, borehole 50 28, sample 472.7m,
slide 2, 1355-175.

Koxisporites ruhlandii DOUBINGER & RAUSCHER, 1966; Graga Formation, borehole SO 28, sample 472.7m,
slide 5, 1475-123.

Koxisporites ruhlandii DOUBINGER & RAUSCHER, 1966;Graca Formation, borehole SO 28, sample 472.7m,
slide 1, 1155-235.

Knoxisporites triradiatus HOFFMEISTER, STAPLIN & MALLOY sensu SULLIVAN 1964; Murragao Formation,
Sample 9, slide 3, 1058-86.

Knoxisporites triradiatus HOFFMEISTER, STAPLIN & MALLOY sensu SULLIVAN 1964; Graga Formation, Bore-
hole SO 28, sample 472.7m, slide 5, 1485-200.

Knaxisporites cf. triradiatus HOFFMEISTER, STAPLIN & MALLOY sensu SULLIVAN, 1964; Bordalete Formartion,
sample 147, slide 2, 1145-120.

Knoxisporites cf. triradiatus HOFFMEISTER, STAPLIN & MALLOY sensu SULLIVAN, 1964; Quebradas Forma-
tion, sample 388, slide 2, 1390-115.

Knoxisporites stephanephorus LOVE 1960; Murragao Formation, sample 379, slide 1, 1082-240,

Knoxisporites stephanephorus LOVE, 1960; Graga Formation, borehole SO 28, sample 472.7m, slide 5, 1473-
68.

Rotaspora fracta (SCHEMEL) SMITH & BUTTERWORTH, 1967; Mértola Formation, borehole SD 34, Sample
284.2m, slide 1, 1173-95,

Rotaspora knoxi BUTTERWORTH & WILLIAMs, 1958; Murragiao Formation, sample 29, slide 2, 1035-168.
Reticulatisporites reticulatus (IBRAHIM) IBRAHIM 1933; Quebradas Formation, sample 195, slide 1, 1364-35.
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PLATE 7

Secarisporites remotus NEVES, 1961; Bordalete Formation, sample 147, slide 1, 1123-35.

Reticulatisporites polygonalis (IBRAHIM) SMITH & BUTTERWORTH, 1967; Quebradas Formation, sample 388,
slide 4, 1215-152.

Reticulatisporites peltatus PLAYFORD, 1962; Brejeira Formation, sample 229, slide 1, 1435-157.

Savitrisporites nux (BUTTERWORTH & WILLIAMS) SMITH & BUTTERWORTH 1967; Murracio Formation,
Sample 387, slide 2, 1160-255;

Savitrisporites o (BUTTERWORTH & WILLIAMS) SMITH & BUTTERWORTH 1967; Mértola Formation, Bore-
hole SQ 14, sample 391.6m, slide 1, 1228-210.

Savitrisporites nux (BUTTERWORTH & WILLIAMS) SMITH & BUTTERWORTH 1967; Quebradas Formation,
sample 387, slide 2, 1160-255.

Savitrisporites concavus MARSHALL & SMITH, 1964; Brejeira Formation, sample 226, slide 2, 1055-188.
Savitrisporites sp. A; Quebradas Formation, sample 387, slide 2, 1332-150.

Savitrisporites sp. A; Quebradas Formation, sample 387, slide 2, 1414-145.

Tumulispora rarituberculata (LUBER) PLAYFORD 1991; Bordalete Formation, sample 324, slide 1, 1465-138.
Tumulispora rarituberculata (LUBER) PLAYFORD 1991; Bordalete Formation, sample 324, slide 1, 1098-105.
Tumulispora rarituberculata (LUBER) PLAYFORD 1991;Bordalete Formation, sample 46, slide 2, 1300-206.
Tumulispora rarituberculata (LUBER) PLAYFORD 1991;Bordalete Formation, sample 46, slide 2, 1300-105.

Archaeozonotriletes chulus (CRAMER) RICHARDSON & LISTER, 1969; PQ Formation, borehole M-1, sample
126.3m, 1210-145.

Chelinospora concinna ALLEN, 1965, Ribeira de Limas Formation, sample 1, slide 1, 1320-205.

