
Brachiopods are one of the most common elements of 
the macrofauna collected from the thick siliciclastic 
Ordovician succession of Belgium in which they were first 
reported in the first half of the 19th century (Anonymous 
1835). Nevertheless, many lithostratigraphic units are 
devoid of brachiopod fossils and each new discovery de­
serves to be documented in detail. In Belgium, Ordovician 
rocks are known from six Caledonian massifs (or inliers), 
namely (broadly from north to south) the Brabant Massif, 
the Condroz Inlier, the Stavelot–Venn, Rocroi, Serpont 
and Givonne inliers (Figs 1, 2). Until now, Ordovician 
brachiopods are only known from the first three inliers 
listed (e.g. Sheehan 1987, Candela & Mottequin 2022, 
Candela et al. 2025). 

The Brabant Massif consists of a thick series of Cam­
brian–Silurian siliciclastic deposits known in the sub-
surface of central and northern Belgium (Fig. 1) (see 
references in Herbosch & Debacker 2018). It covers a sur- 

face area of c. 10,000 km2 but only crops out in the in­
cised valleys that cut into its south-eastern margin (e.g. 
Senne valley; Fig. 1) (Legrand 1968); elsewhere, it is 
exclusively known from boreholes. This massif, which 
extends northwestwards to the concealed Caledonides of 
East Anglia beneath the North Sea (Verniers et al. 2002), 
constitutes the SE part of the Anglo–Brabant Massif (e.g. 
Pharaoh et al. 1993, 1995; Pharaoh 2018) (Fig. 2). The 
Condroz Inlier (also called historically ‘Bande de Sambre 
et Meuse’) is a c. 65 km long inlier, that is only a few km  
wide (Verniers et al. 2002). It has a close geological rela- 
tionship with the Brabant Massif, with several sedimento­
logical facies in common. The Stavelot–Venn Inlier (Fig. 1),  
on the other hand, is the largest of the four Ardenne 
inliers (formerly ‘massifs’). It covers more than 1000 km2 
(Graulich 1963) and thus is the second largest Caledonian 
massif in Belgium. Mostly outcropping in eastern Bel­
gium, it also extends to Germany (Geukens 1999). 
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During the Ordovician, the Brabant Massif was 
situated in high southern latitudes. It has definitively been 
attributed to Avalonia, a  separate microcontinent with 
a Gondwanan origin, located offshore from high latitude 
Gondwana (Amazonia–North-West Africa) (e.g. Servais 
& Sintubin 2009, Torsvik & Cocks 2017, Herbosch 
2021). The palaeogeographical situation of the Stavelot–
Venn Inlier is debated, but some authors consider it as 
being also part of Avalonia during the early Palaeozoic 
(Herbosch et al. 2020).

Recent studies on linguliformean brachiopods from 
the Ordovician of the Brabant Massif and the Condroz 
and Stavelot–Venn inliers have led to the recognition 
of several distinct, but not very diverse, assemblages 
(Candela et al. 2021, 2025; Candela & Mottequin 
2022, 2023). One of the most striking features of these 
assemblages is undoubtedly the large size of the lingulids 
from the Katian of the Brabant Massif (Candela & 
Mottequin 2023). In comparison, the Tremadocian and 
Floian linguliformean faunas are composed of minute 
species belonging to a limited number of genera. While 
the linguliformean and craniiformean brachiopods 
from the Ordovician Belgian inliers have recently been 
documented (see the aforementioned references), repre­

sentatives including lingulids, discinids and craniids from 
the Belgian Devonian and Carboniferous succession 
(Lochkovian–Moscovian) deserve to be re-investigated 
taxonomically, supplementing numerous recent re-
illustrations of type material (Mottequin 2019, 2021; 
Mottequin et al. 2019, 2023; Mottequin & Poty 2022). 
Furthermore, no linguliformeans and craniiformeans have 
been reported so far in the Silurian deposits of the Brabant 
Massif and the Condroz Inlier, despite the extensive 
development of graptolitic shaly facies in which these 
nonarticulates can sometimes be abundant, compared 
to the sparsity of rhynchonelliformeans (Mottequin & 
Jansen, 2025).

The present paper aims to document, for the first time, 
the brachiopods reported by Van Tassel (1986) from the 
lower Tremadocian of the Thyle valley in the Brabant 
Massif. They are the oldest brachiopods recognized in 
this region and are compared with those identified in the 
boreholes that reached Tremadocian rocks in England 
(e.g. Bulman & Rushton 1973). It also complements 
Candela & Mottequin’s (2022) study on the Ordovician 
linguliformeans from the Stavelot–Venn Inlier discussing 
further their palaeoecology and Malaise’s (1878a, b) 
dubious ‘Lingula’ reports from this area.

Figure 1. Location and schematic geological map of southern Belgium and adjacent countries (modified from de Béthune 1954 and Mottequin 2021). 
Abbreviations: F. – Fault; G. – Germany; HSM OTS – Haine–Sambre–Meuse Overturned Thrust sheets (Belanger et al. 2012); N. – the Netherlands; 
SG – Solwaster (Gospinal).
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Geological setting

The Lower Ordovician lithostratigraphy of the Brabant 
Massif was summarized by Verniers et al. (2002) and 
Herbosch & Verniers (2013). The reader is referred to 
Candela & Mottequin (2022) for information related to the 
geological context of the brachiopods originating from the 
Stavelot–Venn Inlier. Correlations between both massifs 
were recently discussed by Herbosch (2021) (Fig. 3).

The linguliformean brachiopods cited as ‘lingules’ 
by Van Tassel (1986) are from the uppermost part of the  
Mousty Formation (Ottignies Group), known as the  
Tangissart Member (Herbosch & Lemonne 2000) (Fig. 3).  
The Mousty Formation consists of dark shales and silt­
stones, the thickness of which varies considerably accord- 
ing to the authors: from c. 500 m (Delcambre & Pingot  
2002) to c. 1500 m (Herbosch & Verniers 2013) (see 
also Herbosch 2023). The Tangissart Member (formerly  
named ‘X’ formation by André et al. 1991) includes dark  
grey to black, bedded shales and grey shales with silty 
laminae to the top (André et al. 1991, Delcambre & Pin­
got 2002, Verniers et al. 2002, Herbosch & Verniers 2013) 
with a  maximum thickness estimated at 100 m (Her- 

bosch et al. 2002). It is currently the oldest unit of the lower 
Palaeozoic in the Brabant Massif to yield macrofossils. 
The presence of the planktic graptolite genus Rhabdino
pora (Lecompte 1948, 1949; Van Tassel 1986; Wang & 
Servais 2015) within the Tangissart Member indicates 
a Tremadocian age (Fig. 3) whereas the rest of the Mousty 
Formation was attributed to the middle to upper Cambrian, 
based on acritarchs (e.g. Martin 1969, 1976; Vanguestaine 
1992), but this age attribution should be revised (Laibl  
et al. 2023). André et al. (1991) interpreted the Tangis­
sart Member as pelagic or hemipelagic deposits while 
the silty sequences correspond to fine-grained turbidites 
according to Herbosch & Verniers (2013) and Herbosch  
(2023).

