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The eocrinoid Ascocystites is recorded from the Middle Ordovician (Lower Llanvim) Brejo Fundeiro Formation 
of the Domes region, central Portugal. The Brejo Fundeiro Formation is a sequence of mudrocks overlying the 
“Armorican Quartzite” (Lower Ordovician, Arenig). Ascocystites was found in a decalcified concretion from a 
horizon close to the base of the formation. This genus has previously been recorded only from the Middle Ordovician 
of Bohemia and the Armorican Massif. AH occurrences lie within the Gondwanan West European Platform.

L’6ocrinoiide Ascocystites est reconnu dans la Formation de Brejo Fundeiro de l ’Ordovicien moyen (Llanvim 
inferieur) de la region de Dames, dans le centre du Portugal. La Formation de Brejo Fundeiro est une sequence de 
mudrocks recouvrant la “Quartzite Armoricaine” (Ordovicien inferieur, Arenig). Ascocystites fut trouv6 dans une 
concretion d£calcifi£e d’un horizon pres de la base de la formation. Ce genre 6tait auparavant connu seulement de 
l ’Ordovicien moyen de la Boheme et du massif armoricain. Toutes les occurences se situent dans la plate-forme de 
Gondwana de l ’Europe de l ’ouest.

[Traduit par la redaction]

I n t r o d u c t io n

The Lower Paleozoic echinoderms (mainly blastozoan 
pelmatozoans) of Portugal were documented by Delgado 
(1908, among others). However, these reports largely consist 
of lists of species, lacking illustrations and formal descrip­
tions. Lower Paleozoic echinoderms of Portugal are, there­
fore, in need of detailed reanalysis. As a contribution to this 
study, the first occurrence of the eocrinoid genus Ascocys­
tites in Portugal is recorded herein.

The described specimens are deposited in the British 
Museum (Natural History), London (BMNH). Eocrinoid 
terminology follows Ubaghs (1968). The protocol of open 
nomenclature follows Bengtson (1988).

S t r a t ig r a p h y

The specimens are preserved in a decalcified concretion 
from the lower part of the Brejo Fundeiro Formation (Llan­
vim, Middle Ordovician) of the Domes region, central Portu­
gal (Fig. 1). The Brejo Fundeiro Formation, informally erected 
by Cooper (1980), constitutes the local lower part of a mid- 
Ordovician succession dominated by mudrocks. This over- 
lies the local development of the Arenig (Lower Ordovician) 
“Armorican Quartzite” facies. Indeed, the sandstone-domi­
nated Arenig strata are overlain throughout the West Euro­
pean Platform (Young, 1990), including central Portugal, by 
mudstones of Llanvim age (Romano et al., 1986; Young,

1989,1990). This major change of facies is interpreted as the 
product of a relative rise of sea-level close to the Arenig/ 
Llanvim boundary (Young, 1989; Fortey et al., 1990). The 
area in which the cystoid was found constitutes the type area 
for both the Serra do Brejo and Brejo Fundeiro formations.

The concretion was recovered from the debris on the 
surface of a forestry track at locality 1 (Fig. 1.1). Although 
not recovered in situ, the concretion is not considered to have 
been transported far, if at all. The point at which it was 
collected corresponds to a stratigraphic horizon approxi­
mately 10 to 20 m above the base of the Brejo Fundeiro 
Formation, but poor exposure and faulting have prevented 
closer determination of provenance. Sections along strike 
from locality 1 were examined, therefore, in an attempt to 
provide more information on the origin of the concretion.