Cymbosporites magnificus (McGregor) McGregor & Camfield, 1982; Ribeira de Limas Formation, sample RL3,
slide 2, 1458-124,

Cymbasporites magnificus (McGregor) McGregor & Camfield, 1982; PQ Formation, borehole M-1, sample
126.3m, slide 2, 1425-112.

Cyrtospora cristifera (Luber) emend. VAN DER ZWAN 1979; Bordalete Formation, sample 147, slide 3, 1155-
120.

Cyrtospora cristifera (LUBER) emend. VAN DER ZWAN 1979; Bordalete Formation, sample 290, slide 3, 1232-
54.

Cyrtospora cristifera (LUBER) emend. VAN DER ZWAN 1979; Bordalete Formation, sample 216, slide 2¢, 1198-
120, equatorial.
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PLATE 8

Cristatisporites sp. cf. C. inusitatus (ALLEN) MCGREGOR. & CAMFIELD, 1982, Ribeira de Limas Formation,
sample RL3, slide 3, 1260-228,

Camarozonotriletes sextantii MCGREGOR & CAMFIELD, 1976; PQ Formation, borehole M-1, sample 126.3m,
slide 2, 1265-175.

Cingulizonates loricatus (LOOSE) BUTTERWORTH & SMITH, 1964; Brejeira Formation, sample 240, slide
b1,1465-80.

Cirratriradites saturni (IBRAHIM) SCHOPF, WILSON & BENTALL, 1944; Brejeira Formation, sample 266, slide
1, 1260-87.

Cristatisporites indignabundus (LOOSE) STAPLIN & JANSONIUS, 196; Brejeira Formation, sample 242, slide 5,
1470-250.

Cristatisporites triangulatus (ALLEN) MCGREGOR & CAMFIELD, 1982; Represa Formation, borehole MP3, sam-
ple 36.60m, slide 1, 1090-180.

Cristatisporites triangulatus (ALLEN) MCGREGOR & CAMFIELD, 1982; Neves Formation, borehole SJ17, sam-
ple 388.0m, slide 1, 1380-145.

Cristatisporites triangulatus (ALLEN) MCGREGOR & CAMFIELD, 1982; Gafo Formation, sample 13, slide 2,
1315-165.

Densosporites annulatus (LOOSE) SMITH & BUTTERWORTH, 1967; Brejeira Formation, sample 229, slide 2,
1340-225.

Densosporites rarispinosurmn PLAYFORD, 1962; Godinho Formation, borehole SD 34, sample 474. 5m, slide 1,
1095-58.

Densosporites rarispinosum PLAYFORD, 1962; Godinho Formation, Borehole SD 34, sample 474. Sm, slide 2,
1342-195.

Densosporites rarispinosum PLAYFORD, 1962; Godinho Formation, Borehole SD 34, sample 474. 5m, slide 1,
1270-255.

Densosporites spithergensis PLAYFORD, 1963; Tercenas Formation, sample 105, slide 1, 1480-97.
Indotrirradites explanatus (LUBER) KEDO 1963; Tercenas Formation, sample 106, slide b2, 1391-165.
Kraeuselisporites fasciatus HIGGS, 1975; Bordalete Formation, sample 147, slide 2, 1305-105.
Indotriradites mitratus (HIGGS) HIGGS, 1996; Bordalete Formation, sample 147, slide 3, 1150-241.

Radiizonates aligerens (KNOX) STAPLIN & JANSONIUS 1964; Brejeira Formation, sample 242, slide 5, 1240-
210.

Lycospora pusilla (IBRAHIM) SCHOPF, WILSON & BENTALL 1944; Murracio Formation, Sample 280, slide
1,1220-175.

Lycospora pusilla (IBRAHIM) SCHOPF, WILSON & BENTALL 1944; MDS1 Borehole, VSC, sample 255, 30m,
slide 1, 1155-75.

Vallatisporites microspinosus CLAYTON, HIGGS & KEEGAN, 1988; Bordalete Formation, sample 147, slide 4,
1320-170.

Vallatisporites verrucosus HACQUEBARD,1957;Bordalete Fm, sample 147, slide 2, 1205-48.
Vallatisporites verrucosus HACQUEBARD, 1957; Bordalete Fm, Sample 147, slide 2, 1330-155.