The material from the Brabant Massif investigated in 
this paper is exclusively from the locality Chastre 106, 
situated in the trenches of road N275 (both sides), linking 
Court-Saint-Etienne and Villers-la-Ville (Van Tassel 1986, 
figs 1, 8; Herbosch et al. 2002, fig. 15; Laibl et al. 2023, 
fig. 2), north of the La Roche-en-Brabant station. The 
material was collected from the Tangissart Member in 
1952 by Van Tassel. The outcrop is now concealed by 
a  retaining stone wall on one side and overgrown on 

Figure 2. Location of the Anglo-Brabant Massif (modified and simplified from Pharaoh 2018) with indication of the surface outcrops of Tremadocian 
rocks in central England and Wales (Bulman & Rushton 1973, Cope & Rushton 1992). Outcrop areas of Cambrian–Silurian rocks in the Belgian 
part of the Anglo-Brabant Massif are indicated (de Béthune 1954, Verniers et al. 2002) as well as the other Belgian inliers. Abbreviations: CMEM – 
Conjectured Microcraton Eastern Margin (see Pharaoh 2018); Co – Condroz Inlier; Gi – Givonne Inlier; Li – Lierneux; LRB – La Roche-en-Brabant; 
Lu – Luxembourg; Ro – Rocroi Inlier; Se – Serpont Inlier; SG – Solwaster (Gospinal); SV – Stavelot–Venn Inlier; WBFS – Welsh Borderland Fault 
System (see Pharaoh 2018).
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the other where only a  few exposures are still visible 
(April 2023). Brachiopods were collected at 46 and 51 m 
from the ESE extremity of the west road embankment, 
associated with graptolites (Wang & Servais 2015) and 
nileid trilobites (Laibl et al. 2023).

Material and methods

The bulk of the studied material is stored in the Royal 
Belgian Institute of Natural Sciences (Brussels; prefixed 
RBINS) and is complemented by specimens from the 
palaeontological collections of the University of Liège 
(Liège; prefixed PA.ULg). All the brachiopods available 
from the Tangissart Member are preserved as tectonically 
distorted internal and/or external moulds. Those selected 
for scanning electron microscopy were imaged with 
an ESEM FEI Quanta 200, under low vacuum; these 
specimens were uncoated. The remainder of the material 

was photographed using an Olympus OM-D E-M10 Mark 
IV digital camera equipped with the Olympus M.Zuiko 
Digital ED 60 mm macrolens and coated with ammonium 
chloride.

Brachiopod classification follows the revised edition 
of the Treatise on Invertebrate Paleontology (Holmer & 
Popov 2000, 2007).

Systematic palaeontology

Subphylum Linguliformea Williams et al., 1996 
Class Lingulata Gorjansky & Popov, 1985 
Order Lingulida Waagen, 1885 
Superfamily Linguloidea Menke, 1828 
Family Obolidae King, 1846

Obolidae gen. et sp. indet. 1
Figure 4A–F

Figure 3. Upper Cambrian–lower Silurian chronostratigraphy and lithostratigraphy of the Brabant Massif and Stavelot–Venn Inlier (modified from 
Herbosch et al. 2020) with the distribution of the linguliformean and craniiformean brachiopods within the Ordovician of the Brabant Massif (modified 
from Candela et al. 2021, Candela & Mottequin 2023); for those from the Stavelot–Venn Inlier, see Candela & Mottequin (2022). The double arrows 
indicate boundaries between formations of uncertain age. Abbreviations: CMG – Cimetière de Grand-Manil; p – pars; S – Silurian.
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Material. – Eighteen dorsal valves.

Remarks. – The material available is poorly preserved 
and consists of small, elongated oval dorsal valves, about 
130–145% as long as wide. The dorsal valve interiors are  
characterised by a  fine median septum developed an­
teriorly for more than half of valve length. The exteriors 
show a concentric ornamentation of 20–25 lines per mm.  
The Tremadocian Belgian specimens bear some similar­
ities with the middle to upper Cambrian taxa Lindinella 
Mergl & Šlehoferová, 1990 and Westonia Walcott, 1901 
in their ornamentation and the presence of a dorsal median 
septum extending anterior to mid valve length. However, 
these taxa are characterised by large shells (dorsal valve 
maximum width 13 mm and 12 mm for Lindinella and 
Westonia, respectively), whereas the specimens studied 
here are rarely wider than 5 mm. The ornamentation in 
Westonia is also characterised by irregular, transverse lines 
intersecting with the concentric lines, forming a zigzag 
pattern in the posterior half of the valves. In Lindinella, 
the ornamentation consists of similar concentric lines, but 
it is coarser in Lindinella, numbering 10 per mm. These 
specimens are thus left under open nomenclature until 
better preserved material is collected.

Obolidae gen. et sp. indet. 2
Figure 4G–I

Material. – Six dorsal valves.

Remarks. – The material is not well preserved and consists 
of dorsal valves only; valves elongated elliptical, about 
130–150% s long as wide; maximum convexity posterior 
to mid valve; posterior margin of valve subcircular; 
interior of valve characterized by a  thin, long median 
septum, extending for almost two-thirds of the valve 
length; anterior projections of the visceral field extending 
to valve mid length; anterior central muscle scars, ex­
tending for 60% of valve length, flanking the anterior end 
of the median septum. Ornamentation consisting of fine 
concentric lines, numbering 30–35 per mm.

Comparison with relevant taxa is difficult due to the 
paucity and the poor preservation of the material. The main 
characters observable in the present Belgian specimens 
are the muscle scars and the projection of the visceral 
field. These are comparable with the same features in 
Hyperobolus Havlíček, 1982 and Expellobolus Havlíček, 
1982 from the Middle Ordovician and the Tremadocian, 
respectively, of Bohemia. However, the projection is not 
as well developed in the Bohemian genera, and the dorsal 
valve in Hyperobolus is more isometric than in the Belgian 
specimens. The dorsal valve shape in Expellobolus is 
more similar to that of the Belgian specimens with a rough 
spatulate outline and lateral margins subparallel although 

curved. The interiors do not have as strong projections in 
the Bohemian species. 

Family Elkaniidae Walcott & Schuchert in Walcott, 1908

Genus Broeggeria Walcott, 1902 

Type species. – Obolella salteri Holl, 1865, by original 
designation; from the White-Leaved Oak Shale Formation 
(upper Cambrian) of the Malvern Hills, England.

Broeggeria sp.
Figure 4J–O

Material. – Twenty-one valves, including four ventral 
valves, five dorsal valves and twelve undetermined  
valves.

Remarks. – Small shells, width ranging from 2.5 to 
7.2 mm on thirteen valves. The majority of the valves 
are preserved as external moulds, and due to their poor 
preservation, it is very dif﻿ficult to identify most of them 
as either a ventral or a dorsal valve. One valve is clearly 
a  ventral valve interior (poorly defined visceral area 
restricted to posterior, not extending to mid valve length; 
posterior branch of vascula lateralia present). A poorly 
preserved dorsal valve interior has the visceral area 
weakly defined. The external ornament is characterized by 
fine rugellae numbering 18–24 per mm.

The poor preservation of the material does not allow 
comparisons with other species. The material is therefore 
left under open nomenclature.

