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Abstract?Brachiopods of the orders Strophomenida, Orthotetida, and Athyridida from the late middle Frasnian-early Famennian interval 

(hassi to triangularis conodont zones) in the Namur-Dinant Basin (southeastern margin of Laurussia; southern Belgium) are described. Nine 

genera and subgenera represented by 12 species are recognized here. One new genus, Retrorstrophia, and one new species, Douvillina area, 
are erected. Crinisarina stainhrooki is proposed to solve the homonymy between C. reticulata (Gosselet, 1877) and Cleiothyridina reticulata 

Stainbrook, 1947, the type species of Crinisarina Cooper and Dutro, 1982. A lectotype is selected and illustrated for C. reticulata. A new name 

is also proposed for Athyris reticulata Chen and Xu, 2000, which is assigned here to Crinisarina: C. shashishanensis nom. nov. In southern 

Belgium, the last representatives of the families Douvillinidae and Leptostrophiidae (Strophomenida) are from the Upper rhenana Zone (late 
Frasnian). Athyridid brachiopods, especially the representatives of the subfamily Cleiothyridininae constituted a significant part of the early 
Famennian recovery faunas with spiriferids and rhynchonellids, just after the late Frasnian mass extinction. 

INTRODUCTION 

Despite 

remarkable interest by generations of paleontolo 
gists in Frasnian and Famennian brachiopods from southern 

Belgium (Namur-Dinant Basin), few studies have been dedicated to 
the strophomenids, orthotetids, and athyridids. The latest compre 
hensive list of Late Devonian species of these orders dates back to 

Maillieux (1941) and most of the taxa have never been illustrated. 

During the Frasnian, strophomenids and orthotetids were rela 

tively common in the Namur-Dinant Basin, but they generally 
constituted a minor part of the brachiopod assemblages. The late 

Frasnian mass extinction, notably responsible for the extinction 

of atrypids and pentamerids (Copper, 1986), decimated the order 

Strophomenida: only the Rafinesquinidae crossed the Frasnian/ 
Famennian boundary (Rong and Cocks, 1994). Athyridids and 
more especially the representatives of the subfamily Cleiothyri 
dininae played a significant role in the post-extinction brachiopod 
recovery together with spiriferids and rhynchonellids. 

The purpose of this paper is to describe the Strophomenida and 
the Orthotetida from the late middle Frasnian to the early Famen 

nian {hassi to triangularis conodont zones) as well as the Athyr 
idida from the early Famennian (triangularis Zone) of the Namur 

Dinant Basin, which is the historical type area of the Frasnian 
and Famennian stages [see overview in Coen-Aubert and Boul 

vain (2006) and Thorez et al. (2006)]. 

GEOLOGICAL SETTING 

The material studied originates from 21 sections at different 
localities in the Namur and Dinant synclinoria, the Philippeville 

Anticlinorium and the Vesdre area (Fig. 1). These Variscan struc 
tural elements constituted the Namur-Dinant Basin, which devel 

oped along the southeastern margin of Laurussia during Devonian 
time. During the Frasnian, the faci?s succession reflected a ramp 

setting with a mixed siliciclastic-carbonate sedimentation and sev 

eral breaks of slope as well as the development of carbonate 
mound levels in its distal part (southern flank of the Dinant Syn 
clinorium) (Boulvain et al., 2004) (Fig. 2). The Frasnian stropho 

menids and orthotetids were recovered from the following litho 

stratigraphic units {hassi to Upper rhenana zones): Grands Breux 

(Boussu-en-Fagne Member only), Neuville, Aisemont, Barvaux, 
Les Valisettes and Lambermont (lower part) Formations. All these 
formations have been described in detail by Boulvain et al. 

(1999); they are mainly shaly with limestone beds and nodules. 
However, the strophomenids and orthotetids from the reddish car 
bonate buildups (Petit-Mont Member) occurring in the Neuville 
and Les Valisettes formations have not been studied because of 
the difficulty of extracting identifiable specimens from the lime 
stones. The Famennian athyridids and orthotetids were recovered 

in the basal part of the Famenne Group ("Senzeille Formation;" 
triangularis Zone) and from the upper part of the Lambermont 

Formation (triangularis Zone) that are essentially shaly with mi 
nor sandy and carbonate beds [see Bultynck and Dejonghe (2002) 
and Thorez et al. (2006)]. 

SYSTEMATIC PALEONTOLOGY 

The studied specimens are deposited in the paleontological col 
lections of the Institut royal des Sciences naturelles de Belgique 
(IRScNB) (Brussels, Belgium) and in the collections of the D? 

partement de G?ologie of the Universit? de Li?ge (ULg) (Li?ge, 
Belgium). Other material examined is housed at the Mus?e Gos 
selet (MGL) included presently within the Mus?e d'Histoire na 
turelle de Lille (Lille, France), at the Institut de G?ologie of the 

Universit? Louis Pasteur (ULP) (Strasbourg, France), and at the 
United States National Museum (Smithsonian Institution) 
(USNM) (Washington DC, USA). Only the illustrated specimens 
are registered. 

Abbreviations for measurements are as follows: dL, dorsal 

valve length; Hi, interarea height; Ht, tongue height; L, shell 

length; T, shell thickness; Td, dorsal valve thickness; Tv, ventral 

? . ? . ? Midi Overthrust 

Figure 1?Schematic geological map of southern Belgium. Abbreviations: 

B, Barvaux; Bi, Biron; Bo, Boussu-en-Fagne; C, Cerfontaine; D, Deulin; F, 
Frasnes; H, Heure; Ho, Hogne; N, Neuville; N, Nismes; PA, Philippeville 
Anticlinorium; S, Senzeille; TW, Theux Window; V, Vaulx. 
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Figure 2?Schematic N-S cross section and main lithostratigraphic units of the Namur-Dinant Basin before the Variscan Orogeny. Modified from Boulvain et al. 

(2004). The Barvaux Formation is not represented here but it is a lateral equivalent of the Matagne and Les Valisettes formations and of the lower part of the 
Lambermont Formation. The Famenne Group includes, from base to top, the "Senzeille" and "Mariembourg" formations (see Thorez et al. (2006) for more details). 

valve thickness; ULd, Unrolled length of dorsal valve; ULv, un 
rolled length of ventral valve; W, shell width; Wi, interarea width; 

Ws, sulcus width. 

The name of a locality followed by a number (e.g., Durbuy 
5337) corresponds to the name of an outcrop as it is recorded in 
the files of the IRScNB. The BM, JG, and PS prefixes indicate 

B. Mottequin, J. Godefroid, and P. Sartenaer's localities, respec 

tively (see also Appendix 1). 

Order Strophomenida ?pik, 1934 

Superfamily Strophomenoidea King, 1846 

Family Douvillinidae Caster, 1939 

Subfamily Douvillininae Caster, 1939 
Genus Douvillina Oehlert, 1887 

Type species.?Orthis Dutertrei Murchison, 1840. 

Douvillina dutertrei (Murchison, 1840) 
Figures 3.1-3.11, 4 

Orthis Dutertrii Murchison, 1840, p. 253, pi. 2, fig. 6a-c. 

Material examined.?One articulated specimen and two ventral valves 
from locality BM-2001-2; two ventral valves from locality BM-2002-5; three 
articulated specimens from locality BM-2002-7; one articulated specimen and 
seven ventral valves from locality BM-2002-8; 8 articulated specimens and 
six ventral valves from locality BM-2003-6; four articulated specimens and 
two ventral valves from locality BM-2003-7; five articulated specimens and 
three ventral valves from locality BM-2003-9; 46 articulated specimens from 

locality Couvin 6158p. 
Measurements.?See Figure 4. 

Occurrence.?In the Boulonnais region where the species was first described 

by Murchison (1840), Brice (2003) reported it in the Beaulieu and Ferques for 
mations of Frasnian age. In the Namur-Dinant Basin, D. dutertrei occurs within 

the hassi to Upper rhenana zones on the basis of the current data. 

Discussion.?The Belgian specimens agree with the description 
of Murchison's species provided by Brice (1988). 

Douvillina area new species 

Figures 3.12-3.27, 4, 5 

Diagnosis.?Shell large-sized (maximum W: 37.8 mm; maximum 

L: 29.6 mm; maximum T: 14.0 mm), wider than long (W/L: 1.03 

1.39), planoconvex to concavoconvex, semi-elliptical to semicircular 

in outline; ventral (up to 3.25 mm) and dorsal interareas well-de 

veloped; 12-13 costae and costellae per 5 mm at front. 

Description.?Shell wider than long (W/L: 1.03-1.39), planoconvex to 

concavoconvex, roughly semi-elliptical to semicircular in outline with straight 
to convex posterolateral margins and straight to rounded anterior one; maxi 

mum width between mid-length and posterior margin; anterior commissure 

rectimarginate, ventral interarea 1 to 3 times higher than dorsal one. Ventral 
valve of variable convexity (ULv/L: 1.01-1.37), maximum thickness at about 

midvalve; flanks sloping gently to moderately towards lateral commissure; 

posterior margin subrectilinear; umbo absent; posterior angle identical to api 
cal one varying between 160?-176?; interarea high (up to 3.25 mm), flat, 

apsacline, vertically striated; pseudodeltidium with median part convex. Dor 

sal interarea flat, hypercline, vertically striated; chilidium narrow, convex. 