163




164

Fig.
Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

i

Fig. 8.

Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

PLATE 9

Vallatisporites pusillites (KEDO) DOLBY & NEVES, 1970; Tercenas Formation, sample 283, slide c1, 1155-182,

Vallatisporites pusillites (KEDO) DOLBY & NEVES, 1970; PQ Formation, borehole CA 1, sample 323, slide 1,
1138-155.

Va!!un'.sparires hystricosus (WINSLOW) BYVSCHEVA, 1985; PQ Formation, borehole SD 34, sample 941.8 m,
slide 1, 1225-115,

Auroraspora corporiga HIGGS, CLAYTON & KEEGAN, 1988; Tercenas Formation, sample 399, slide 1, 1464-
198.

Ancyrospora? andevalensis GONZALEZ, PLAYFORD & MORENO, 2008; PQ Formation, borehole CP2, sample
41.5m, slide 1, 1225-40.

Ancyrospora? andevalensis GONZALEZ, MORENO & PLAYFORD, 2005; Horta da Torre Formation, sample 8,
slide 1, 1440-120.

Auroraspora macra SULLIVAN, 1968; Tercenas Formation, sample 399, slide 1, 1164-93.

Auroraspora macra SULLIVAN, 1968;Tercenas Formation, sample 399, slide 1, 1460-198,

Diducites mucronatus (KEDO) emend. VAN VEEN, 1981; Tercenas Formation, sample 400, slide 2, 1275-242.
Diducites poljessicus (KEDO) emend. VAN VEEN, 1981; Tercenas Formation, sample 400, slide 1, 1291-205.
Diducites versabilis (KEDO) emend. VAN VEEN, 1981; Tercenas Formation, sample 400, slide 1, 1346-170.

Cristicavatispora dispersa GONZALEZ, PLAYFORD & MORENO, 2005; Represa Formation, sample EM4, slide 1,
1225-185.

Cristicavatispora dispersa GONZALEZ, PLAYFORD & MORENO, 2005; Tercenas Formation, sample 284, slide 1,
1325-32.

Cristicavatispora dispersa GONZALEZ, PLAYFORD & MORENO, 2005: Sta Iria Formation, sample MM?7, slide 1,
1223-35.

Endoculeospora gradzinskii TURNAU, 1975; PQ Formation, borehole CP2, sample 41.5m, slide 2, 1045-88.

Diducites versabilis (Kedo) emend. VAN VEEN, 1981; PQ Formation, borehole CP2, sample 41.5m, slide 2, 1465-
220.

Endoculeospora gradsinskii TURNAU, 1975; PQ Formation, borehole CP2, sample 41.5m, slide 2, 1332-175.
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PLATE 10

Endosporites globiformis (IBRAHIM) SCHOPF, WILSON & BENTALL, 1944; Brejeira Formation, sample 22, slide
4, 1320-137.

Endosporites tuberosus GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, borehole SJ 17, 388.0m,
slide 2, 1238-98.

Endosparites tuberosus GONZALEZ, MORENO & PLAYFORD, 2005; Bordalete Formation, sample 334, slide 1,
1490-70,

Epigruspora regularis GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, borehole 5J 17, 388.0m,
slide 2, 1291-170.

Epigruspora regularis GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, borehole SJ 17, 388.0m,
slide 1, 1250-112.

Epigruspora regularis GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, borehole $J 17, 388.0m,
slide 1, 1088-175.

Geminospora spongiata HIGGS, CLAYTON & KEEGAN, 1988; Tercenas Formation, sample 105, slide 1, 1245-
230.

Geminospora lemurata BALME emend. PLAYFORD, 1983; Neves Formation, borehole SJ 17, 388.0m, slide 1,
1325-10.

Geminospora lemurata BALME emend. PLAYFORD, 1983; PQ Formation, borehole CP2, sample 170.0 m, slide
1, 1165-115.

Grandispora cornuta HIGGS 1975; PQ Formation, borehole CP2, sample 170.0 m, slide 1, 1242-105.
Grandispora cornuta HIGGS 1975; PQ Formation, borehole CP2, sample 170.0 m, slide 1, 1340-165.
Grandispora cornuta HIGGS 1975; Represa Formation, borehole MP3, sample 36.60m, slide 1, 1305-225.
Grandispora cornuta HIGGS 1975; Represa Formation, sample EM1, slide 1, 1474-65.