Discussion

Brachiopods from the Tangissart Member

The lower Tremadocian Tangissart Member of the Mousty 
Formation has yielded the oldest brachiopod assemblage 
of the Brabant Massif; it is older than the assemblage 
from the overlying Tremadocian Chevlipont Formation 
(Fig. 3) described by Candela et al. (2021), in which three 
taxa have been reported: Rosobolus? sp., Thysanotos sp. 
and Broeggeria cf. salteri. The Tangissart Member has 
yielded Broeggeria sp. and two Obolidae taxa reported 
under open nomenclature. The genus Broeggeria is also 
known from Belgian and German Tremadocian localities 
of the Stavelot–Venn Inlier (Schmidt 1954, 1956; Schmidt 
& Geukens 1959; Candela et al. 2021; Candela & 
Mottequin 2022) and is one of the dominant taxa among 
the poorly diverse Tremadocian assemblages recovered so 
far in both massifs. From the taphonomic viewpoint, the 
brachiopods of the Tangissart Member are all preserved as 
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disarticulated valves occurring on bedding planes. Some 
are associated with fragments of Rhabdinopora whereas 
the nileid trilobite Platypeltoides cf. croftii (Callaway, 
1877) also occurs within the same levels. The latter is 
represented by moulted exoskeletons that likely represent 
an autochthonous assemblage as transport would have 
disarticulated these fragile remains (Laibl et al. 2023). 
According to Laibl et al. (2023), the occurrence of 
this trilobite suggests that the Tangissart Member was 
deposited in a deep-water offshore environmental setting, 
which also conforms to the graptolite information (Wang 
& Servais 2015). 

Tremadocian brachiopods 
from the Anglo-Brabant Massif

Curtis (1968) listed a diverse fauna from the most southerly 
occurrence of Tremadocian rocks in Britain. Brachiopods 
from the Breadstone Shales and the Micklewood Beds 
in the Tortworth Inlier include Lingulella, Eurytreta, 
Broeggeria, and Eopaterula. The latter was originally 
described as Schmidtites cf. crassus by Curtis (1968) but 
Sutton et al. (2000) reassigned this species to their new 
genus Eopaterula.

In the south-central Midlands and East Anglian regions 
of England, Tremadocian rocks are only known from 
boreholes (Bulman & Rushton 1973, Molyneux 1991). 
According to Bulman & Rushton (1973), ‘inarticulate’ 
brachiopods are the commonest shelly fossils in the 
Midlands boreholes, which yielded a poorly diverse fauna 
mainly including representatives of the genera Lingulella 
and Eurytreta whereas Broeggeria specimens are very 
rare. The species collected there are the same as those 
listed by Curtis (1968).

Tremadocian strata in the Welsh Massif (Llangynog 
area, South Wales) yielded eight brachiopod species 
(Rushton & Bassett in Owens et al. 1982, Cope & Rushton 
1992). Owens et al. (1982) also recorded these three genera 
listed by Bulman & Rushton (1973), but they also added 
Elliptoglossa, Divobolus and Torynelasma from Cwm 
Crumlyn (C. tenellus Zone shales), and Clyn-côch (Lower 
Tremadoc shales). The Belgian fauna is less diverse than 
the fauna recovered in England and South Wales.

Comments on the palaeoecology 
of the brachiopods from the Solwaster 
Member (Stavelot–Venn Inlier)

Tremadocian linguliformeans from the Solwaster 
Member (Jalhay Formation) were previously described 
and illustrated by Candela et al. (2021) and Candela & 
Mottequin (2022). These dark coloured shales also 
yield planktic graptolites (e.g. Rhabdinopora) that form 
characteristic horizons (Bulmann 1970, Erdtmann 1986, 
Wang & Servais 2015, Candela et al. 2021). Brachiopods 
are scarce and generally found as dissociated valves 
lying on bedding planes. Nevertheless, one slab from 
the Solwaster (Gospinal) locality (Candela & Mottequin 
2022) (Figs 1, 2) clearly displays three valves of pos­
sibly Broeggeria, aligned and closely spaced (Fig. 5).  
It is impossible to deduce whether the specimens are 
articulated or not. Two are similarly sized and have the tip  
of their umbones almost perfectly aligned horizontally 
whereas the third, which is smaller, is situated slightly 
set back, but has the same orientation. A fourth valve 
(external mould) is also present, with its umbo facing 
upwards. This arrangement is puzzling, and it is possible 
these minute shells were attached to a substrate that is not 
preserved. The presence of linguliformean brachiopods in 
graptolitic shales was generally interpreted as reflecting an 
epiplanktic mode of life (e.g. Ruedemann 1934, Havlíček 
1967, Bergström 1968), but this idea was challenged by 
Sheehan (1977) who suggested that biological objects 
such as seaweed were run aground on the sea floor of- 
fering a firmer substrate than argillaceous deposits and 
thus more convenient for the attachment of epibenthic 
organisms.

Linguliformean brachiopods from the Floian 
Les Plattes Member (Stavelot–Venn Inlier) 

In the Lierneux area (Fig. 1), Malaise (1878a, b) reported 
poorly preserved ‘Lingula’ from the ‘phyllades salmiens 
manganésifères’ (Ottré Formation, formerly Sm2: ‘Sal­
mien 2’, Les Plattes Member) that were submitted to the 
distinguished brachiopod worker Thomas Davidson for 
identification. The latter noted that the Cambrian species 

Figure 4. Linguliformean brachiopods from La Roche-en-Brabant (locality Chastre 106, Brabant Massif), Mousty Formation (Tangissart Membert), 
Tremadocian. • A–F – Obolidae gen. et sp. indet. A – external mould of dorsal valve, RBINS a14179, tilt angle 40°. B, D – silicone cast of external 
mould of dorsal valve, RBINS a14180, in normal view and at a 35° tilt angle. C – counterpart of internal mould of dorsal valve, RBINS a14180, in 
normal view. E, F – detail of ornamentation on silicone cast of dorsal valve, RBINS a14182. • G–I – Obolidae gen. et sp. indet. 2. Internal mould 
of dorsal valve in normal view (G), counterpart of internal mould in normal view (H) and at a 30° tilt angle (I), RBINS a14183. • J–O – Broeggeria 
sp. J – internal mould of ventral valve, RBINS a14184. K – internal mould of dorsal valve, RBINS a14181. L – external mould of ventral valve,  
RBINS a14185. M – external mould of dorsal valve, RBINS a14186. N–O – detail of ornament and silicone cast of external mould of dorsal  
valve, RBINS a14187. All figures are SEM micrographs. Scale bars = 250 μm (E, F, N); 1 mm (A–D, G–O).
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Lingulella primaeva Hicks in Harkness & Hicks, 1871 
from South Wales displays somewhat the same outline 
as the Belgian material. Candela & Mottequin (2022) 
highlighted the fact that the material was not traced in the 
RBINS collections.

A careful examination of the Belgian literature reveals 
that Malaise (1911a) noted that the valves collected by 
him in 1874 and regarded as belonging to Lingula, should 
be identified as Lingulocaris lingulaecomes Salter, 1866, 
a  phyllocarid from the upper Tremadocian of Garth 

(Wales). A decade earlier, Malaise (1899, 1901) had already 
written that the numerous fossil traces known from the 
Les Plattes Member were produced by L. lingulaecomes, 
notably those which were previously assigned by him to 
Lingula (fide Davidson). According to Malaise (1911a), 
these traces were regarded as crinoids by Dumont  
(1847, p. 37) and as possible plant remains by Dewalque 
(1868, p. 24); they could also correspond to the annelids 
mentioned by Malaise (1877) according to Mourlon 
(1880, p. 34). Lingulocaris lingulaecomes is the only fossil 
reported by Malaise (1911b) from the former ‘Assise de 
Salm-Château’ corresponding to the Salmian (‘Salmien’), 
a  disused regional Ordovician stage (Dejonghe et al. 
2006). Moreover, the short discussion in Maillieux (1926) 
indicates that these traces were previously doubtfully 
assigned to Caulerpites cactoides Göppert, 1860 by 
Crépin (1873), and Seward (1898) noted that the material 
determined as such in the ‘Brussels Museum’, which 
is known as the Coemans’ collection, probably reflects 
the activity of a burrowing animal. Re-examination of 
this material unambiguously refutes the interpretation 
proposed by Malaise (1899, 1901) and does not support 
Seward’s (1898) statement as the samples display traces 
left by the dissolution of nodules, probably having 
coalesced, rather than to biotic traces (see Mottequin et al. 
in press). Nevertheless, as the fossils collected by Malaise 
in 1874 remain untraced and unillustrated, their true 
nature remains uncertain: whether brachiopods (Davidson 

Figure 6. Palaeogeographic map for the Tremadocian (redrawn and adapted from Harper et al. 2013), showing the geographical occurrences of 
the genus Broeggeria through three time slices: Furongian (late Cambrian), Tremadocian (Early Ordovician), together with Floian and younger 
occurrences (Middle Ordovician).