Ornamentation parvicostellate (Fig. 3.27); costellae increasing by intercala 

tion, 12-13 costae and costellae per 5 mm at front; growth lamellae absent 

to rare; filae very fine. 

Ventral interior (Fig. 5) with ventral process devoid of internal cavity; hinge 
line denticulate; muscle field relatively small, semi-elliptic, concave, elevated 

[width and length corresponding to 40% and 35% of W and L respectively 

(only one specimen)]; muscle-bounding ridges well-developed, interrupted an 

teriorly by a prominent myophragm extending on a low distance towards 

anterior margin. Dorsal interior (Fig. 5) with cardinal process composed of 
two posteroventrally orientated lobes uniting in anterior direction; socket ridg 
es small, divergent; myophragm prominent but short; anderidia separated by 

relatively deep cavity. 

Etymology.?From "area," Latin, a flat surface, referring to the consid 

erable development of the ventral and dorsal interareas. 

Type.?Holotype, complete specimen (IRScNB al2398) (Fig. 3.12-3.16) 
from the Barvaux Formation (Upper rhenana Zone) at locality Durbuy 5337 

(=BM-2002-4). 
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Figure 3?1-11, Douvillina dutertrei (Murchison 1840) from locality Couvin 6158p. (Grands Breux Formation, Boussu-en-Fagne Member): 1-2, ventral 

and dorsal views of IRScNB al2395; 3-6, ventral, dorsal, lateral, and posterior views of IRScNB al2396; 7-11, ventral, dorsal, lateral, posterior, and anterior 
views of IRScNB al2397. 12-27, Douvillina area sp. nov. from locality Durbuy 5337 (Barvaux Formation): 12-16, ventral, dorsal, lateral, posterior, and 
anterior views of IRScNB al2398 (holotype); 17-21, 27, ventral, dorsal, lateral, posterior, and anterior views of IRScNB al2399 and detail of ornament on 

ventral valve; 22-26, ventral, dorsal, lateral, posterior, and anterior views of IRScNB a 12400. 27, X 15; others, X 1.5. 
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ULv/W 

Width (mm) 

Figure 4?Douvillina dutertrei and Douvillina area sp. nov. Scatter diagrams of shell width to shell length, shell width to shell thickness, and shell length 
to dorsal valve unrolled length (ULd); frequency diagrams of W/L, T/W, and L/ULd (dotted line, D. area; unbroken line, D. dutertrei). Arrows = means. For 

abbreviations, see text. 

Other material examined.?Two articulated specimens from locality BM 

2001-2; seven articulated specimens from locality BM-2002-4; 26 articulated 

specimens and one ventral valve from locality Durbuy 5337. 

Measurements.?See Figure 3. 

Occurrence.?Douvillina area occurs within the Barvaux Formation 

(southeastern flank of the Dinant Synclinorium; Upper rhenana Zone) as well 
as in the Lambermont Formation (northern border of the Dinant Synclinorium; 

Upper rhenana Zone). 
Discussion.?Pardo Alonso (2002) modified the definition of 

the genus Douvillina in order to include the species with a pla 
noconvex profile such as D. area. The new species has been long 
included with D. dutertrei (Murchison, 1840) from whom it is 

easily distinguishable by its more developed interareas, the ab 
sence of ventral umbo and its less developed concavoconvex pro 
file. Douvillina area reaches a size similar to that of D. imitatrix 

Reed, 1929, but the latter displays a thinner ornamentation and a 

prominent ventral umbo. Douvillina area is differentiated from 

_5 mm_ 
2.4 5 mm 

^^---CLr-^^^?" 

5.8 6.2 7.0 
Figure 5?Transverse serial sections of Douvillina area sp. nov. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB al2401 

from locality Durbuy 5337 (Barvaux Formation). Dimensions of specimen: width 22.3 mm; length 18 mm; thickness 6 mm. 
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Figure 6?7, Nervostrophia (Nervostrophia) cf. latissima (Quenstedt, 1871) from locality BM-2003-8 (Neuville Formation): ventral view of IRScNB 

al2401. 2-7, Gamphalosia sp. from locality Durbuy 5337 (Barvaux Formation): 2-3, ventral valve (IRScNB al2402) in external and internal views; 4-7, 

ventral, dorsal, and lateral views of IRScNB a 12403 and detail of ornament on ventral valve. 8-18, Nervostrophia {Ailostrophial) sp.: 8-10, ventral, dorsal, 

lateral, and posterior views of IRScNB a 12404 from locality BM-2003-10 (Neuville Formation); 11-14, ventral, dorsal, and lateral views of IRScNB a 12407 

from locality 6158p. (Grands Breux Formation, Boussu-en-Fagne Member); 15-18, ventral, dorsal, lateral, and posterior views of IRScNB a 12411 from locality 

6158p. (Grands Breux Formation, Boussu-en-Fagne Member). 7, X15; others, X2. 

D. kireevae Lyashenko, 1959 by its less rounded posterolateral 
margins (wider hinge line), the planoconvex character of some 

shells, and its more developed interareas. The new species differs 

from D. timanica Alekseeva and Olenova, 2000 by its higher 
ventral interarea, its wider ventral muscle field, and by its less 

inflated ventral valve. 

Family Leptostrophiidae Caster, 1939 
Genus Nervostrophia Caster, 1939 

Subgenus Nervostrophia (Nervostrophia) Caster, 1939 

Type species.?Strophomena nervosa Hall, 1843. 

Nervostrophia (Nervostrophia) cf. latissima 

(Quenstedt, 1871) 
Figure 6.1 

cf. Leptaena latissima Quenstedt, 1871, p. 598, pi. 57, figs. 59-61. 

Material examined.?One articulated specimen from locality BM-2003-8. 

Occurrence.?Ner\>ostrophia (N.) cf. latissima was recovered within the 
Neuville Formation (southern flank of the Dinant Synclinorium; Lower rhen 
ana Zone). In the Boulonnais, N. (N.) latissima occurs in the Ferques For 

mation (Brice, 2003). 

Discussion.?The collections contain a single planoconvex 
shell whose ornamentation is poorly preserved. It displays mu 

cronate cardinal extremities, a flat and apsacline ventral interarea. 

By its external characters, it is close to Quenstedt's species as 

reviewed by Brice (1988), but the confirmation of this identifi 
cation needs better preserved specimens and the investigation of 

the internal morphology. 

Subgenus Nervostrophia (Ailostrophia) Alekseeva, 2003 

Type species.?Leptaena asella de Verneuil, 1845. 
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2.0 3.15 3.45 

Figure 7?Transverse serial sections of Nervostrophia (Ailostrophial) sp. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB 
al2412 from locality Couvin 6158p. (Grands Breux Formation, Boussu-en-Fagne Member). Dimensions of specimen: width 22.1 mm; length 16.7 mm; 
thickness 6.7 mm. 

Nervostrophia (Ailostrophia?) sp. 

Figures 6.8-6.18, 7, Table 1 

Description.?Shell reaching 23.7 mm in width, wider than long (W/L: 
1.23-1.49), concavoconvex, geniculate, mucronate, semi-elliptical in outline. 

Ventral valve of variable convexity (ULv/L: 1.19-1.38) in lateral profile, ge 
niculate; inflexion point located at about the half of ULv or more anteriorly 
in the case of more flattened valves; posterior margin slightly indented by 

umbo; posterior angle between 169?-176?; interarea flat, low (up to 2.8 mm), 

apsacline, vertically striated; pseudodeltidium flat to slightly convex. Dorsal 
interarea flat, more or less catacline, markedly less developed than the ventral 

one; chilidium flat. Ornamentation unequally parvicostellate (some costae of 

irregular width); at front, (5?) 6-7 costae per 5 mm separated from each other 

by 4-7 costellae; at dorsal valve, costae less distinct from costellae. 
Ventral interior (Fig. 7) with ventral process displaying internal cavity 

and not in continuity with relatively prominent and short myophragm; hinge 
line denticulate; muscle field bounded posterolaterally by prominent ridges. 

Dorsal interior (Fig. 7) with bilobed cardinal process; lobes posteroventrally 
oriented; socket ridges parallel and adjacent to cardinal process lobes; mus 

cle field bounded by two ridges originating anteriorly to cardinal process; 
anderidia located in anterior part of muscle field and separate by thin median 

ridge. 

Table 1?Dimensions in mm of selected specimens of Nervostrophia (Ail 
ostrophia?) sp. For abbreviations, see text. 

IRScNB W L T ?Lv 

al2404 2Z9 177 535 21 
al2405 22.3 15.6 6.4 19 
al2406 19.3 15.7 7 22 
al2407 23.7 16 4.6 20 
al2408 21.5 15.3 5.3 19 
al2409 22.2 16 / 19 
al2410 22.6 15.2 6.1 21 

Material examined.?Nine articulated specimens from locality BM-2003 

10; seven articulated specimens from locality JG-1995-4; 51 articulated spec 
imens, four ventral and two dorsal valves from locality Couvin 6158p. 