Grandispora cornuta HIGGS 1975; PQ Formation, borehole CP2, sample 170.0 m, slide 2, 1126-55.
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PLATE 11

Grandispora echinata HACQUEBARD emend. UTTING, 1987; Represa Formation, sample EM1, slide 1, 1226-
142.

Grandispora echinata HACQUEBARD emend. UTTING, 1987; Horta da Torre Formation, sample HT8, slide 2,
1015-246.

Grandispora echinata HACQUEBARD emend. UTTING, 1987; Horta da Torre Formation, sample HT7, slide 2b,
1255-125.

Grandispora echinata HACQUEBARD emend. UTTING, 1987; Neves Formation, borehole SJ 17, 388.0m, slide
3, 1275-127.

Grandispora echinata HACQUEBARD emend. UTTING, 1987; Represa Formation, sample EM4, slide 1a, 1088-
125.

Grandispora acuta HIGGS, HIGGS, AVKHIMOVITCH, LOBOZIAK, MAZIANE-SERRAJ, STEMPIEN-SALEK &
STREEL 2000; Tercenas Formation, sample 106, slide 4, 1390-145.

Grandispora acuta HIGGS, HIGGS, AVKHIMOVITCH, LOBOZIAK, MAZIANE-SERRAJ, STEMPIEN-SALEK &
STREEL 2000; Tercenas Formation, sample 106, slide 4, 1390-145.

Retispora lepidophyta (Kedo) PLAYFORD 1976; Tercenas Formation, sample 6, slide 4, 1420-140;
Retispora lepidophyta (Kedo) PLAYFORD 1976; Tercenas Formation, sample 105, slide 1, 1350-210;

Retispora lepidophyta (Kedo) PLAYFORD 1976; Neves Formation, borehole SJ 17, sample 388.0m, slide 1,
1041-164.

Retispora macroreticulata (KEDO) BYVSHEVA, 1985; PQ Formation, borehole CP2, sample 170.0 m, slide 1,
1095-155.

Retispora macroreticulata (KEDO) BYVSHEVA, 1985; PQ Formation, borehole CP2, sample 170.0 m, slide 2,
1425-150.

Grandispora variospinosa MCGREGOR & CAMFIELD, 1982; PQ Formation, borehole M1, sample 135.0m, slide
1, 1224-140.

Grandispora protea (NAUMOVA) MOREAU-BENOIT, 1980; PQ Formation, borehole M1, sample 135.0m, slide
2, 1465-75.

Rugospora explicata GONZALEZ, PLAYFORD &MORENO, 2005; PQ Formation, borehole CP2, sample 170.0 m,
slide 1b, 1232-45.

Rugospora explicata GONZALEZ, PLAYFORD &MORENO, 2005; Horta da Torre Formation, Sample 7, slide 3,
1505-200.

Rugospora explicata GONZALEZ, PLAYFORD &MORENO, 2005; Represa Formation, sample EM1, slide 1, 1145-
75.
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PLATE 12

Rugospora flexuosa (JUSHKO) STREEL, 1974; Horta da Torre Formation, Sample HT7, slide 1a, 1390-105.
Rugospora flexuosa (JUSHKO) STREEL, 1974; PQ Formation, borehole CP2, sample 170.0 m, slide 2, 1075-
198,

Spelaeotriletes arenaceus NEVES & OWENS, 1966; Graca Formation, barehole SO 28, sample 472.7m, slide 1,
1120-140.

Spelaeotriletes arenaceus NEVES & OWENS, 1966; Graca Formation, borehole SO 28, sample 472.7m, slide 1,
1225-175.

Spelacotriletes balteatus (PLAYFORIDY) HIGGS 1975; Bordalete Formation, sample 147, slide 4, 1345-195.

Spelacotriletes pretiosus (PLAYFORD) NEVES & BELT 1970; Bordalete Formation, sample 247, slide 4, 1354-
65.

Spelacotriletes pretiosus (PLAYFORD) NEVES & BELT 1970; Graca Formation, borehole SO 28, sample 472.7m,
slide 5, 1065-120.