Figure 5. Broeggeria sp. External mould of three aligned shells – note 
a fourth external undetermined valve on the top left of the smaller left 
shell – (PA.ULg.2025.06.19-1) from Solwaster (Gospinal), Stavelot–
Venn Inlier, Jalhay Formation (Solwaster Member), Tremadocian. Scale 
bar = 2 mm.
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in Malaise 1878a, b) or phyllocarids (Malaise 1899, 1901, 
1911a). 

In conclusion, the only brachiopods recovered so far 
from the Floian Les Plattes Member of the Ottré Formation 
are the few specimens of Celdobolus sp. reported from the 
basalmost part of this member by Candela & Mottequin 
(2022). These represent the youngest Ordovician brachio­
pods known from the Stavelot–Venn Inlier.

Palaeobiogeographic significance

The Tremadocian is a pivotal interval in the history of 
early animals (Candela et al. 2024) as it links the Cambrian 
and the Paleozoic evolutionary faunas (Saleh et al. 2022). 
The discovery of sites with exceptional preservation has 
opened a new window on our understanding of evolution, 
as taxa usually regarded as Cambrian (e.g. marellids 
andradiodonts) are also described from the Tremado­
cian and Floian (e.g. Fezouata Biota, Saleh et al. 2024a, 
and Cabrières Biota, Saleh et al. 2024b, both regarded as 
Burgess-type assemblages). Nevertheless, Early Ordo­
vician macrofaunas are rare in the Brabant Massif (Wang 
& Servais 2015, Candela et al. 2021, Laibl et al. 2023). 
The Massif’s thick lithostratigraphic succession consists 
of sediments deposited in relation to the Pan-African 
orogen, in an embayment of a large rift developed on the 
western margin of Gondwana (Linnemann et al. 2012). 
The present brachiopod assemblage recognized within 
the Tangissart Member of the Mousty Formation shows 
a low diversity and moderate abundance, similar to the 
assemblage described from the overlying Chevlipont 
Formation (Candela et al. 2021). Both assemblages are 
characterized by the presence of the elkaniid Broeg- 
geria, with other lingulid taxa. Assemblages of linguli­
formean brachiopods with such low diversity are typical  
of assemblages in peri-Gondwanan terranes and may 
have their origin in the Cambrian (Popov et al. 2013). 
Broeggeria originated during the late Cambrian and by 
the Tremadocian, it was well established and palaeo­
geographically widely distributed, from the palaeoequator 
to high latitudes (Fig. 6). In the late Cambrian, Broeggeria 
is found in the Kazakh Terranes (Holmer et al. 2001) and 
in New Zealand (Percival et al. 2014) within the Low-
latitude province of Harper et al. (2013), and along the 
margins of the peri-Gondwana terrane of Avalonia (Nova 
Scotia, Walcott 1902; Anglo-Welsh Basin, Owens et al. 
1982) in the High-latitude province (Harper et al. 2013). 
By the Tremadocian, this taxon expanded its geographical 
spread to Belgium (in the eastern part of Avalonia), to 
other parts of Gondwana (NW Argentina: Harrington 
1937, Benedetto et al. 2018) to the west, and to the east, 
possibly to Iran (Popov et al. 2009) and Bohemia (Mergl 
2002, Kraft et al. 2013), the latter located closer to the 

South Pole. This taxon also invaded Baltica, including 
Scandinavia and Poland (Tjernvik 1956, Bednarczyk 
1979, Popov & Holmer 1994, Hansen & Holmer 2011), 
during the Tremadocian.

Besides its aforementioned similarities with the bra­
chiopod assemblage from the Chevlipont Formation 
(Candela et al. 2021), the fauna from the Tangissart 
Member is similar to those reported by Rønning et al.  
(2020) from the uppermost part of the Alum Shale 
Formation (Rafnes-Herøya, Skien-Langesund District, 
Norway), both from the taxonomic point of view and 
in displaying similar low-diversity. The Tangissart as­
semblage is also similar in composition (including Broeg
geria and other lingulide brachiopods) to the coeval 
assemblage from the Solwaster Member of the Jalhay 
Formation in the Stavelot–Venn Inlier in eastern Belgium 
and western Germany (e.g. Schmidt 1956, Candela & 
Mottequin 2022), but the latter is more diverse with nine 
species described.

Conclusions

The oldest linguliformean brachiopods recognized in 
the southwestern part of the Anglo-Brabant Massif have 
been described for the first time more than seventy years 
after their discovery in the early 1950s (discussed in Van 
Tassel 1986) from the Tremadocian Tangissart Member of 
the Mousty Formation. Three taxa, including Broeggeria 
and two left in open nomenclature (due to their poor 
preservation) have been identified. The assemblage, also 
comprising the graptolite Rhabdinopleura and a nileid 
trilobite (Platypeltoides) is similar to that from the 
uppermost part of the Alum Shales in Norway, indicating 
a dynamic and changing palaeogeographical configuration 
of palaeocontinents.

Acknowledgements

We are grateful to Nathan Vallée Gillette (RBINS) for his 
technical support and to Laetitia Despontin (RBINS) for the 
SEM photographic work. We thank Annelise Folie and Julien 
Lalanne (RBINS) for curatorial support, and Valentin Fischer 
(ULiège) for access to the collections under his care. The authors 
are grateful to both reviewers, Ian Percival and Juan Luis 
Benedetto, for comments and suggestions that greatly improved 
the manuscript. This research (Project Acronym BETAF-C3-
CANDELA), received support from the SYNTHESYS+ 
Project, which is financed by European Community Research 
Infrastructure Action under the H2020 Integrating Activities 
Programme, Project number 823827. This is a contribution to 
IGCP project 735 ‘Rocks and the Rise of Ordovician Life: Filling 
knowledge gaps in the Early Palaeozoic Biodiversification’. 



44

Bulletin of Geosciences • Vol. 101, 1, 2026 – Special Issue IGCP 735 – Prague Meeting

References

André, L., Herbosch, A., Louwye, S., Servais T., Van  
Grootel, G., Vanguestaine, M. & Verniers, J. 1991. 
Guidebook to the excursion on the stratigraphy and magmatic 
rocks of the Brabant Massif, Belgium. Annales de la Société 
géologique de Belgique 114, 283–418.

Anonymous 1835. Réunion extraordinaire à Mézières, (départe­
ment des Ardennes), du 1 au 10 septembre 1835. Bulletin de 
la Société géologique de France (1re série) 6, 323–358.

Bednarczyk, W. 1979. Upper Cambrian to Lower Ordovician 
conodonts of Łeba Elevation, NW Poland, and their stratig­
raphic significance. Acta Geologica Polonica 29(4), 409–442.