Locality 2 (Fig. 1.2) presents a rather faulted and incom­
plete section through the upper part of the Serra do Brejo 
Formation and the lower part of the Brejo Fundeiro Forma­
tion. The actual contact between units is not seen, but ap­
proximately 12 m of the Brejo Fundeiro Formation is ex­
posed below an ooidal ironstone (ironstone horizon °1 of 
Young, 1989), with a 9 m gap in the section between these 
strata and the highest exposed Serra do Brejo Formation (Fig. 
2). The ooidal ironstone overlies a coarsening-upward se­
quence of bedded siltstones. Discoidal concretions up to 300 
mm in diameter form a horizon 2.7 m below the base of the 
ironstone. These concretions are decalcified and partly silici- 
fied, and the original carbonate mineralogy is unknown. The
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Fig. 1. Locality maps. (1) Locality 1 (starred), which yielded the specimens of Ascocystites sp. described herein. (2) Localities 2 and 3 
(starred; see measured sections, Fig. 2). (3) Outline map of the Iberian Peninsula, showing the position of the Domes region (arrowed). 
(4) Geological map of the Domes region, showing the relationship between the areas shown in Figures 1.1 (upper box) and 1.2.

concretions contain a fauna that includes pendant didymograp- 
tids and asaphid trilobites. Concretions also occur up to 10 m 
above the ironstone, but these are invariably very hard, 
compact, dark nodules with cone-in-cone structures. It is 
almost certain that the horizon yielding the specimen de­
scribed herein is that just below the ooidal limestone. Large 
carbonate concretions also occur within siltstones a similar 
distance beneath the same ironstone horizon at Postolonnec, 
Brittany.

Locality 3 (Figs 1.2,2) exposes a short length of section 
across the Serra do Brejo Formation/Brejo Fundeiro Forma­
tion boundary. The contact between the highest sandstone of 
the Serra do Brejo Formation and the lowest mudstone of the 
Brejo Fundeiro Formation is sharp. The highest sandstone 
has been eroded into bedforms with steep, locally overhang­
ing sides, with an erosional relief of up to 200 mm. The 
sandstone contains much fine-grained phosphatic material 
and resembles the uppermost bed of the “Armorican Quartz­
ite” in the Bu9aco syncline 50 km to the north (Romano et al., 
1986). Fossils are not abundant in the lowest Brejo Fundeiro 
Formation, but pendant didymograptids occur within 1 m of 
the base, as they also do in the Bugaco syncline localities 
described by Romano et al. (1986).

Additional clarification of the local lithostratigraphy is 
necessary. Both the Serra do Brejo and Brejo Fundeiro 
formations are based on informal units proposed by Cooper 
(1980). The Serra do Brejo Formation was erected formally 
by Cooper and Romano (1982). A formal definition of the 
Brejo Fundeiro Formation has not been published, but it has

been mentioned in papers by Romano (1982a, b), Cooperand 
Romano(1982), Young(1988,1989,1990),and Paris(1990). 
Romano (1982b) mentioned that the type section is 500 m 
south of Brejo Fundeiro and Young (1988) made this forma­
tion the lowest unit of the Cacemes Group. While a complete 
description of this unit is beyond the scope of this paper, it is 
considered relevant to describe and discuss the nature of the 
base of the formation in what has been indicated (Cooper and 
Romano, 1982) as the type area.

The unpublished description by Cooper (1980) of his 
‘type section’ did not include a measured section of the base 
of the formation. Because of the great contrast in competence 
between the Serra do Brejo Formation (and its lateral equiva­
lents) and the overlying mudstones, this contact is almost 
everywhere poorly exposed. In central Portugal, five sections 
across the contact have now been found in the Bu9aco 
syncline (two described by Romano et al., 1986) and one in 
the Domes area (locality 3 herein; Fig. 2). The base of the 
formation is not exposed in the area described by Romano 
(1982b) as the type area of the formation. Locality 3 of the 
present paper is less than 6 km north of the type area desig­
nated by Cooper (1980) and mentioned by Romano (1982b). 
It is therefore considered appropriate to formalize the basal 
stratotype for the formation at this locality. The base of the 
formation is taken as the sharp contact between the phos­
phatic sandstones and the overlying siltstones, as indicated 
above.

The top of the formation is coincident with the base of the 
Monte da Sombadeira Formation. This unit has also not been
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scheme, and beds correlated by Young (1989,1992) with the 
nodule-bearing horizon at Domes are attributed to the 
Cyathochitina calix Biozone (=Zones 5 and 6 of Paris, 1981). 
This biozone is interpreted as being equivalent to part of the 
Didymograptus (Didymograptus) artus Biozone of the An- 
glo-Welsh area (Lower Llanvim; Fortey et al., 1991).