Teichertospora iberica GONZALEZ, PLAYFORD & MORENO, 2005; Horta da Torre Formation, sample 7, slide
2b, 1450-185.

Teichertospora iberica GONZALEZ, PLAYFORD & MORENO, 2005; Neves Formation, borehole SJ 17, sample
388.0m, slide 1, 1335-75.

Aratrisporites saharaensis Loboziak, Clayton & Owens, 1986; Neves Formation, borehole $J 17, sample 388.0m,
slide 1, 1215-130.

Latosporites sp. A sensu OWENS, 1971; Tercenas Formation, sample 284, slide 2, 1420-105.
Propisporites laevigatus NEVES, 1961; Murragio Formation, sample 279, slide 1, 1215-132.

Thymospora pseudothiessenii (KOSANKE) WILSON & VENKATACHALA 1963; Brejeira Formation, Sample 63,
slide 1, 1220-185.

Thymospora pseudothiessenii (KOSANKE) WILSON & VENKATACHALA 1963;Brejeira Formation, Sample 63,
slide 1, 1315-170.

Thymospora obscura (KOSANKE) WILSON & VENKATACHALA 1963; Brejeira Formation, sample 63, slide 4,
1045-65.

Colatisporites decorus (BHARADWAJ & VENKATACHALA) WILLIAMS in NEVES et al., 1973; Tercenas Forma-
tion, sample 106, slide 4, 1455-187.

Torispora securis BALME 1952; Brejeira Formation, Sample 63, slide 1, 1135-185.
Torispora securis BALME 1952;Brejeira Formation, sample 63, slide 3, 1215-216.
Florinites junior POTONIE & KREMP 1954; Brejeira Formation, Sample 229, slide 3, 1145-100.
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PLATE 13

Fig. 1. Leiosphaeridia spp.; Tercenas Formation, sample 105, slide 1, 1405-125.

Fig. 2. Tasmanites spp.; PQ Formation, borehole CP2, sample 170,0m, slide 2, 1472-65.

Fig.3.  Cymatiosphaera perimembrana STAPLIN, 1961;Tercenas Formation, sample 106, slide 1, 1196-150.
Fig. 4. Dictyotidium litum COLBATH, 1990; PQ Formation, sample EM4, slide 2b, 1130-180.

Fig. 5. Maranhites brasiliensis BRITO, 1965; Neves Formation, sample 388, 0 m, slide 1, 1385-120.

Fig. 6. Maranhites brasiliensis BRITO, 1965; Neves Formation, sample 388, 0 m, slide 1, 1268-175.

Fig. 7. Maranhites britoii STOCKMANS & WILLIERE, 1969; Neves Formation, sample 388, 0 m, slide 1, 1255-40.
Fig. 8. Maranhites gallicus TAUGOURDEAU-LANTZ, 1968; Neves Formation, sample 388, 0 m, slide 1, 1285-165.
Fig. 9. Maranhites gallicus TAUGOURDEAU-LANTE, 1968; Neves Formarion, sample 388, 0 m, slide 1, 11375-95.

Fig. 10.  Maranhites britoii STOCKMANS & WILLIERE, 1969; Neves Formation, sample 388, 0 m, slide 1, 1232-125.
Fig. 11.  Maranhites mosesii (SOMMER) BRITO, 1967; Neves Formation, sample 388, 0 m, slide 1, 1328-115.

Fig. 12.  Maranhites mosesii (SOMMER) BRITO, 1967; Neves Formation, sample 388, 0 m, slide 1, 1280-55.

Fig. 13.  Maranhites mosesii (SOMMER) BRITO, 1967; Neves Formation, sample 388, 0 m, slide 1,1320-45.
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PLATE 14

Maranhites multioculus GONZALEZ, MORENO & PLAYFORD, 2005:Neves Formation, sample 388, 0 m, slide 1,
1235-68.

Maranhites multioculus GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, sample 388, 0 m, slide 1,
1375-155.

Maranhites multioculus GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, sample 388, 0 m, slide 1,
1224-170.