Measurements.?See Table 1. 

Occurrence.?Nervostrophia (Ailostrophial) sp. is recognized within the 
Grands Breux Formation (Boussu-en-Fagne Member; hassi to Lower rhenana 

zones) and in the lower part of the Neuville Formation (Lower rhenana Zone) 
at the southern border of the Dinant Synclinorium. 

Discussion.?No dissociated valve of this species has been 

collected, so it was not possible to corroborate the observations 

from the transverse serial sections. It is highly probable that the 
internal morphology of the dorsal valve is more complex than 

the one described above. The clearly concavoconvex profile of 

numerous shells, as well as the unequally parvicostellate orna 

mentation, lead me to assign them to the subgenus Ailostrophia 

[considered as such by Cocks and Rong (2007)], though the 
internal characters of the ventral valve display more affinities 

with those of Timanostrophia Alekseeva, 2003. Further inves 

tigation is needed to resolve this problem of generic and specific 
assignments. 

Genus Gamphalosia Stainbrook, 1945 

Type species.?Gamphalosia tenuissima Stainbrook, 1945. 

Gamphalosia sp. 

Figure 6.2-6.7 

Description.?Shell small-sized (up to 20 mm in width), wider than long 
(W/L: 1.20-1.29), slightly resupinate, semi-elliptical in outline; maximum 

width near posterior margin; cardinal extremities mucronate. Ventral valve 
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Figure 8?1-16, Retrorstrophia retrorsa (Kayser, 1881) from Barvaux Formation: 1-3, dorsal, lateral, and posterior views of IRScNB a 12413 (Durbuy 

5337); 4-7, ventral, dorsal, lateral, and posterior views of IRScNB al2414 (Durbuy 5337); 8-12, ventral, dorsal, lateral, posterior, and anterior views of 

IRScNB al2415 (Durbuy 5337); 13, internal mould of dorsal valve IRScNB al2418 (BM-2002-4); 14, internal view of ventral valve IRScNB al2417 (BM 

2002-4); 75, internal view of an incomplete ventral valve IRScNB a 12416 (Durbuy 5337); 16, detail of ornament on ventral valve of IRScNB a 12477 (Durbuy 

5337). 13, 14, X3; 16, X15; others, X2. 

with weakly convex posterocentral area on the contrary to lateral and anterior 

ones; sulcus weak, originating in the anterior half of the valve and producing 
a slight undulation of anterior commissure; posterior margin almost rectilin 

ear; umbo hardly developed; interarea low, flat, apsacline, vertically striated; 

delthyrium not observed. Dorsal valve flat but convex at proximity of lateral 

and anterior margins; interarea low, anacline, flat, vertically striated. Orna 

mentation unequally parvicostellate (Fig. 6.7); rugae absent; 5 costae (some 
times of irregular width) per 5 mm separated from each other by 2-7 costellae 

at front; costellae more pronounced on ventral valve. 

Ventral interior (Fig. 6.3) with hinge line denticulate; internal surface gran 

ul?se; muscle field subtriangular, excavated, delimited in its posterior part by 
two short and rounded ridges; myophragm prominent whose length does not 

exceed the half length of the muscle field. Dorsal interior unobserved. 

Material examined.?Two articulated specimens and one ventral valve 

from locality BM-2002-4; two articulated specimens and two ventral valves 

from locality Durbuy 5337. 

Occurrence.?Gamphalosia sp. occurs in the Barvaux Formation (south 
eastern flank of the Dinant Synclinorium; Upper rhenana Zone). Moreover, 

badly preserved specimens of unidentified species of Gamphalosia have 

been collected within the middle part of the Aisemont Formation (Lower 
rhenana Zone) on the southern border of the Namur Synclinorium (BM 

2001-1). 

Discussion.?This species displays a less nervate ornamenta 

tion than shown by North American species, which brings it clos 
er to European taxa such as Gamphalosia gosseleti (Rigaux, 

1873) reviewed by Brice (1988) and G. arbizui Garc?a-Alcalde, 
1973. Its specific assignment requires additional material. 
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0.75 1.05 1.15 5 mm 1.45 

Figure 9?Transverse serial section of Retrorstrophia retrorsa. Numbers refer to distances in mm from the top of the ventral- umbo; IRScNB al2423 from 

locality Durbuy 5337 (Barvaux Formation). Dimensions of specimen: width (23.7) mm; length 16.1 mm; thickness 8.3 mm. 

Family ?Leptostrophiidae Caster, 1939 
Genus Retrorstrophia new genus 

Type species.?Leptaena retrorsa Kay ser, 1881 by monotypy. 

Diagnosis.?Shell medium-sized, resupinate, strongly genic 
ulate and mucronate. Ornamentation unequally parvicostellate 

(of similar strength in both valves), without rugae; ventral area 

low, flat, apsacline; pseudodeltidium flat; dorsal interarea low, 

flat, anacline; chilidium flat; hinge line almost entirely denticu 
late; ventral muscle field bilobed, divided by myophragm, gen 
erally completely bounded by ridges; dorsal muscle field later 

ally bounded by two prominent and divergent ridges with 
median ridge in its posterior part; anterior part with anderidia 

and thin median ridge. 

Etymology.?From "retrorsus" Latin, meaning turned, referring to the 

type species. 
Occurrence.?Lower and Upper rhenana zones (late Frasnian), Aachen 

area (Germany) and Namur-Dinant Basin (Belgium). 

Discussion.?Retrorstrophia is placed tentatively in the Lep 

tostrophiidae on the basis of its affinities with the genus Gam 

phalosia assigned to this family by Cocks and Rong (2000). 

Table 2?Dimensions in mm of selected specimens of Retrorstrophia re 
trorsa. For abbreviations, see text. 

IRScNB W L T ULd 

al2413 2X5 18 9 25 
al2414 19.8 15.3 6.9 18 
al2419 25 13.5 5.4 16 
al2420 15.3 11.8 5.8 14 
al2421 17.4 13 5.7 16 
al2422 21 13.6 5.4 15 

The ornamentation of Retrorstrophia is close to that of Gam 

phalosia Strainbrook, 1945 although, in the latter, weak rugae 
are developed sporadically. Nevertheless, the new genus dis 

plays a strongly resupinate and geniculate shell, flat pseudo 
deltidium and chilidium, as well as a ventral muscle field with 

markedly muscle-bounding ridges. Retrorstrophia is reminis 

cent of Strophonelloides Caster, 1939 (Strophodontidae) of the 
Frasnian of North America by its resupinate shell, but this lat 

ter displays a costellate ornamentation and differs in its internal 

morphology. 

Retrorstrophia retrorsa (Kayser, 1881) 

Figures 8, 9; Table 2 

Leptaena retrorsa Kayser, 1881, p. 335, pi. 19, fig. 5. 

Description.?Shell reaching 27.5 mm in width, resupinate, strongly ge 
niculate, wider than long (W/L: 1.22-1.85), semi-elliptical in outline, more 
or less transversally stretched; anterior margin rounded or weakly flattened; 
lateral margins drawing acute to right angles with the hinge line; cardinal 

extremities mucronate (up to 10 mm long); geniculation occurring between 
35 to 63% of the ULd measured from the posterior margin. Ventral valve 

with almost rectilinear posterior margin; posterior margin hardly indented by 
the umbo; posterior angle between 169?-176?; interarea flat, apsacline, ver 

tically striated; pseudodeltidium flat. Dorsal valve (ULd/L: 1.06-1.47) with 
rectilinear posterior margin; interarea flat, anacline, vertically striated, about 
2 times less high than the ventral one; chilidium flat. Ornamentation unequally 
parvicostellate (Fig. 8.16); costellae can thicken so much that they become 
as large as the costae at the anterior margin (in some cases, it may be the 
result of the fusion of two costellae); at front, 4-8 costae per 5 mm separated 
from each other by 2-5 costellae; in some cases, costae get thinner anteriorly; 

growth lamellae rare, irregularly spaced. 
Ventral interior (Figs. 8.14, 8.15, 9) with ventral process devoid of internal 

cavity and in continuity with the myophragm; muscular field bilobed, elevat 

ed, divided by myophragm, entirely delimited by muscle-bounding ridges. 
Dorsal interior (Figs. 8.13, 9) with lobes of the cardinal process posteroven 

trally oriented; median ridge developed in the posterior half of the muscle 
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Figure 10?7, Schuchertellopsis {Schuchertellopsis) durbutensis Maillieux, 1939, from locality Durbuy 5337 (Barvaux Formation): dorsal view of IRScNB 

al2424b in sulcus of Cyrtospirifer sp. nov.; 2-77, Floweria pseudoelegans (Gosselet, 1877) from the Famenne Group ("Senzeille Formation"): 2-6, ventral, 

dorsal, lateral, posterior, and anterior views of IRScNB al2426 (Senzeille 6839b); 7, ventral view of IRScNB al2425 (Senzeille 6839b); 8-12, ventral, dorsal, 

lateral, posterior, and anterior views of IRScNB al2427 (Senzeille 6839b); 13-17, ventral, dorsal, lateral, posterior, and anterior views of ULg 2007.02.04 

(Senzeille 202). 1, X3.5; others, Xl.5. 

field originating at the base of the cardinal process with its anterior extremity 

bifurcating; anteriorly to this median ridge, begins another one clearly thinner 
and dividing the anterior part of the muscle field; length of the muscle field 

comprised between the third and the half of the ULd; two prominent and 

divergent ridges originating at the base of the cardinal process delimit laterally 
the muscle field; anderidia developed in the anterior part of the muscular field. 