S y s t e m a t ic  P a l e o n t o l o g y

Class Blastozoa Sprinkle, 1973

Remarks: The Blastozoa were originally erected as a sub­
phylum of the echinoderms by Sprinkle (1973, p. 56), but are 
best regarded as a class following the recognition of the 
Pelmatozoa and Eleutherozoa as natural groups (=subphyla) 
by Paul and Smith (1984).
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10 Locality 3

BREJO
FUNDEIRO 2-1

FM.
1

*0-1

9  m covered

Group ‘Eocrinoidea’ Jaekel, 1918

Remarks: The eocrinoids, given class status by Jaekel (1918; 
see also Broadhead, 1982), are a paraphyletic group (Paul, 
1988). However, the term eocrinoid is used informally herein 
to designate a particular level of blastozoan organization 
(Paul and Smith, 1984).

Family Ascocystitidae Ubaghs, 1968 
Genus Ascocystites Barrande, 1887

Type species: By original designation, Ascocystites dra- 
bowensis Barrande, 1887, p. 118, pis. 32, 33 (Bassler and 
Moodey, 1943, p. 132; Ubaghs, 1968, p. S483).

SERRA DO 
BREJO FM.

Fig 2. Measured sections of the upper Serra do Brejo and lower 
Brejo Fundeiro formations at localities 2 and 3 (see Fig. 1.2). 
Vertical scale in meters.

formally defined, but is now widely used. Its sedimentology 
was discussed by Brenchley et al. (1986), who illustrated 
several sections of the formation. The top of the Monte da 
Sombadeira Formation is formed by the base of the overlying 
siltstone unit defined by Young (1988) as the Fonte da Horta 
Formation.

The ooidal ironstone overlying the nodule-bearing bed is 
considered to be the same horizon as that in the Bugaco 
syncline further north, which in turn has been correlated with 
a similar unit in Brittany (Young, 1989, 1992). Paris (1981) 
placed the ironstone in Brittany within chitinozoan biozone 
7. Biozone 6 is recorded from phosphatized clasts within the 
ironstone, and biozone 5 from beds beneath the nodule­
bearing horizon. The horizon with the nodules is thus within 
biozone 5 or 6. Paris (1990) has formalized his earlier zonal

Other species: A. barrandei Jaekel, 1918; A.? cuneiforms 
Chauvel, 1941; A. micraster Barrande, 1887; Ascocystites sp.

Diagnosis: (Based on Ubaghs, 1968; Sprinkle, 1973; Paul, 
1988). Column holomeric, heteromorphic with alternating 
larger and smaller discoid columnals, circular in section and 
tapering distally. Theca large, elongate, hexagonal in section 
and spindle-shaped. Theca comprised of numerous, larger or 
smaller, polygonal plates, not arranged in circlets, but with 
six principal columns of ossicles, sculptured by radiating 
ridges. No epispires, but radiating ridges are hollow grooves 
interiorly. Oral surface flattened, tegmen-like, with a central 
peristome, with five large, interradial oral and a variable 
number of radial adoral ossicles. Five curved ambulacra with 
brachioles arising by exotomous (on the left side only) to 
heterotomous branching. Twenty to thirty biserial brachi­
oles, inserted on the outer edge of an oral plus adoral or of two 
adorals at edge of oral surface. Brachioles long and biserial. 
Cover plates on peristome and on adoral grooves. Positions 
of gonopore, hydropore and anus unknown.

Range: Middle Ordovician of Bohemia, France (Armorican 
Massif) and Portugal.
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Ascocystites sp.
Figures 3, 4

M aterial: Natural History Museum (BMNH), London, EE 
3205a, b, a decalcified concretion containing at least three 
part and counterpart external moulds of Ascocystites sp., 
numbered EE 3205 (l)-(3).