Maranhites perplexus WICANDER. & PLAYFORD, 1985; Neves Formation, sample 388, 0 m, slide 1, 1225-50,
Maranhites perplexus WICANDER & PLAYFORD, 1985; Neves Formation, sample 388, 0 m, slide 1, 1445-220.
Maranhites perplexus WICANDER & PLAYFORD, 1985; Neves Formation, sample 388, 0 m, slide 1, 1228-165.
Maranhites perplexus WICANDER & PLAYFORD, 1985; Neves Formation, sample 388, 0 m, slide 1, 1158-98.
Maranhites sp. A; Neves Formation, sample 388, 0 m, slide 1, 1255-125.

Maranhites sp. B; Neves Formation, sample 388, 0 m, slide 1, 1345-70.

Prerospermella euriptio MARTIN, 1984; Tercenas Formation, sample 105, slide 2, 1472-65,

Prerospermella euriptio MARTIN, 1984; PQ Formation, sample EM4, slide 2, 1025-190.
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PLATE 15

Duvernaysphaera radiata BRITO, 1967; Tercenas Formation, sample 106, slide 2b, 1295-241.
Duvernaysphaera radiata BRITO, 1967; Tercenas Formation, sample 106, slide 1, 1505-45.
Duvernaysphaera stellata DEUNFF, 1964; Tercenas Formation, sample 106, slide 1, 1478-100.
Duvernaysphaera tessella DEUNFF, 1964; Tercenas Formation, sample 106, slide 2c, 1218-170.
Chomotriletes vedugensis NAUMOVA, 1953; Neves Formation, sample 388, 0 m, slide 1, 1290-195.

Crassiangulina tesselita JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & VACHEY, 1972; Horta da Torre Forma-
tion, sample 8, slide 5, 1145-88.

Crassiangulina tesselita JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & WACHEY, 1972; Horta da Torre Forma-
tion, sample 8, slide 5, 1175-155.

Crassiangulina tesselita JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & VACHEY, 1972; PQ Formation, sample
EM4, slide 2 a, 1325-90.

Crassiangulina tesselita JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & VACHEY, 1972; PQ Formation, sample
EM4, slide 2 b, 1275-45.

Craterisphaeridium sprucegrovense (STAPLIN) TURNER, 1986; Horta da Torre Formation, sample 7, slide 1a,
1400-80.

Craterisphaeridium sprucegrovense (STAPLIN) TURNER, 1986; Horta da Torre Formation, sample 7, slide 2b,
1320-115.

Craterisphaeridium sprucegrovense (STAPLIN) TURNER, 1986; Horta da Torre Formation, sample 7, slide 2b,
1320-115 (1250x).

Deltotosoma sp.; PQ Formation, sample EM4, slide 2, 1165-135.

Daillydium pentaster (STAPLIN) emend. PLAYFORD IN PLAYFORD & DRING, 1981; PQ Formation, sample
EM4, slide 2 b, 1300-98.

Daillydium pentaster (STAPLIN) emend. PLAYFORD IN PLAYFORD & DRING, 1981; PQ Formation, sample
EM4, slide 5, 1435-120.

Dupliciradiatum crassum GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, sample 388, 0 m, slide
1, 1375-85.

Dupliciradiatum crassum GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, sample 388, 0 m, slide
1, 1256-215.

Dupliciradiatum tenue GONZALEZ, MORENO & PLAYFORD, 2005; Neves Formation, sample 388, 0 m, slide 1,
1445-125.
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PLATE 16

Gorgonisphaeridium ohioense (WINSLOW) WICANDER, 1974; Horta da Torre Formation, sample 7, slide 1b,
1382-195.

Gorgonisphaeridium ohioense (WINSLOW) WICANDER, 1974; Horta da Torre Formation, sample 7, slide 2a,
1448-154.

Gorgonisphaeridium plerispinosum WICANDER, 1974; PQ Formation, sample EM4, slide 1 d, 1215-180.
Gorgonisphaeridium plerispinosum WICANDER, 1974; PQ Formation, sample EM4, slide 2 a, 1025-154,

Horologinella horologia (STAPLIN) JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & VACHEY, 1972; Horta da
Torre Formation, sample 7, slide 2b, 1290-131.

Horologinella horologia (STAPLIN) JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & VACHEY, 1972; Horta da
Torre Formation, sample 8, slide 2b, 1120-185.