Material examined.?One dorsal valve from locality BM-2001-1; 14 artic 

ulated specimens from locality BM-2001-2; one articulated specimen from 

locality BM-2002-1; 25 articulated specimens, two ventral and two dorsal 
valves from locality BM-2002-4; two articulated specimens from locality BM 

2002-5; one articulated specimen from locality BM-2002-6; five articulated 

specimens from locality BM-2003-3; four articulated specimens from locality 
BM-2003-4; two articulated specimens from locality BM-2004-1; two ventral 

valves from locality BM-2004-4; 179 articulated specimens and one ventral 
valve from locality Durbuy 5337. 

Measurements.?See Table 2. 

Occurrence.?Retrorstrophia retrorsa occurs in the Frasnian of the Aachen 
area (Germany) where its precise stratigraphie range remains unknown. In the 

Namur-Dinant Basin, the species is widely distributed in the Upper rhenana 
Zone (especially within the Barvaux Formation) but it seems to appear in the 
Lower rhenana Zone (Aisemont Formation). 

Discussion.?In spite of my efforts, the specimen figured by 

Kayser (1881, pi. 19, fig. 5) has not been found yet, but Kayser 
(1881, p. 336) signaled that Leptaena retrorsa is "Nicht selten in 

den schwarzen, dem ?lteren Oberdevon angeh?rigen Mergelschie 
fern von Stolberg bei Aachen, zusammen mit Spirifer Verneuili, 

Rhynchonella cuboides und pugnus, Atrypa reticularis etc. 

(... )." Kl?hn (1912, p. 12) mentioned that "Str. (=Strophonella) 
retrorsa ist sehr h?ufig in der Frasne-Schiefern und deren Kalk 

schiefereinlagerungen bei Schmidthof, Walheim, Hahn und Brei 

niger Berg;" these localities are situated in the Aachen area. The 

study of specimens of Holzapfel's collection mentioned by Kl?hn 

(1912) and housed at the ULP revealed that the Belgian speci 
mens cannot be distinguished from these ones. 

Order Orthotetida Waagen, 1884 
Suborder Orthotetidina Waagen, 1884 

Superfamily Orthotetoidea Waagen, 1884 

Family Schuchertellidae Williams, 1953 

Subfamily Schuchertellinae Williams, 1953 
Genus Schuchertellopsis Maillieux, 1939 

Subgenus Schuchertellopsis (Schuchertellopsis) 

Maillieux, 1939 

Type species.?Schuchertellopsis durbutensis Maillieux, 1939. 

Schuchertellopsis (Schuchertellopsis) durbutensis 

Maillieux, 1939 

Figure 10.1 

Schuchertellopsis durbutensis Maillieux, 1939, p. 5, figs. 1-6. 

Schuchertellopsis {Schuchertellopsis) durbutensis Williams and Brunton, 

2000, p. 667, fig. 480.5a-c; Long and Brunton, 2005, figs. la,b, 2, 4, 

5-15; Brunton, 2007, p. 2674, fig. 1782.a-b. 

Material examined.?One articulated specimen from locality BM-2002-4. 

Occurrence.?In the Namur-Dinant Basin, this rare species occurs in the 

Upper rhenana Zone (Barvaux Formation). 

Discussion.?This small species, which is characterized by its 

ventral valve cemented almost completely to a cyrtospiriferid 

shell, was originally described by Maillieux (1939) on the basis 
of specimens from the Barvaux Formation. Its shell structure was 

thoroughly studied by Long and Brunton (2005). 
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5 mm 

Figure 77?Transverse serial sections of Floweria pseudoelegans. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB al2428 

from locality Senzeille 6839b (Famenne Group: "Senzeille Formation"). Dimensions of specimen: width 27.2 mm; length 26 mm; thickness 11.4 mm. 
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Figure 12?Floweria pseudoelegans. Scatter diagrams of shell width to 

shell length, shell width to shell thickness; frequency diagrams of W/L, 
T/W, T/L, and Wi/W Arrows = means. 

Superfamily Chilidiopsoidea Boucot, 1959 

Family Areostrophiidae Manankov, 1979 

Subfamily Adectorhynchinae Henry and Gordon, 1985 
Genus Floweria Cooper and Dutro, 1982 

Type species.?Orthis prava Hall, 1858. 

Floweria pseudoelegans (Gosselet, 1877) 

Figures 10.2-10.17, 11, 12 

Orthis pseudo-elegans Gosselet, 1877, p. 319, pi. 4, fig. 10a,b. 

Description.?Shell reaching 29.3 mm in width, wider than long (W/L: 
1.06-1.40), ventribiconvex, oval to subquadrate in outline (Wi/W: 0.64-0.89); 
lateral margins rounded; anterior border straight; maximum width at about 

mid-length; cardinal angles generally rounded, but some specimens with poor 

ly developed ears; anterior commissure rectimarginate or slightly undul?se. 
Ventral valve regularly convex in lateral profile; in some cases, its anterior 

part is flattened while its posterior one is convex (however, profile not resu 

pinate); very slight median depression sometimes developed close to anterior 

margin; umbonal area frequently distorted, with cementation traces and ko 

skinoid perforations; posterior margin indented; posterior and apical angles 
varying between 132?-165? and 107?-121? respectively; interarea triangular, 

variably high (Hi/Wi: 0.14-0.35), apsacline, flat but curved at its top due to 

the beak curve; pseudodeltidium convex. Dorsal valve wider than long (W/ 
dL: 1.3-1.5), almost flat or convex (posterolateral extremities generally flat), 

roughly semi-elliptical in outline; slight median depression occurring some 

times in the anterior part of the valve and extending towards the front; inter 
area linear; chilidium sometimes with a slight median groove. Ornamentation 

parvicostellate; 3-4 costae and costellae per mm at anterior margin (curved 
close the posterolateral extremities); filae very fine (? 31/mm), some thick 

ened at irregular intervals. 
Ventral interior (Fig. 11) with teeth rounded in section, unsupported by 

dental plates; muscle field poorly defined and divided by a myophragm. Dor 

sal interior (Fig. 11) with cardinal process lobes low, grooved medially; socket 

ridges recurved; muscle field badly defined in its anterior part, divided by 

myophragm extending up to the half of ULd. 

Material examined.?Two articulated specimens from locality BM-2001-3; 
one ventral valve from locality BM-2001-5; one dorsal valve from locality 
BM-2002-1; three ventral valves from locality BM-2002-6; 10 articulated 
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Figure 13?7-77, Cleiothyridina davidsoni (Rigaux, 1873) from locality 
BM-2003-2 (Famenne Group: "Senzeille Formation"): 7-5, ventral, dorsal, 
lateral, posterior, and anterior views of IRScNB a 12265; 6-70, ventral, dorsal, 
lateral, posterior, and anterior views of IRScNB a 12266; 77, detail of orna 

ment on dorsal valve of IRScNB al2478. 77, X15; others, X2. 

specimens and two dorsal valves from locality BM-2003-2; 45 articulated 

specimens from locality, one ventral and one dorsal valves from locality Sen 

zeille 6839; 11 articulated specimens from locality Senzeille (ULg). 
Measurements.?See Figure 12. 

Occurrence.?In the Namur-Dinant Basin, the species occurs within the 
lower part of the Famenne Group ("Senzeille Formation") as within the Fa 

mennian part of the Lambermont Formation, i.e., in the Lower (?)/Middle 

triangularis Zone. 

Discussion.?This species is referred to Floweria rather than 

to the related genus Eoschuchertella Gratsianova, 1974 for the 

following reasons: general look, shell rarely strongly ventribicon 

vex, thin costae increasing by bifurcation, cementation cicatrix, 

and lobes of the cardinal process grooved posteriorly. Koskinoid 

perforations have been observed in the specimens of F. prava 

(Hall, 1858), F. magnacicatrix Cooper and Dutro, 1982, and F. 

transversalis Cooper and Dutro, 1982 which have been figured 
by Cooper and Dutro (1982) and housed at the USNM. Till now, 
the types of F. pseudoelegans have not been found in the collec 

tions of the MGL. F. pseudoelegans has been misidentified with 
Orthotetes consimilis de Koninck, 1882 of uncertain generic po 
sition by Maillieux (1941, p. 6) and Bultynck and Martin (1995, 
p. 9) but it differs from it in its smaller size, its more inflated 
shell and its well-developed triangular interarea. 