Belanger, I., Delaby, S., Delcambre, B., Ghysel, P., Henne- 
bert, M., Laloux, M., Marion, J.-M., Mottequin, B. & 
Pingot, J.-L. 2012. Redéfinition des unités structurales du front  
varisque utilisées dans le cadre de la nouvelle Carte géologi­
que de Wallonie (Belgique). Geologica Belgica 15, 169–175.

Benedetto, J.L., Lavié, F.J. & Muñoz, D.F. 2018. Broeggeria 
Walcott and other upper Cambrian and Tremadocian linguloid 
brachiopods from NW Argentina. Geological Journal 53(1), 
102–119. DOI 10.1002/gj.2880

Bergström, J. 1968. Some Ordovician and Silurian brachiopod 
assemblages. Lethaia 1, 230–237. 

	 DOI 10.1111/j.1502-3931.1968.tb01739.x
Béthune P. de 1954. Carte géologique de Belgique. 1/500 000.  

Atlas de Belgique, planche 8. In Fourmarier, P.  (ed.) 
Prodrome d’une description géologique de la Belgique: 
Annexe 1. Société géologique de Belgique, Liège.

Bulman, O.M.B. 1970. A  new Dictyonema fauna from the 
Salmien of the Stavelot Massif. Bulletin de la Société belge 
de Géologie, de Paléontologie et d’Hydrologie 79, 213–224.

Bulman, O.M.B. & Rushton, A.W.A. 1973. Tremadoc faunas 
from boreholes in Central England. Bulletin of the Geological 
Survey of Great Britain 43, 1–40.

Callaway, C. 1877. On a new area of Upper Cambrian rocks in 
south Shropshire, with description of a new fauna. Quarterly 
Journal of the Geological Society 33, 652–672. 

	 DOI 10.1144/GSL.JGS.1877.033.01-04.37
Candela, Y. & Mottequin, B. 2022. Tremadocian and Floian 

(Ordovician) linguliformean brachiopods from the Stavelot–
Venn Massif (Avalonia; Belgium and Germany). Geologica 
Belgica 25(1–2), 1–15. DOI 10.20341/gb.2021.007

Candela, Y. & Mottequin, B. 2023. Middle and Upper Ordo­
vician linguliformean and craniiformean brachiopods from 
the Brabant Massif, Belgium: Infaunal giants, encrusting 
forms and durophagy. Geobios 81, 101–119. 

	 DOI 10.1016/j.geobios.2023.04.002
Candela, Y., Marion, J.-M., Servais, T., Wang, W.,  

Wolvers, M. & Mottequin, B. 2021. New linguliformean 
brachiopods from the lower Tremadocian (Ordovician) 
of the Brabant Massif, Belgium, with comments on 
contemporaneous faunas from the Stavelot–Venn Massif. 
Rivista Italiana di Paleontologia e Stratigrafia 127, 383–395. 
DOI 10.54103/2039-4942/15793

Candela, Y., Harper, D.A.T. & Mergl, M. 2024. The brachio­
pod faunas from the Fezouata Shale (lower Ordovician; 

Tremadocian–Floian) of the Zagora area, Anti-Atlas, Mo­
rocco: evidence for a biodiversity hub in Gondwana. Papers 
in Palaeontology 10(5), e1592. 

	 DOI 10.1002/spp2.1592
Candela, Y., Harper, D.A.T. & Mottequin, B. 2025. 

Ordovician (Darriwilian–Katian) brachiopods from the 
southeastern margin of Avalonia (Condroz Inlier, Belgium). 
Rivista Italiana di Paleontologia e Stratigrafia 131(1), 213–
239. DOI 10.54103/2039-4942/26428

Cope, J.C.W. & Rushton, A.W.A. 1992. Cambrian and early 
Tremadoc rocks of the Llangynog Inlier, Dyfed, South Wales. 
Geological Magazine 129(5), 543–552. 

	 DOI 10.1017/S0016756800021701
Crépin, F. 1873. Paléontologie végétale, 471–480. In van 

Bemmel, E. (ed.) Patria Belgica. Encyclopédie nationale 
ou exposé méthodique de toutes les connaissances relatives 
à la Belgique ancienne et moderne, physique, sociale et 
intellectuelle. Première partie: Belgique physique. Bruylant-
Christophe & Cie, Bruxelles.

Curtis, M.L.K. 1968. The Tremadoc Rocks of the Tortworth 
Inlier, Gloucestershire. Proceedings of the Geologists’ Asso
ciation 79(3), 349–362. 

	 DOI 10.1016/S0016-7878(68)80029-X
Dejonghe, L., Herbosch, A., Steemans, P. & Verniers, J. 

2006. Disused Palaeozoic regional stages from Belgium: 
Devillian, Revinian, Salmian, Gedinnian and Burnotian. 
Geologica Belgica 9(1–2), 191–197. 

Delcambre, B. & Pingot, J.-L. 2002. Carte géologique de 
Wallonie: Chastre – Gembloux 40/5-6. 1/25 000. 72 pp. 
Ministère de la Région wallonne, Direction générale des 
Ressources naturelles et de l’Environnement, Namur.

Dewalque, G. 1868. Prodrome d’une description géologique 
de la Belgique. 442 pp. Libraire polytechnique De Decq, 
Bruxelles and Liège.

Dumont, A. 1847. Mémoire sur les terrains ardennais et rhénan 
de l’Ardenne, du Rhin, du Brabant et du Condros. Mémoires 
de l’Académie des Sciences, des Lettres et des Beaux-Arts de 
Belgique 20, 1–163. DOI 10.3406/marb.1847.3458

Erdtmann, B.-D. 1986. Comments on some earliest Ordovician 
(Salmian) Graptolites from Solwaster, Massif de Stavelot, 
Belgian Ardennes. Aardkundige Mededelingen 3, 75–88.

Geukens, F. 1999. Notes accompagnant une révision de la carte 
structurale du Massif de Stavelot. Aardkundige Mededelingen 
9, 183–190.

Göppert, H.R. 1860. Über die fossiele Flora der Silurischen, 
der Devonischen und Unteren Kohlenformation oder 
des sogenannten Übergangsgebirges. Verhandlungen der  
Kaiserlichen Leopoldinisch-Carolinischen Deutschen 
Akademie der Naturforscher 27, 425–606.

Gorjansky, V.Iu. & Popov, L.E. 1985. Morfologiia, systemati­
cheskoe polozhenie I  proiskhozhdenie bezzamkovykh 
brakhiopods karbonatnoi rakovinoi [Morphology, systematic 
position and origin of the inarticulate brachiopods with 
calcareous shells]. Paleontologicheskii Zhurnal 3, 3–14. [in 
Russian]

Graulich, J.-M. 1963. Découverte du niveau à Dictyonema 
flabelliforme parabola dans le Salmien du massif de Stavelot 



45

Yves Candela et al. • Lower Ordovician linguliformean brachiopods, Belgium

(Belgique). Comptes rendus hebdomadaires des séances de 
l’Académie des Sciences 256, 3327–3328.

Hansen, J. & Holmer, L.E. 2011. Taxonomy and biostratigraphy 
of Ordovician brachiopods from northeastern Ny Friesland, 
Spitsbergen. Zootaxa 3076, 1–122. 

	 DOI 10.11646/zootaxa.3076.1.1
Harkness, R. & Hicks, H. 1871. On the ancient rocks of the St. 