Micrhystridium stellatum DEFLANDRE, 1945; PQ Formation, sample EM4, slide 2a, 1085-95.

Micrhystridium stellatum DEFLANDRE, 1945; Horta da Torre Formation, sample 8, slide 3, 134-224,
Palacanthus ledanoisii (DEUNFF) PLAYFORD, 1977; PQ Formation, sample EM4, slide 2a, 1125-145.
Palacanthus ledanoisii (DEUNFF) PLAYFORD, 1977; PQ Formation, sample EM4, slide 2b, 1032-135.
Palacanthus tripus MARTIN, 1984: PQ Formation, sample EM4, slide 2a, 1335-215.

Palacanthus tripus MARTIN, 1984; PQ Formation, sample EM4, slide 1b, 1245-105.

Navifusa bacilla (DEUNFF) PLAYFORD, 1977; Neves Formation, sample 388, 0 m, slide 1, 1455-125.
Stellinium comptum WICANDER & LOEBLICH, 1977; Horta da Torre Formation, sample 8, slide 1, 1030-65.
Stellinium comptum WICANDER & LOEBLICH, 1977; Horta da Torre Formation, sample 7, slide 2b, 1010-85.

Stellinium micropolygonale (STOCKMANS & WILLIERE) PLAYFORD, 1977; PQ Formation, sample EM4, slide
1b, 1245-105.

Stellinium micropolygonale (STOCKMANS & WILLIERE) PLAYFORD, 1977; Horta da Torre Formation, sample
7, slide 2b, 1285-45,

Umbellasphaeridium saharicum JARDINE, COMBAZ, MAGLOIRE, PENINGUEL & VACHEY, 1972; Tercenas For-
mation, sample 106, slide 1, 1478-125.

Umbellasphaeridium deflandrei (MOREAU-BENOIT) JARDINE, COMBAZ, MAGLOIRE, PENIGUEL & VACHEY,
1972; Neves Formation, sample 388, 0 m, slide 1, 1315-218.
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PLATE 17

Unellium piriforme RAUSCHER, 1969; Horta da Torre Formation, sample 7, slide 4a, 1245-160.

Veryhachium downiei STOCKMANS & WILLIERE, 1962; PQ Formation, borehole MSD 1, sample 42,60m, slide
1, 1120-110.

Veryhachium downiei STOCKMANS & WILLIERE, 1962; Horta da Torre Formation, sample 7, slide 2a, 1433-
95.

Veryhachium downiei STOCKMANS & WILL[E.RE, 1962; Santa Iria Formation, sample 7, slide 1, 1070-215.

Veryhachium pannuceum WICANDER & LOEBLICH, 1977; Horta da Torre Formation, sample 8, slide 2a, 1255-
125,

Veryhachium pannuceum WICANDER & LOEBLICH, 1977: Horta da Torre Formation, sample 8, slide 2a, 1015-
85,

Veryhachium pannuceum WICANDER & LOEBLICH, 1977; PQ Formation, sample EM4, slide 1 ¢, 1345-82.
Veryhachium polyaster STAPLIN, 1961; Horta da Torre Formation, sample 7, slide 3a, 1175-215.

Veryhachium trispinosum (EISENACK) STOCKMANS &WILLIERE, 1962 “complex”; PQ Formation, sample EM4,
slide 1 a, 1152-85.

Veryhachium trispinosum (EISENACK) STOCKMANS &WILLIERE, 1962 “complex”; PQ Formation, sample EM4,
slide 2 a, 1100-133.

Veryhachium trispinosum (FISENACK) STOCKMANS &WILLIERE, 1962 “complex™ Horta da Torre Formation,
sample 8, slide 2, 1373-120.

Veryhachium sp. A; PQ Formation, sample EM4, slide 5 a, 1045-100.
Veryhachium sp. A; PQ Formation, sample EM4, slide 5 b, 1128-215.

Winwaloeusia repagulata GONZALEZ, MORENO & PLAYFORD, 2005; Horta da Torre Formation, sample 7, slide
2a, 1235-125.

Winwaloeusia repagulata GONZALEZ, MORENO & PLAYFORD, 2005; PQ Formation, sample EM4, slide 3 a,
1225-58.