Order Athyridida Boucot, Johnson, and Staton, 1964 

Suborder Athyrididina Boucot, Johnson, and Staton, 1964 

Superfamily Athyridoidea Davidson, 1881 

Family Athyrididae Davidson, 1881 

Subfamily Cleiothyridininae 
Alvarez, Rong, and Boucot, 1998 

Genus Cleiothyridina Buckman, 1906 

Type species.?Atrypa pectinifera J. de C. Sowerby, 1840 in 

1840-1846. 

Cleiothyridina davidsoni (Rigaux, 1873) 
Figures 13, 14 

Spirigera Davidsoni Rigaux, 1873, p. 48, fig. 10a-c. 

e.p. Athyris Davidsoni Rigaux, 1908, p. 13, non pl. 1, fig. 3 {=Athyris oeh 
lerti Rigaux, 1908); Brice, 1988, p. 352, pl. 43, figs. 1, 3, 4, non pl. 43, 

fig. 2 (=A. oehlerti) (complete synonymy from the Boulonnais region 
(northern France) up to 1988). 

Description.?Shell small-sized for the genus (up to 16.4 mm wide), 
rounded to elliptic in outline, generally wider than long (W/L: 0.92-1.38), 
dorsibiconvex; in ventral view, anterior margin rounded to slightly emargin 
ate; anterior commissure uniplicate to parasulcate; anterolateral commissures 
sometimes slightly ventrally deflected. Ventral valve with flanks sloping gent 

ly towards the lateral commissures; anterolateral part of the valve flattened in 
some specimens; umbo prominent; beak slightly curved; small permesothyrid 
foramen; sulcus wide at front (Ws/W: 0.37-0.62), originating at about mid 
valve or more posteriorly, with a flattened bottom, sometimes delimited an 

teriorly by rounded crests; tongue 0.98-1.55 times wider than high, U-shaped, 

perpendicular or nearly perpendicular to the commissural plane; posterior and 

apical angles between 111?-129? and 80?-105? respectively; palintropes small 

and poorly defined. Dorsal valve highest at the front or about midvalve from 

where it curves progressively or maintains its height towards the anterior 

margin (sometimes its upper surface curves before standing up again sharply 
near the front); fold originating at about midvalve, with a relatively flat top, 

moderately high. In the plane of symmetry of adult specimens, the distance 
between two successive growth lamellae is about 0.5 mm. They are more 

closely spaced anteriorly and anterolaterally. Growth lamellae projecting an 

teriorly and anterolaterally as flat, solid spine-like outgrowths (rarely ob 

served) (Fig. 13.11). 
Ventral interior (Fig. 14) with dental plates converging dorsally, short, 

somewhat thickened in their posterior part and supporting small and subrect 

angular teeth in transverse section; apical cavities relatively wide; thin lens 
of prismatic calcite occurring within the fibrous shell, in the median part of 

the valve. Dorsal interior (Fig. 14) with cardinal plate pierced apically by a 

dorsal foramen; inner hinge plates ventrally concave, conjunct, with a low 

median ridge, projecting anteriorly further than reduced outer hinge plates; 
cardinal flanges developed; dental sockets shallow; myophragm short; brach 

idium not preserved in the sectioned specimen. 
Material examined.?Seventy complete specimens from locality BM 

2003-2. 

Measurements (in mm).?Width range 7.8-16.4, average 11.7 (N 
= 

51); 

length range 7.2-13.1, average 9.8 (N 
= 

51); thickness range 4.0-9.4, average 
6.7 (N 

= 
51); width of sulcus range 4.7-8.5, average 6.3 (N 

= 
34). 

Occurrence.?Cleiothyridina davidsoni has been recovered from the basal 

part of the Famenne Group (Lower (?)/Middle triangularis zones) at Senzeille, 
but it occurs also in the Neuville Formation (Lower rhenana Zone) at the 

southern border of the Dinant Synclinorium (Mottequin, 2005). No specimen 
has been collected within the Matagne and the Les Valisettes formations of 

late Frasnian age (Upper rhenana and linguiformis zones). The species was 

originally described in the Boulonnais region (northern France). According to 

Brice (1988), the range of this taxon in the latter, in terms of conodont zones, 

spans the interval of the Middle/Upper varcus zones to the Ancyrognathus 

triangularis Zone. 

Discussion.?The presence of thin spine-like outgrowths pro 

jecting from the growth lamellae and the type of cardinalia led 
me to assign Spirigera davidsoni Rigaux, 1873 to Cleiothyridina 
rather than to Athyris M'Coy, 1844. Brice (1988) also reported 
that the growth lamellae bear numerous thin spines at their distal 

extremity in topotypical material of Rigaux's species but assigned 
it to Athyris. The specimen identified as Athyris davidsoni by 

Rigaux (1908, pl. 1, fig. 3) and designated as a paralectotype by 
Brice (1988) displays widely spaced growth lamellae; that leads 
me to assign it rather to A oehlerti Rigaux, 1908. Moreover, Brice 

(1988) considered this specimen as exceptional because of the 
unusual development of its sulcus ridges. The specimens presently 
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Figure 14?Transverse serial sections of Cleiothyridina davidsoni. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB al2267 
from locality BM-2003-2 (Famenne Group: "Senzeille Formation"). Dimensions of specimen: width (12.9) mm; length 10.9 mm; thickness 7.3 mm. 

studied may correspond to those reported by Gosselet (1877) as 

Spirigera conc?ntrica var. sparsilamella. 

Genus Crinisarina Cooper and Dutro, 1982 

Type species.?Crinisarina stainbrooki new name pro 

Cleiothyridina reticulata Stainbrook, 1947 (see below). 
Discussion.?-Gosselet (1877) described Spirigera reticulata 

based on specimens from the former Senzeille railway section, 
which is now filled in (Sartenaer, 1960; Bultynck and Martin, 
1995). He defined three varieties within the species: Spirigera 
reticulata var. depressa, S. reticulata var. gibbosa, and S. retic 

ulata var. carinata. Only S. reticulata var. carinata was figured 

by Gosselet (1877, pl. 3, fig. 3, 1880, pl. 5, fig. 6) and later by 
Asselberghs (1912, pl. 1, fig. 15). According to the ICZN (4th 
edition, art. 45.6.1), Gosselet's varieties have only an infrasub 

specific rank because he did not define a type variety. If he had 

clearly indicated a type variety (e.g., Spirigera reticulata typus), 
his varieties would have been considered as subspecies. 

Asselberghs (1912), because he did not consider the presence 
of "ornements radiaires (sic)" (i.e., the spines) as a specific char 

acter, transferred the variety depressa as well as several of the 

specimens identified as Spirigera reticulata var. gibbosa to Athyr 
is conc?ntrica (Murchison, 1840) non Von Buch, 1834 (=A. mur 

chisoni Brice, 1988). The others were placed in A. davidsoni (Ri 
gaux, 1873). He maintained the variety carinata and promoted it 

to specific rank. Asselberghs' position is unacceptable because he 

discarded Gosselet's species, whereas it is possible to define it on 

the basis of the lectotype indicated hereafter. 

Study of the lectotype and identical specimens shows that Spi 
rigera reticulata Gosselet, 1877 belongs to Crinisarina, as pre 

viously suggested by Bali?ski (2002). Therefore, C reticulata 

(Stainbrook, 1947) is a secondary homonym for which a new 
name must be proposed, namely Crinisarina stainbrooki nom. 

nov. A new name is also proposed for Athyris reticulata Chen 

and Xu, 2000, which is assigned here to Crinisarina: Crinisarina 

shashishanensis nom. nov. Re-examination of C reticulata (Gos 

selet, 1877) led to the recognition of the additional taxa C. an 

gelicoides (Merriam, 1940) and C. stainbrooki nom. nov. within 

the early Famennian succession of the Namur-Dinant Basin. 

In the case of well-preserved specimens of Crinisarina (e.g., 
C. angelicoides, Fig. 18.6-18.15), the radially-aligned spines give 
the shell a reticulate appearance. Athrythyris Struve, 1965 also 

displays a similar appearance resulting from radial ornamentation 

close to that observed in some atrypids (Alvarez and Rong, 2002) 
and not from spines, which are absent in the latter. 

Crinisarina reticulata (Gosselet, 1877) emend. 

Figures 15, 16, 17 

Spirigera reticulata nov. sp. var. Carinata Gosselet, 1877, p. 312, pl. 3, 

fig. 3. 

Spirigera reticulata Gosselet, 1880, pl. 5, fig. 6, 6a,b. 

Athyris carinata Asselberghs, 1912, p. 16, pl. 1, fig. 15. 