David’s promontory, South Wales, and their fossil contents. 
Quarterly Journal of the Geological Society of London 27, 
384–404. DOI 10.1144/GSL.JGS.1871.027.01-02.46

Harper, D.A.T., Rasmussen, C.M Ø., Liljeroth, M., Blodgett, 
R.B., Candela, Y., Jin, J., Percival, I.G., Rong, J., Vil­
las, E. & Zhan, R. 2013. Biodiversity, biogeography and 
phylogeography of Ordovician rhynchonelliform brachio­
pods, 127–144. In Harper, D.A.T. & Servais, T. (eds) Early 
Palaeozoic biogeography and palaeogeography. Geological 
Society London, Memoir 38. DOI 10.1144/M38.11

Harrington, H.J. 1937. On some Ordovician fossils from 
Northern Argentina. Geological Magazine 74(3), 97–124. 
DOI 10.1017/S0016756800088592

Havlíček, V. 1967. Brachiopoda of the suborder Strophomeni­
dina in Czechoslovakia. Rozpravy Ústředního ústavu geolo­
gického 33, 1–235.

Havlíček, V. 1982. Lingulacea, Paterinacea, and Siphonotretacea 
(Brachiopoda) in the Lower Ordovician sequence of 
Bohemia. Sborník geologických věd, Paleontologie 25, 9–82.

Herbosch, A. 2021. Stratigraphic correlations between the 
Brabant Massif and the Stavelot, Rocroi and Givonne inliers 
(Belgium) and geological implications. Geologica Belgica 
24, 137–157. DOI 10.20341/gb.2021.004

Herbosch, A. 2023. The Mousty Formation (Brabant Massif, 
Belgium): state of the art. Geologica Belgica 26, 157–213. 
DOI 10.20341/gb.2023.005

Herbosch, A. & Debacker, T.N. 2018. A  new geological 
map of the outcrop areas of the Brabant Massif (Belgium). 
Geologica Belgica 21, 41–58. DOI 10.20341/gb.2018.003

Herbosch, A. & Lemonne, E. 2000. Carte géologique de Wallo
nie: Nivelles – Genappe 39/7–8. 1/25 000. 59 pp. Ministère 
de la Région wallonne, Direction générale des Ressources 
naturelles et de l’Environnement, Namur.

Herbosch, A. & Verniers, J. 2013. Stratigraphy of the Lower 
Palaeozoic of the Brabant Massif, Belgium. Part 1: the 
Cambro-Ordovician from the Halle and Ottignies groups. 
Geologica Belgica 16, 49–65.

Herbosch, A., Verniers, J., Debacker, T.N., Billiaert, B., De 
Schepper, S. & Belmans, M. 2002. The Lower Palaeozoic 
stratigraphy and sedimentology of the Brabant Massif in the 
Dyle and Orneau valleys and of the Condroz Inlier at Fosses: 
An excursion guidebook. Geologica Belgica 5, 71–143.

Herbosch, A., Liégeois, J.-P., Gärtner, A., Hofmann, M. & 
Linnemann, U. 2020. The Stavelot–Venn Massif (Ardenne, 
Belgium), a rift shoulder basin ripped off the West African 
craton: Cartography, stratigraphy, sedimentology, new U–
Pb on zircon ages, geochemistry and Nd isotopes evidence. 
Earth-Science Reviews 203, 103142. 

	 DOI 10.1016/j.earscirev.2020.103142
Holl, H.B. 1865. On the geological structure of the Malvern 

Hills and adjacent areas. Quarterly Journal Geological 
Society of London 21, 72–102. 

	 DOI 10.1144/GSL.JGS.1865.021.01-02.15
Holmer, L.E., Popov, L.E. 2000. Lingulata, 30–146. In 

Kaesler, R.L. (ed.) Treatise on Invertebrate Paleontology, 
part H, Brachiopoda, Revised, Volume 2. The Geological 
Society of America and The University of Kansas. Boulder, 
Colorado & Lawrence, Kansas.

Holmer, L.E., Popov, L.E. 2007. Linguliformea, 2532–2559. 
In Selden, P.A. (ed.) Treatise on Invertebrate Paleontology, 
part H, Brachiopoda, Revised, Volume 6. The Geological 
Society of America and The University of Kansas. Boulder, 
Colorado & Lawrence, Kansas.

Holmer, L.E., Popov, L.E., Koneva, S.P. & Bassett, M.G. 
2001. Cambrian – early Ordovician brachiopods from Malyi 
Karatau, the western Balkhash region, and Tien Shan, Central 
Asia. Special Papers in Palaeontology 65, 1–180.

Kraft, J., Mergl, M., Hroch, T. & Kraft, P. 2013. Index of 
Fossiliferous Localities of the Trenice Formation (Lower 
Ordovician of the Prague Basin, Czech Republic). Folia 
Musei rerum naturalium Bohemiae occidentalis. Geologica 
et Paleobiologica 47(1), 33–64. 

	 DOI 10.2478/fbgp-2013-0008
King, W. 1846. Remarks on certain genera belonging to the class 

Palliobranchiata. Annals and Magazine of Natural History 
(series 1) 18, 26–42. DOI 10.1080/037454809494387

Laibl, L., Servais, T. & Mottequin, B. 2023. Tremadocian 
(Ordovician) trilobites from the Brabant Massif (Belgium): 
palaeogeographical and palaeoecological implications. 
Geobios 81, 7–16. DOI 10.1016/j.geobios.2023.04.003

Lecompte, M. 1948. Existence du Trémadocien dans le Massif 
du Brabant. Bulletin de l’Académie royale de Belgique, 
Classe des Sciences (5e série) 34, 677–687.

Lecompte, M. 1949. Découverte de nouveaux gîtes à Dictyo
nema dans le Trémadocien du Massif du Brabant. Bulletin  
de l’Institut royal des Sciences naturelles de Belgique 25(45), 
1–8.

Legrand, R. 1968. Le Massif du Brabant. Mémoires pour servir 
à l’Explication des Cartes géologiques et minières de la 
Belgique 6, 1–60.

Linnemann, U., Herbosch, A., Liégeois, J.-P., Pin, C., Gärt- 
ner, A. & Hofmann, M. 2012. The Cambrian to Devonian 
odyssey of the Brabant Massif within Avalonia: A review with 
new zircon ages, geochemistry, Sm-Nd isotopes, stratigraphy 
and palaeogeography. Earth-Science Reviews 112, 126–154. 

	 DOI 10.1016/j.earscirev.2012.02.007
Maillieux, E. 1926. Remarques sur l’Ordovicien de la Belgique. 

Bulletin de la Société belge de Géologie, de Paléontologie et 
d’Hydrologie 36, Procès-Verbaux, 67–85.

Malaise, C. 1877. Observations à propos des fossiles cambriens 
de l’Ardenne. Annales de la Société géologique de Belgique 
4, Bulletin, 100–102.

Malaise, C. 1878a. Découverte de Brachiopodes du genre 
Lingula dans le cambrien du massif de Stavelot. Bulletins de 
l’Académie royale des Sciences, des Lettres et des Beaux-Arts 
de Belgique (2e série) 46, 58. 

Malaise, C. 1878b. Sur des Lingula trouvées à Lierneux, dans le 



cambrien de l’Ardenne. Annales de la Société géologique de 
Belgique 5, Bulletin, 137–138.

Malaise, C. 1899. Ouverture d’un pli cacheté. Annales de la 
Société géologique 24 (pro 1897), Bulletin, 70–71. 