Occurrence: Collected as a loose block probably derived 
from a horizon of decalcified concretions near the base of the 
Brejo Fundeiro Formation, Domes region, central Portugal 
(Figs. 1, 2), Lower Llanvirn (Middle Ordovician). See dis­
cussion above.

Description: Distal termination of column not preserved (but 
see Nestler, 1987). BMNH EE 3205(1) retains proximal 7 
mm of column which curves through 90°. Columnal holom- 
eric, circular in section and tapering distally immediately 
beneath the theca. Heteromorphic N1 (sensu Webster, 1974), 
comprised of alternating lower and higher columnals, with 
contrast in heights decreasing distally (EE 3205(1)), or with­
out a heteromorphic alternation of columnals (EE 3205(3)). 
Articular facet not seen.

Theca flattened (=crushed after burial), conical and high. 
Plating sometimes indistinct. Six rays, each consisting of a 
uniserial sequence of plates, each ray with a prominent, 
median ridge. Lowermost plates of each ray high, narrowest 
at base, widening adorally, polygonal (pentagonal?) in out­
line and forming a circlet at the base of the theca. Other plates 
of ray series broad, high, polygonal, and arranged in col­
umns, but not circlets. Rays separated by polygonal interra- 
dial plates. Plates of theca bear a fine, ridged sculpture. 
Epispires absent. Oral surface not preserved.

Brachioles slender, biserial, comprised of moderately 
high plates. Adoral groove concealed by cover plates.

Discussion: This is the first record of Ascocystites from the 
Iberian Peninsula. However, none of the available thecae is 
sufficiently well-preserved for them to be included within 
any of the nominal species within this genus. The closest 
paleogeographic occurrence of Ascocystites to Domes is A.? 
Cuneiforms Chauvel from the Armorican Massif (Fig. 5). 
However, this is too poorly known for a comparison with the 
Domes species (Chauvel, 1941,p. 118,119,fig.47). Indeed, 
Ascocystites would benefit from a thorough revision based on 
all available material in order to delineate fully the differ­
ences between species and the structure of the theca.

Delgado (1908) tabulated Ordovician faunas, including 
echinoderms, from various Portugese sequences. Moderately 
diverse pelmatozoan faunas (principally blastozoans with

Fig. 3. Ascocystites sp. (1) BMNH EE 3205a. Large theca is EE 
3205(1) (brachioles indicated by open arrow), with EE 3205(2), a 
smaller theca, indicated by a closed arrow. (2) BMNH EE 3205b. 
Latex casts of part and counterpart external moulds whitened with 
ammonium chloride. Both x3.
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Fig. 4. Ascocystites sp., BMNH EE 3205(1), column and lower 
part of theca. (1) BMNH EE 3205 a. (2) BMNH EE 3205b. Camera 
lucida drawings of latex casts taken from part and counterpart 
external moulds.

common crinoid(?) columnals) are known from the Lower 
Caradoc of Amendoa and the Ashgill of Buijaco (see maps in 
Romano, 1982a; Young, 1990). The Domes region is strati- 
graphically similar to the Amenoda area, from which Delgado 
(1908) only recorded the aristocystitid diploporite Calix 
murchisoni Vemeuil and Barrande in the Llanvirn. Delgado 
recorded no echinoderms from the Ordovician of Domes.

The Domes area forms part of the West European Plat­
form of Young (1990), a region of thin Ordovician shelf 
sequences (=Variscan Massifs) including the Centro-Ibe- 
rian/Armorican region, the Catalan region, the Ossa Morena 
Zone, Thuringia, Bohemia, and the Carnic Alps. This region 
was a stable cratonic block during the Ordovician. The 
known distribution of Ascocystites lies entirely within the 
limits of this platform region, with species having been 
described from Bohemia, Armorica and now Domes. The 
West European Platform is considered to have formed part of 
Gondwana during the Ordovician (Young, 1990), based on 
paleontological and tectonic evidence, and all occurrences of 
this genus lie between about 30°S and 60°S paleolatitude 
(Fig. 5).
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