Description.?Shell of normal size for the genus, reaching about 22 mm 

in width, wider than long (W/L: 1.02-1.54) and dorsibiconvex (Tv/Td: 0.67 

0.91), rounded subpentagonal in outline (more or less transversally stretched 
with the anterior margin deeply excavated; accentuated bilobed outline), wid 
est about midvalve or more anteriorly; anterior commissure uniplicate to par 
asulcate. Ventral valve with upper surface corresponding to the upper part of 
a trapezium whose median part is more or less excavated by the sul?us in 

posterior view; upper surface of the flanks plane to convex; umbo prominent, 
beak curved; foramen permesothyrid; sulcus wide at front (Ws/W: 0.53-0.74), 

originating close to the umbo, subangular, clearly defined, deep to very deep; 
subtriangular tongue 0.72-2.76 times wider than high, perpendicular to the 
commissural plane, indeed bent dorsally; posterior and apical angles between 
85?-135? and 72?-118?, respectively; palintropes concave and little high. Dor 
sal valve elliptical to subpentagonal in outline; upper surface of the flanks 

plane to convex, flanks sloping moderately towards the lateral commissure; 
fold usually high, originating at about midvalve, like the upper part of a hull; 

mostly, maximal height at or close to the anterior margin. Shell covered by 
imbricate, very close growth lines projecting anteriorly and anterolaterally as 

flattened, radially-aligned solid spines (Fig. 15.16). 
Ventral interior (Fig. 16) with thin, short dental plates more or less arched 

depending on specimens, supporting cyrtomatodont teeth that are subrectan 

gular in transverse section; lateral apical cavities moderately developed. Dor 
sal interior (Fig. 16) with conjunct, ventrally concave inner hinge plates; outer 
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Figure 75?7-76, Crinisarina reticulata (Gosselet, 1877) from Famenne Group ("Senzeille Formation"): 1-5, ventral, dorsal, lateral, posterior, and anterior views 
of MGL 29165 (lectotype) from the old Senzeille railway section; 6-/0, ventral, dorsal, lateral, posterior, and anterior views of IRScNB al2268 (BM-2003-2); 11 
16, ventral, dorsal, lateral, posterior, and anterior views of IRScNB al2269 (BM-2003-2) and detail of ornament on ventral valve. 76, X 15; others, X2. 

hinge plates ventrally concave; cardinal flanges developed; dorsal foramen 
not observed; internal crests of the dental sockets moderately developed; my 

ophragm very short; spiral cones with at least 11 whorls (they rotated inside 
the shell due to the break of the crura). 

Type.?The specimen figured by Gosselet (1877) originates from the for 
mer Charleroi-Vireux railroad cut situated south of Senzeille which is now 
filled in. It is designated here as the lectotype and is housed at the Mus?e 
d'Histoire naturelle de Lille where it bears the number MGL 29165 (Fig. 
13.1-13.5). According to Gosselet (1877), the type horizon would correspond 
to his "Couches K" consisting of black shales with or without nodules. Ac 

cording to Sartenaer (1960, fig. 1), who revised the Senzeille section, the 

layers K (Tenuisinurostrum crenulatum, Eoparaphorhynchus lentiformis and 

Ptychomaletoechia omaliusi rhynchonellid zones) are comprised between 
220-355 m measured from the SE flank of the "pont rouge." Nevertheless, 
after the examination of the material collected by P. Sartenaer in this outcrop, 
it appears that the species is absent in these layers (see also Occurrence, 

below). 

Material examined.?Nine articulated specimens from locality BM-2001-5; 

Table 3?Dimensions in mm of selected specimens of Crinisarina angeli 
coides. For abbreviations, see text. 

IRScNB W L T Ws Ht 

al2271 2?6 VL9 ?? ?035 8 
al2272 22 18 17.9 10.8 10.3 
al2273 21.9 18.7 15.8 11.4 6.6 
al2274 16.6 15.3 14.2 8.4 7.7 
a!2275 20.9 15.6 13.5 9.2 8.1 

three articulated specimens from locality BM-2002-1; 98 articulated speci 
mens and two ventral valves from locality BM-2003-2. 

Measurements.?See Figure 17. 

Occurrence.?Crinisarina reticulata is recognized in the lower part of the 
Famenne Group as well as in the Famennian part of the Lambermont For 
mation. The species is abundant on the southern flank of the Dinant Syncli 
norium (Senzeille), but it is clearly less frequent on its southeastern flank and 
in the Vesdre area. The specimen figured by Asselberghs (1912) would have 

been collected within the Frasnian of the Sautour area (Philippeville Anticli 

norium) with "Rhynchonella cuboides, Spirifer Verneuili, Atrypa ?spera." 
This aberrant assemblage results certainly from a mixing of Frasnian and 
Famennian specimens from various localities. 

Discussion.?Crinisarina reticulata differs externally from all 

other species included presently in the genus Crinisarina in its 
bilobed outline in ventral view, its subtriangular tongue and its 

hull-shaped fold. 

Crinisarina angelicoides (Merriam, 1940) 

Figures 18, 19, Table 3 

Athyris angelicoides Merriam, 1940, p. 84, pl. 10, figs. 1-4. 

Description,?Shell of normal size for the genus, reaching 22.6 mm in 

width, generally wider than long (W/L: 0.96-1.31), dorsibiconvex to ventri 
biconvex (Tv/Td: 0.89-1.21), very globose, rounded subpentagonal in outline 

with anterior margin moderately to strongly emarginate; anterior commissure 

sharply parasulcate. Ventral valve with upper surface drawing the upper part 
of a trapezium whose top is excavated by the sulcus (in posterior view); flanks 

plane to moderately convex and sloping moderately to sharply towards the 

This content downloaded from 193.191.134.1 on Fri, 27 Feb 2015 13:48:50 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


MOTTEQUIN?DEVONIAN BRACHIOPODS FROM BELGIUM 1065 

Figure 16?Transverse serial sections of Crinisarina reticulata. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB al2270 from 

locality Senzeille 6839b (Famenne Group: "Senzeille Formation"). Dimensions of specimen: width 18.0 mm; length 13.8 mm; thickness 11.7 mm. 

lateral commissures; umbo prominent; beak curved, pierced by a permeso 

thyrid to epithyrid (?) foramen; sulcus wide at front (Ws/W: 0.42-0.59), orig 
inating imperceptibly in the posterior part of the valve, close to the umbo, 

deepening rapidly, with flat to rounded bottom at the front and sharply defined 

by more or less strong bounding ribs; tongue 1.05-1.73 times wider than high, 
subtrapezoidal to semioval in outline, perpendicular to the commissural plane, 

bent dorsally; posterior and apical angles between 109?-122? and 98?-lll?, 

respectively; palintropes well-defined. Dorsal valve with its upper surface de 

fining a coarse semi-ellipse or semicircle whose median part is raised by the 

fold; fold of variable height, rounded to flattened at the front, originating at 
about midvalve or posteriorly to this, generally well-defined and, in some 

specimens, sharply defined by two lateral grooves; maximal height anterior 
to mid-length. Ornamentation similar to that of Crinisarina reticulata (see 
above; Fig. 18.19). 

Ventral interior (Fig. 19) with short and thickened dental plates supporting 
cyrtomatodont teeth; lateral apical cavities strongly filled in; thin lens of pris 

matic calcite developed in the median part of the valve. Dorsal interior (Fig. 
19) with nearly flat cardinal plate (it is difficult to differentiate inner and outer 

hinge plates); cardinal flanges developed; dorsal foramen not observed; in 
ternal crests of the dental sockets little, high; spiral cones with at least 7 

whorls (not illustrated in Fig. 19). 
Material examined.?Forty-nine articulated specimens from locality BM 

2001-3; 11 articulated specimens from locality BM-2001-5; 82 articulated 

specimens from locality BM-2002-6. 

Measurements.?See Table 3. 

Occurrence.?According to Merriam (1940), Crinisarina angelicoides oc 
curs within the Cyrtospirifer Zone of the Upper Devils Gate Formation (Ne 
vada). In southern Belgium, C. angelicoides is confined to the base of the 
Famenne Group (south and south-eastern borders of the Dinant Synclinorium). 
In Poland, Bali?ski (2002) reported the species within the early Famennian 
from the Cracow area (lower part of the Lower triangularis Zone) and from 
the Holy Cross Mountains. In Alberta (Rocky Mountains), Day (in Whalen 
et al., 2002) mentioned C. cf. C. angelicoides in the basal Famennian (Sas 
senach Formation). More recently, Bali?ski (in Gischler et al., 2004) cited its 

presence in the Famennian {triangularis and marginifera zones) from the Harz 

Mountains (Germany). However, some specimens such as that figured (Bal 
i?ski in Gischler et al., 2004, pi. 1, fig. 6) are sharply dorsibiconvex, which 

brings them to the forms placed in Athyris; moreover, the typical ornamen 

tation of Crinisarina is not observable. 

Discussion.?Most of the specimens identified by Gosselet 

(1877) as Spirigera reticulata var. gibbosa are placed in C. an 

gelicoides in this paper. The latter differs from C reticulata by 
the outline of its tongue and its globose appearance. 

Crinisarina stainbrooki new name 

Figures 20, 21, 22 

Cleiothyridina reticulata Stainbrook, 1947, p. 326, pi. 45, figs. 31-35; 
Johnson, Reso, and Stephens, 1969, p. 1362, text-fig. 5, pi. 159, figs. 
1-26. 

Crinisarina reticulata Cooper and Dutro, 1982, p. 92, pi. 26, figs. 31-51, 

pi. 45, figs. 1-15; Alvarez and Rong, 2002, p. 1510, pi. 1025, fig. 
4a-k [copy of Cooper and Dutro (1982, pi. 26, figs. 42-45, pi. 45, figs. 4, 
5, 7, 8, 15)]. 