Malaise, C. 1901. Sur le Silurien de Belgique. Congrès géo­
logique international. Comptes rendus de la 8e session, en 
France, Premier fascicule, 561–571.

Malaise, C. 1911a. Empreinte néréitiforme du marbre noir de 
Denée, par Charles Fraipont. (Rapport). Annales de la Société 
géologique de Belgique 38, Mémoires, 37.

Malaise, C. 1911b. Sur l’évolution de l’Echelle stratigraphique 
du Siluro-cambrien de Belgique. Annales de la Société 
géologique de Belgique 38, B7–B28.

Martin, F. 1969. Les acritarches de l’Ordovicien et du Silurien 
belges. Détermination et valeur stratigraphique. Mémoires 
de l’Institut royal des Sciences naturelles de Belgique 160, 
1–175.

Martin, F. 1976. Acritarches du Cambro-Ordovicien du Massif 
du Brabant, Belgique. Bulletin de l’Institut royal des Sciences 
naturelles de Belgique 51(1), 1–33.

Menke, C.T. 1828. Synopsis methodica molluscorum generum 
omnium et specierum earum quae in Museo Menkeano 
adservantur. 91 pp. G. Uslar, Pyrmonti. 

	 DOI 10.5962/bhl.title.13182
Mergl, M. 2002. Linguliformean and craniiformean brachiopods 

of the Ordovician (Třenice to Dobrotivá formations) of the 
Barrandian, Bohemia. Acta Musei Nationalis Pragae (Series 
B, Historia Naturalis) 58, 1–82.

Mergl, M. & Šlehoferová, P. 1990. Middle Cambrian inarticu­
late brachiopods from central Bohemia. Sborník geologických 
věd, Paleontologie 31, 67–104.

Molyneux, S.G. 1991. The contribution of palaeontological 
data to an understanding of the early Palaeozoic framework 
of eastern England. Annales de la Société géologique de 
Belgique 114(1), 93–105.

Mottequin, B. 2019. An annotated catalogue of types of 
Silurian–Devonian brachiopod species from southern 
Belgium and northern France in the Royal Belgian Institute 
of Natural Sciences (1870–1945), with notes on those curated 
in other Belgian and foreign institutions. Geologica Belgica 
22, 47–89. DOI 10.20341/gb.2019.005

Mottequin, B. 2021. Earth science collections of the Centre 
Grégoire Fournier (Maredsous) with comments on Middle 
Devonian–Carboniferous brachiopods and trilobites from 
southern Belgium. Geologica Belgica 24, 33–68. 

	 DOI 10.20341/gb.2020.028
Mottequin, B. & Jansen, U. 2025. Revisiting the Silurian–

Lower Devonian spiriferide and spiriferinide brachiopods 
from the Condroz Inlier and Ardenne Allochthon (Belgium): 
current data and perspectives. Palaeobiodiversity and Palaeo- 
environments 105, 229–264. 

	 DOI 10.1007/s12549-025-00645-6
Mottequin, B. & Poty, E. 2022. Brachiopods from the historical 

type area of the Viséan Stage (Carboniferous, Mississippian; 
Belgium) and the Visé fauna: preliminary remarks. Palaeo
biodiversity and Palaeoenvironments 102, 351–371. 

	 DOI 10.1007/s12549-021-00498-9

Mottequin, B., Bartzsch, K., Simon, E. & Weyer, D. 2019. 
Brachiopod faunas from the basinal facies of southeastern 
Thuringia (Germany) before and after the Hangenberg 
Crisis (Devonian–Carboniferous boundary). Palaeontologia 
Electronica 22.1.16A, 1–53. DOI 10.26879/833

Mottequin, B., Amler, M. & Weyer, D. 2023. Brachiopods 
from the Early Carboniferous Erdbach limestones in Hesse 
(Germany, Kulm Basin). Paläeontologisch Zeitschrift 97, 
785–806. DOI 10.1007/s12542-022-00640-8

Mottequin, B., Candela, Y., Crônier, C., Laibl, L., Marion, 
J.-M. & Servais, T. in press. A critical evaluation of fossil 
reports from the lower Palaeozoic of the Stavelot-Venn Inlier 
(Belgium, western Germany). Earth and Environmental 
Science Transactions of the Royal Society of Edinburgh.

	 DOI 10.1017/S1755691025100935
Mourlon, M. 1880. Géologie de la Belgique. Vol. 1. 317 pp.  

F. Hayez, Bruxelles.
Owens, R.M., Fortey, R.A., Cope, J.C.W., Rushton, A.W.A. & 

Bassett, M.G. 1982. Tremadoc faunas from the Carmarthern 
district, South Wales. Geological Magazine 119(1), 1–112. 
DOI 10.1017/S0016756800025632

Percival, I.G., Zhen, Y.Y., Simes, J.E. & Cooper, R.A. 2014. 
Furongian (late Cambrian) brachiopods and associated co- 
nodonts from the Takaka Terrane in the Springs Junction –  
Maruia area, South Island, New Zealand. Memoirs of the 
Association of Australasian Palaeontologists 45, 55–70.

Pharaoh, T.C. 2018. The Anglo-Brabant Massif: Persistent 
but enigmatic palaeo-relief at the heart of western Europe. 
Proceedings of the Geologists’ Association 129, 278–328. 
DOI 10.1016/j.pgeola.2018.02.009

Pharaoh, T.C., Molyneux, S.G., Merriman, R.J., Lee, 
M.K. & Verniers, J. 1993. The Caledonides of the Anglo-
Brabant Massif reviewed, 561–562. In Pharaoh, T.C., 
Molyneux, S.G., Merriman, R.J., Lee M.K. & Verniers 
J. (eds) Proceedings of the International Conference on the 
Caledonides of the Anglo-Brabant Massif (Nottingham, 
September 1992). Special Issue on the Caledonides of the 
Anglo-Brabant Massif. Geological Magazine 130. 

	 DOI 10.1017/S0016756800020847
Pharaoh, T.C., England, R.A. & Lee, M.K. 1995. The con- 

cealed Caledonide basement of Eastern England and the 
southern North Sea – a  review, 330–346. In Gee, D.G. &  
Beckholmen, M. (eds) The Trans-European Suture Zone: 
EUROPROBE in Liblice 1993. Studia Geophysica et Geo
daetica 39. DOI 10.1007/BF02295826

Popov, L.E. & Holmer, L.E. 1994. Cambrian-Ordovician 
lingulate brachiopods from Scandinavia, Kazakhstan, and 
South Ural Mountains. Fossils and Strata 35, 1–156. 

	 DOI 10.18261/8200376516-1994-01
Popov, L.E., Ghobadi Pour, M., Bassett, M.G. & Kebria-ee, 

M. 2009. Billengsellide [sic] and orthide brachiopods: new 
insights into earliest Ordovician evolution and biogeography 
from northern Iran. Palaeontology 52(1), 35–52. 

	 DOC 10.1111/j.1475-4983.2008.00833.x
Popov, L.E., Holmer, L.E., Bassett, M.G., Ghobadi Pour, M.  

& Percival, I.G. 2013. Biogeography of Ordovician linguli- 
form and craniiform brachiopods, 117–126. In Harper, D.A.T.  

46

Bulletin of Geosciences • Vol. 101, 1, 2026 – Special Issue IGCP 735 – Prague Meeting

https://doi.org/10.1007/s12542-022-00640-8


& Servais, T. (eds) Early Palaeozoic biogeography and  
palaeogeography. Geological Society London, Memoir 38. 