Description.?Shell of normal size for the genus, reaching 23.9 mm in 

width, generally wider than long (VV7L: 0.98-1.33), dorsibiconvex to ventri 
biconvex (Tv/Td: 0.84-1.30), rounded subpentagonal in outline; anterior mar 

gin variably emarginate; anterior commissure uniplicate to slightly parasul 
cate. Ventral valve regularly convex in lateral profile; in posterior view, upper 
surface draws the upper part of a trapezium whose flanks slope moderately 
towards lateral commissures; umbo prominent; beak curved; foramen per 

mesothyrid; sulcus wide at front (Ws/W: 0.40-0.69), shallow to moderately 
deep, originating in the posterior half of the valve, never defined by crests 

(its lateral boundaries are generally vague, except in the case of slightly par 
asulcate shells, bottom flattened to rounded at the front; tongue moderately 
high to high; posterior and apical angles between 102?-114? and 95?-105?, 

respectively; palintropes well-developed and concave. Dorsal valve with up 
per surface dome-shaped (median part sometimes raised by the fold); flanks 

sloping moderately towards lateral commissures; maximal height at about 
midvalve and then decreasing progressively towards the front; fold originating 
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Figure 77?Crinisarina reticulata. Scatter diagrams of shell width to shell 

length, shell width to shell thickness; frequency diagrams of W/L, Ws/W, 
and T/W. Arrows = means. For abbreviations, see text. 

a little behind the midvalve and never bounded by lateral grooves, low to 

moderately high, with its top rounded to flattened at the front. Ornamentation 
similar to that of Crinisarina reticulata (see above; Fig. 20.11). 

Ventral interior (Fig. 21) with thin, short dental plates converging dorsally 
and supporting cyrtomatodont teeth; small lateral apical cavities slightly filled. 

Dorsal interior (Fig. 21) with conjunct, weakly concave ventrally to nearly 
flat inner hinge plates; outer hinge plates flat; cardinal flanges developed; 
internal crests of the dental sockets well-developed; myophragm very short 

(only seen in the section taken at 1.5 mm taken from the ventral umbo); only 
some fragments of spiral cones observed. 

Etymology.?In honor of Dr. Merrill A. Stainbrook (1897-1956). 

Types.?Same as those of Cleiothyridina reticulata Stainbrook, 1947; ho 

lotype: USNM 135248 [in Stainbrook (1947, pi. 45, figs. 31, 32, 35)]; figured 
paratype: USNM 135249 [in Stainbrook (1947, pi. 45, figs. 33, 34)], plus the 
unillustrated paratypes and labelled M.A.S. 1588 which are housed also at the 
USNM. 

The type horizon and type locality are the "Percha shale" and the "South 
of east entrance of Rhodes' Pass, San Andres Mts, New Mexico," respectively 
(Stainbrook, 1947, p. 327). According to Johnson et al. (1969), the brachiopod 
fauna from the lithostratigraphic level identified as the Percha Shale by .Stain 
brook (1947) has nothing in common with the one occurring in the locality 
of Hillsboro which characterizes the Box Member of the Percha Shale and 
would indicate an older age. According to Cooper and Dutro (1982), Stain 
brook's specimens originate from the Rhodes Canyon Formation and not from 
the Percha Shale, which was not identified in this area of New Mexico (see 
below). 

Other material examined.?Sixteen articulated specimens from locality 
BM-2001-2; 30 articulated specimens from locality BM-2001-3; 63 articulated 

specimens from locality BM-2001-5; 102 articulated specimens from locality 

BM-2002-1; 107 articulated specimens from locality BM-2002-6; 52 articu 

lated specimens from locality BM-2003-2. 

Measurements.?See Figure 22. 

Occurrence.?In southern Belgium, C. stainbrooki occurs at the base of 

the Famenne Group (south and southeastern borders of the Dinant Synclinor 
ium) as well as in the Famennian part of the Lambermont Formation (northern 

border of the Dinant Synclinorium and Vesdre area). Crinisarina stainbrooki 
is reported in New Mexico within the Thoroughgood and Rhodes Canyon 
formations by Cooper and Dutro (1982). Following the revision by Sorauf 

(1984), both formations are considered as the middle and upper members of 
the Contadero Formation and have been named the Thurgood Sandstone 

Member and the Rhodes Canyon Member respectively [see also Day (1998)]; 
these latter are placed in the triangularis Zone. Johnson et al. (1969) reported 
the species within the West Range Limestone (Nevada). 

Discussion.?As discussed previously in the paragraph related 

to the taxonomic position and the content of Spirigera reticulata 

Gosselet, 1877, Crinisarina reticulata (Stainbrook, 1947) is a sec 

ondary homonym of Gosselet's species as revised earlier. So, a 

new name is proposed, namely Crinisarina stainbrooki nom. nov. 

It turns out that the species defined by Stainbrook is also present 
in the Famennian of southern Belgium. There are no significant 
differences between the North American and Belgian specimens 
which would justify the erection of several subspecies. The Bel 

gian material identified as C. stainbrooki includes the specimens 

assigned to Spirigera reticulata var. depressa by Gosselet (1877) 
as well as some of those included in the variety gibbosa. 

The characters that distinguish C. stainbrooki from C. retic 

ulata have been stated previously (see the discussion concerning 
C. reticulata). Crinisarina stainbrooki differs from C. angelicoi 
des by its less globular appearance, its less developed tongue, and 

its uniplicate to slightly parasulcate anterior commissure. 

DISCUSSION 

Ecology.?The strophomenids studied in this paper are char 

acteristic of an environment with relatively low water energy (es 

sentially argillaceous) and low- to moderate-diversity faunas (e.g., 

brachiopods, corals). The external shape of their shell is conspic 

uously variable: planoconvex to concavoconvex (Douvillina 

area), planoconvex but almost flat (Nervostrophia (N.) cf. latis 

sima), concavoconvex (D. dutertrei), geniculate and strongly re 

supinate (Retrorstrophia retrorsa), slightly resupinate (Gamphal 
osia sp.). All these morphologies are well-adapted to soft 

fine-grained substrates. Thayer (1974) compared this morphology 
with snowshoes that prevented the shell from sinking into the 
sediment. According to Rudwick (1970), they would have been 
able to lift back if they were too deeply buried by a snapping 
action of the valves. Their shells are generally mucronate; these 

muerons (up to 10 mm in R. retrorsa) may have provided an 

additional support. Bas sett (1984) suggested that genera charac 
terized by strongly geniculate shells would have lived entirely 

within the sediment with no need to snap to the surface periodi 

cally; a similar mode of life probably applied to R. retrorsa and 

to Nervostrophia (Ailostrophial) sp. The encrusting species 
Schuchertellopsis (S.) durbutensis ranks among the epizoans of 

the large cyrtospiriferid brachiopods occurring in the Bar vaux 
Formation with Petrocrania, Aulopora, and spiral worm tubes. It 

lived attached ventrally, close to the anterior margins on either 

the dorsal or ventral valve of its host (Long and Brunton, 2005) 
but without simulating the ornamentation of the latter. The pres 
ence of a small cementation cicatrix and koskinoid perforations 
in the ventral umbo of Floweria pseudoelegans attest to at least 

temporary fixation to a hard substrate. The koskinoid structure as 

defined by Jux and Strauch (1966) has been generally interpreted 
as the trace of a fixation system (Schumann, 1969; Mart?nez 

Chac?n and Garc?a-Alcalde, 1978; Grant, 1980), although Wil 
liams and Brunton (1993), after careful examination using scan 

ning microscopy of the shell structure of the ventral valve of some 

orthotetidine brachiopods, suggested a parasitic nature for these 

perforations. The small size of the cicatrix seen in F. pseudo 

elegans may indicate that the shell was cemented only during 
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Figure 18?1-19, Crinisarina angelicoides from Famenne Group ("Senzeille Formation"): 1-5, ventral, dorsal, lateral, posterior, and anterior views of 
IRScNB al2273 (Senzeille 6839b/PS); 6-10, 19, ventral, dorsal, lateral, posterior, and anterior views of IRScNB al2274 (Senzeille 6839b/PS) and detail of 

ornament (spines are broken) on dorsal valve; 11-15, ventral, dorsal, lateral, posterior, and anterior views of IRScNB al2276 (Senzeille 6839b/PS); 16-17, 
ventral and anterior views of IRScNB (BM-2001-3); 18, anterior view of IRScNB al2279 (BM-2001-3). 16-17, 18, Xl.5; 19, X15; others, X2. 

early stages, as supposed by Bassett (1984) for some Silurian 

strophomenids. Muir-Wood and Cooper (1960) suggested that 
some Productidina with a cicatrix of attachment were attached 

only in youthful stages until the weight of the growing shell or 
the currents prevented the spat from clinging to the hard substrate. 