	 DOI 10.1144/M38.10
Rønning, K.J., Bruton, D.L., Harper, D.A.T., Høyberget, M., 

Maletz, J. & Nakrem, H.A. 2020. A Cambrian-Ordovician 
boundary section in the Rafnes-Herøya submarine tunnel, 
Skien-Langesund District, southern Norway. Norwegian 
Journal of Geology 100, 202015. 

	 DOI 10.17850/njg100-3-3
Ruedemann, R. 1934. Paleozoic plankton of North America. 

Geological Society of America Memoir 2, 1–141. 
	 DOI 10.1130/MEM2-p1
Saleh, F., Vaucher, R., Vidal, M., El Hariri, K., Laibl, L., 

Daley, A.C., Gutiérrez-Marco, J.C., Candela, Y., Harper, 
D.A.T., Ortega-Hernández, J., Ma, X., Rida, A., Vizcaï- 
no, D. & Lefebvre, B. 2022. New fossil assemblages from 
the Early Ordovician Fezouata Biota. Scientific Reports 12, 
20773. DOI 10.1038/s41598-022-25000-z

Saleh, F., Antcliffe, J.B., Birolini, E., Candela, Y., Corthé- 
sy, N., Daley, A.C., Dupichaud, C., Gibert, C., Guenser, P.,  
Laibl, L., Lefebvre, B., Michel, S. & Potin, G.J.-M. 2024a. 
Highly resolved taphonomic variations within the Early 
Ordovician Fezouata Biota. Scientific Reports 14, 20807. 
DOI 10.1038/s41598-024-71622-w

Saleh, F., Lustri, L., Gueriau, P., Potin, G.J.-M., Pérez-Peris, F.,  
Laibl, L., Jamart, V., Vite, A., Antcliffe, J.B., Daley, A.C., 
Nohejlová, M., Dupichaud, C., Schöder, S., Bérard, E.,  
Lynch, S., Drage, H.B., Vaucher, R., Vidal, M., Monce- 
ret, E., Monceret, S. & Lefebvre, B. 2024b. The Cabrières 
Biota (France) provides insights into Ordovician polar 
ecosystems. Nature Ecology & Evolution 8, 651–662. 

	 DOI 10.1038/s41559-024-02331-w
Salter, J.W. 1866. Appendix: On the fossils of North Wales. 

Memoirs of the Geological Survey of Great Britain, and of 
the Museum of Practical Geology of London 3, 240–381.

Schmidt, W. 1954. Übersicht der Ergebnisse der Revisions-
Kartierung des Hohen Venns. Geologisches Jahrbuch 69, 
83–88.

Schmidt, W. 1956. Neue Ergebnise der Revisions-Kartierung 
des Hohen Venns. Beihefte zum Geologischen Jahrbuch 21, 
1–146.

Schmidt, W. & Geukens, F. 1959. Nouveaux gîtes à Brachio­
podes dans le Salmien inférieur du Massif de Stavelot. 
Bulletin de la Société belge de Géologie, de Paléontologie et 
d’Hydrologie 67, 159–161. 

Servais, T. & Sintubin, M. 2009. Avalonia, Armorica, Perunica: 
terranes, microcontinents, microplates or palaeobiogeo­
graphical provinces? 103–115. In Bassett, M.G. (ed.) Early 
Palaeozoic Peri-Gondwana Terranes: New Insights from 
Tectonics and Biogeography. Geological Society London, 
Special Publication 325. 

	 DOI 10.1144/SP325.5
Seward, A.C. 1898. Fossil plants for students of botany and 

geology. Volume 1. 452 pp. Cambridge University Press, 
Cambridge. DOI 10.5962/bhl.title.25158

Sheehan, P.M. 1977. Ordovician and Silurian brachiopods from 

graptolitic shales and related deep-water argillaceous rocks. 
Lethaia 10, 201–203. 

	 DOI 10.1111/j.1502-3931.1977.tb00610.x
Sheehan, P.M. 1987. Late Ordovician (Ashgillian) brachiopods 

from the region of the Sambre et Meuse Rivers, Belgium. 
Bulletin de l’Institut royal des Sciences naturelles de Belgique 
57, 5–81.

Sutton, M.D., Bassett, M.G., Cherns, L. 2000. Lingulate bra- 
chiopods from the Lower Ordovician of the Anglo-Welsh  
Basin. Part 2. Monograph of the Palaeontographical Society, 
London 154(613), 61–114. 

	 DOI 10.1080/25761900.2022.12131793
Tjernvik, T.E. 1956. On the Early Ordovician of Sweden stratig- 

raphy and fauna. Bulletin of the Geological Institutions of the 
University of Uppsala 36(6), 109–284.

Torsvik, T.H. & Cocks, L.R.M. 2017. Earth History and 
Palaeogeography. 317 pp. Cambridge University Press, 
Cambridge. DOI 10.1017/9781316225523

Van Tassel, R. 1986. Contribution à la lithologie du segment 
calédonien des vallées de la Dyle et de la Thyle, Brabant, 
Belgique. Aardkundige Mededelingen 3, 239–268.

Vanguestaine, M. 1992. Biostratigraphie par acritarches du 
Cambro-Ordovicien de Belgique et des régions limitrophes : 
synthèse et perspectives d’avenir. Annales de la Société 
géologique de Belgique 115, 1–18. 

Verniers, J., Herbosch, A., Vanguestaine, M., Geukens, F., 
Delcambre, B., Pingot, J.-L., Belanger, I., Hennebert, M., 
Debacker, T., Sintubin, M. & De Vos, W. 2002. Cambrian-
Ordovician-Silurian lithostratigraphic units (Belgium). Geo- 
logica Belgica 4 (pro 2001), 5–38. DOI 10.20341/gb.2014.042

Waagen, W. 1885. Salt Range fossils, vol. 1, part 4. Productus 
Limestone fossils, Brachiopoda. Memoirs of the Geological 
Survey of India, Palaeontologia Indica series 13, fasc. 5, 
729–770.

Walcott, C.D. 1901. Cambrian Brachiopoda: Obolella, sub­
genus Glyptias; Bicia; Obolus, subgenus Westonia; with 
descriptions of new species. United States National Museum, 
Proceedings 23, 669–695. 

	 DOI 10.5479/si.00963801.1229.669
Walcott, C.D. 1902. Cambrian Brachiopoda: Acrotreta; 

Linnarssonella; Obolus; with descriptions of new species. 
United States National Museum, Proceedings 25, 577–612. 
DOI 10.5479/si.00963801.1299.577

Walcott, C.D. 1908. Cambrian geology and paleontology, 
no. 3 – Cambrian Brachiopoda, descriptions of new genera 
and species: no. 4 – Classification and terminology of 
the Cambrian Brachiopoda. Smithsonian Miscellaneous 
Collections 53, 53–165. DOI 10.5962/bhl.title.46045

Wang, W. & Servais, T. 2015. A re-investigation of the Rhabdino
pora flabelliformis fauna from the early Tremadocian ‘Dic
tyonema’ Shale in Belgium. Geologica Belgica 18(1), 66–77.

Williams, A., Carlson, S.J., Brunton, C.H.C., Holmer, 
L.E. & Popov, L.E. 1996. A supra-ordinal classification of 
the Brachiopoda. Philosophical Transactions of the Royal 
Society of London (series B) 351, 1171–1193. 

	 DOI 10.1098/rstb.1996.0101

47

Yves Candela et al. • Lower Ordovician linguliformean brachiopods, Belgium