An alternative hypothesis is that the fibrils passing through the 

perforations were strong enough to maintain the shell in a stable 

position throughout the life of the animal, as suggested by Grant 
(1980, fig. 4) for Derbya. Some species of Floweria such as F. 

magnacicatrix may have lived fixed for a long time, based on the 

evidence of the large size of the cicatrix with koskinoid perfo 
rations seen in its holotype (USNM 200855), unless it is an ex 

ceptional case. The athyridids described herein were pedunculate 
and attached to the substrate by a thin pedicle which possibly 
rooted into argillaceous sediment, as suggested for Carboniferous 

Cleiothyridininae (Brunton, 1984). 

Biogeography.?Reconstructions of Late Devonian paleoge 

ography (Scotese and McKerrow, 1990; Golonka, 2000) place 
Belgium in a subtropical position on the southeastern margin of 

Laurussia. The mid- and late Frasnian as well as the early Fa 

mennian were intervals of prolonged cosmopolitanism due to the 

connections between the different basins brought about by high 
sea-levels (Johnson et al., 1985). However, on the basis of the 

available data, Schuchertellopsis (S.) and Retrorstrophia seem to 

be restricted to Western Europe, although Williams and Brunton 

(2000) reported, with some doubts, the presence of the former in 
southern North America. Until recently, Crinisarina was only re 

ported within the Famennian of North America. Species of Crin 

isarina have been reported in Iowa (Stainbrook, 1950), Montana 

(Raymond, 1909), Nevada (Merriam, 1940; Johnson et al., 1969), 
New Mexico (Stainbrook, 1947), Alberta (Day in Whalen et al., 
2002), and Alaska (Savage et al., 1978; Dutro et al., 1994). In 
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^ 

5 mm 3.65 
Figure 19?Transverse serial sections of Crinisarina angelicoides. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB al2277 

from locality Senzeille 6839b (Famenne Group: "Senzeille Formation"). Dimensions of specimen: width 14.2 mm; length 14.3 mm; thickness 13.4 mm. 

Figure 20?1-11, Crinisarina stainbrooki new name from Famenne Group ("Senzeille Formation"): 1-5, ventral, dorsal, lateral, posterior, and anterior 
views of IRScNB al2278 (BM-2001-5); 6-11, ventral, dorsal, lateral, posterior, and anterior views of IRScNB al2279 (BM-2003-2) and detail of ornament 
on ventral valve. 11, X15; others, X2. 
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5 mm 

5.3 

Figure 21?Transverse serial sections of Crinisarina stainbrooki. Numbers refer to distances in mm from the top of the ventral umbo; IRScNB al2282 
from locality BM-2001-3 (Famenne Group: "Senzeille Formation"). Dimensions of specimen: width 19.9 mm; length 17.5 mm; thickness 12.4 mm. 

Europe, species of Crinisarina have been mentioned in Poland by 
Bali?ski (1995a, 2002), and in Germany (Wulff, 1923; Bali?ski 
in Gischler et al., 2004), as well as in Belgium and northern 

France (Gosselet, 1888). The genus is present in South Tianshan 

(China) (Chen and Xu, 2000) and maybe in Kerman province 
(Iran), where Dastanpour and Aftabi (2002) mentioned the genus 

Cleiothyridina (perhaps Crinisarina) in the early Famennian. In 
southern Belgium, available data suggest that C. angelicoides and 

C stainbrooki appear nearly at the same time; both species pre 
cede C. reticulata, all three occurring in the triangularis Zone, 

i.e., in the lower part of the Famenne Group ("Senzeille Forma 

tion"). Nevertheless, accurate conodont biostratigraphy is lacking 
for most of the sampled Famennian sections. Linkages of the 

genera recognized in the Namur-Dinant Basin with faunas from 

other areas are discussed below. 

Aftermath of the Frasnian-Famennian mass extinction on the 

orders investigated in southern Belgium.?The late Frasnian mass 

extinction, whose causes are still hotly disputed (e.g., McGhee, 

1996; Racki, 2005), strongly affected the tropical marine faunas 

(e.g., corals, stromatoporoids, conodonts). Of the four families 

(Rafinesquinidae, Leptostrophiidae, Strophodontidae, Douvillini 

dae) included in the superfamily Strophomenoidea, and still flour 

ishing during the Early and Middle Devonian, only the rafines 

quinids persisted into the Famennian, where they were 

represented by the Leptaeninae known from the Ordovician (Llan 
virn) to the Carboniferous ("Namurian") according to Rong and 
Cocks (1994). In the Namur-Dinant Basin, the last Douvillinidae 

(Douvillina area) and Leptostrophiidae (fragmental valves which 
are tentatively assigned to Nervostrophia from the Les Valisettes 

Formation) disappeared in the Upper rhenana Zone (Fig. 23). 
Maillieux (1940, 1941) did not mention rafinesquinids in the Fras 
nian of southern Belgium; their presence in the early Famennian 

is doubtful according to him. Up to now, no strophomenid has 

been recovered in the blackish shales of the highly diachronous 

Matagne Formation (Upper rhenana to linguiformis zones) de 

veloped on the southern flank of the Dinant Synclinorium and in 
the Philippeville Anticlinorium or within the similar facies de 

veloped in the Bar vaux and Lambermont formations, just below 

the Frasnian/Famennian boundary (Fig. 23). 
Among the Orthotetida, Cocks and Garcia-Alcalde (in Brice et 

al., 2000) reported that the Chilidiopsiidae (sic) became extinct 
near the end of the Frasnian, but according to Williams and Brun 

ton (2000), this family had already disappeared during the Middle 
Devonian. The orthotetids are poorly represented in the Frasnian 

formations that have been investigated, and only Schuchertellop 
sis (S.) durbutensis is definitely identified. Some badly preserved 
and unidentified orthotetids were recovered in the Upper rhenana 
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Figure 22?Crinisarina stainbrooki. Scatter diagrams of shell width to 

shell length, shell width to sulcus width, and shell width to shell thickness; 

frequency diagrams of W/L, T/W, and Ws/W. Arrows = means. For abbre 

viations, see text. 

Zone (Les Valisettes and Lambermont formations), but no ortho 

tetid occurs in the linguiformis Zone in southern Belgium. Ac 

cording to Stigall Rode (2005), the genus Floweria did not cross 
the Frasnian/Famennian boundary, but that is challenged by the 

presence of F. pseudoelegans within the lowermost part of the 

Famenne Group of basal Famennian age (Lower (?)/Middle tri 

angularis zones) (Fig. 23). 
Grunt and Racki (1998) have already discussed the conse 

quences of the late Frasnian biological crisis for the athyridids. It 
was responsible for the disappearance of the Plicathyridininae 
(Alvarez, 2003) and Helenathyridinae (Bali?ski, 1995b). Rzhon 

snitskaya and Modzalevskaya (1996) indicated that representa 
tives of the Plicathyridininae (e.g., Anathyris) were present only 
on the Russian Platform and in the Altai-Sayan Province during 
the Frasnian; however, the genus Anathyris is still reported in the 

Moulin Li?naux Formation (Ermitage Member; punctata to hassi 

zones) in southern Belgium (Maillieux, 1940). According to Al 
varez and Modzalevskaya (2001), the turnover rate among the 

Athyridida reached a peak during the Famennian, notably with 
the appearance of the Cleiothyridininae, whereas the Eifelian 

Frasnian interval recorded a sharp decline of their origination rate. 

Nevertheless, the first appearance of the Cleiothyridininae occurs 

earlier, as Alvarez (1990) reported Cleiothyridina sp. in the late 
Givetian to early Frasnian Portilla Formation in the Cantabrian 
Zone (northwestern Spain), and the genus is reported here in the 
late Frasnian of Belgium. At present, Cleiothyridina davidsoni is 
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Figure 23?Distribution of strophomenids and orthotetids in the Late Fras 

nian and in the Early Famennian of the Namur-Dinant Basin. Abbreviations: 

FA, Famennian; Fm, Formation; PA, Philippe ville Anticlinorium; SBDS, 
southern border of the Dinant Synclinorium. 

the only known brachiopod species to cross the Frasnian/Famen 
nian boundary in the Namur-Dinant Basin and can be categorized 
as a Lazarus taxon. Indeed, this species occurs in the Neuville 

Formation (Lower rhenana Zone) but is absent in the Matagne 
Les Valisettes interval (Upper rhenana and linguiformis zones), 
before reappearing within the lower part of the Famenne Group 
(Lower (?)/Middle triangularis zones). Other Lazarus taxa will 

probably be added when the early Famennian Productida as well 
as the inarticulate brachiopods will have been studied in detail. 

CONCLUSIONS 

This study, mainly based on new collections of material, sub 

stantially improves our knowledge of the diversity and strati 

graphic distribution of strophomenid and orthotetid brachiopods 
occurring in the late middle Frasnian to the early Famennian (has 
si to triangularis conodont zones) of the Namur-Dinant Basin 

(southern Belgium). In this area, the last Frasnian strophomenids 

disappeared in the Upper rhenana Zone, well below the Frasnian/ 

Famennian boundary. Moreover, the revision of the early Famen 

nian representatives of the subfamily Cleiothyridininae {Cleioth 
yridina and Crinisarina) from the Namur-Dinant Basin gave 
prominence to the significant role played by these athyridids in 
the post-extinction recovery together with spiriferids and rhyn 
chonellids during the triangularis Zone. 
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