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Oldest mickwitziid brachiopod from the Terreneuvian 
of southern France

LÉA DEVAERE, LARS HOLMER, SÉBASTIEN CLAUSEN, and DANIEL VACHARD

Devaere, L., Holmer, L., Clausen, S., and Vachard, D. 2015. Oldest mickwitziid brachiopod from the Terreneuvian of 
southern France. Acta Palaeontologica Polonica 60 (3): 755–768.

Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov., originally described as Dictyonina? sp., from the 
Terreneuvian of northern Montagne Noire (France) is re-interpreted as the oldest relative to or member of mickwitziid- 
like stem-group brachiopods. We extracted 170 partial to complete phosphatic internal moulds of two types of adult 
and one type of juvenile disarticulated valves, rarely externally coated with phosphates, from the calcareous Heraultia 
Member of the Marcou Formation. They correspond to microbially infested, ventribiconvex, inequivalved, bivalved 
shells. The ventral interarea is bisected by a triangular sinus. The shell, most probably dominantly organic in origin, is 
orthogonally pierced throughout its entire thickness by radially-aligned, smooth-walled, cylindrical to hour-glass shaped 
canals except for the sub-apical planar field (interarea). The through-going canals of K. marcouensis are compared with 
brachiopods endopunctae and with canals of mickwitziid brachiopods. The absence of striations on K. marcouensis 
canal walls, typical of mickwitziids, implies that (i) the tubes could have been depleted of setae or; (ii) traces of the 
microvilli were not preserved on the tube wall (taphonomic bias) or, (iii) the tubes could have been associated with an 
outer epithelial follicle.
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Introduction
The paterinate brachiopods Aldanotreta Pelman, 1977 and 
Cryptotreta Pelman, 1977 from the early Tommotian of Si-
beria have for a long time represented the earliest strati-
graphical record of the phylum (Laurie 2000; Ushatinskaya 
2008). These records were only recently challenged by new 
chemostratigraphical re-interpretation of Mongolian records 
of the very problematic, but superficially brachiopod-like 
Khasagtina Ushatinskaya, 1987 as Nemakit-Daldynian in 
age (Kouchinsky et al. 2010; Maloof et al. 2010; see also 
Popov and Williams 2000), but there are no other well- 
established Terreneuvian records of brachiopod-like forms; 
the first records of undoubted linguliform and rhynchonel-
liform brachiopods are from the Atdabanian (Holmer and 
Popov 1996; Popov et al. 1996; Ushatinskaya 2008).

The brachiopods from the lower Cambrian Heraultia 
Limestone were first monographically described by Kerber 

(1988) and include two supposed paterinates Paterina sp. 
and Dictyonina? sp. New abundant material of the latter spe-
cies—here described as Kerberellus marcouensis Devaere, 
Holmer, and Clausen gen. et sp. nov.—clearly shows that it 
does not share any characters with the paterinate brachio-
pods, but the pustulose ornamentation and punctate shell 
structure indicate affinity with the mickwitziids, which have 
been referred to the stem of the Brachiopoda (e.g., Holmer 
et al. 2002; Skovsted and Holmer 2003; Balthasar 2004; 
Holmer and Popov 2007).

The newly established Tommotian age (Cambrian Stage 
2) of the upper Heraultia Limestone indicates that K. mar-
couensis is one of the oldest members of the phylum and it 
represents the oldest record of the mickwitziids, which are 
otherwise known from the Atdabanian–Toyonian interval 
(Holmer and Popov 2007).

Institutional abbreviations.—USTL, palaeontological col-
lections of the University Lille 1, Villeneuve d’Ascq, France.
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Geological setting
The Montagne Noire is the southernmost extremity of the 
Massif Central (Fig. 1A). This Variscan massif is surround-
ed by uppermost Carboniferous and other later post-orogen-
ic sediments. The Montagne Noire is subdivided into three 
main structural domains (Bergeron 1887; Gèze 1949; Fig. 
1B): (i) a metamorphic Axial Zone (Demange 1998), bor-
dered by (ii) a southern flank, including lower Cambrian to 
Carboniferous rocks, and (iii) a northern flank, involving low-

er Cambrian to Silurian strata arranged in imbricate thrust 
slices (Guérangé-Lozes and Burg 1990). Five major tectonon-
ostratigraphic units compose the eastern part of the north-
ern flank (called Lacaune Mountains), from SE to NW: the 
Avène-Mendic parautochthon (where the outcrops yielding 
Kerberellus are located; Fig. 1C) and the Mélagues, Brusque, 
Merdellou, and Barre-Peux-Mounes slices (Fig. 1B).

Recently, Álvaro et al. (2014) made a complete revision of 
the lithostratigraphic units and volcanic complexes of northern 
Montagne Noire. The succession of the Avène-Mendic parau-
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Fig. 1. Geological features of the Montagne Noire (modified from Clausen and Álvaro 2007; Devaere et al. 2013; and Álvaro et al. 2014). A. Location of 
the Massif Central and the Montagne Noire in France. B. Structural sketch of the Montagne Noire. C. Geological sketch of the Avène-Mendic parautoch-
thon with location of the sections (asterisks) yielding Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. D. Litho- and chronostrati-
graphic setting of the Avène-Mendic Unit (after Devaere et al. 2013), the section is interupted by a thrust contact with the Mélagues slice (symbolized by 
the arrow in the upper part of the log).

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



DEVAERE ET AL.—OLDEST MICKWITZIID BRACHIOPOD 757

tochthon consists of a volcanosedimentary complex (Fig. 1D) 
followed by a progressive onset of carbonate productivity 
named the Marcou Formation by Álvaro et al. (2014). Three 
distinct members can be recognised in this carbonate-domi-
nated succession: (i) shale/dolostone alternations, (ii) a dolo-
mitic masse, (iii) thin- to medium-bedded bioclastic limestone 
rich in phosphatic hardgrounds, hardground-derived clasts 
and phosphatised skeletons called the Heraultia Limestone 
Member. The cyclic deposition of the Heraultia Limestone 
took place in a stable inner shelf to an unstable slope-to-ba-
sin seafloor (Clausen and Álvaro 2007; Álvaro and Clausen 
2010). Described phosphogenesis was primarily mediated by 
microbial activity (Álvaro and Clausen 2010; Devaere et al. 
2014). It contains an abundant skeletal microfauna (helcio-
nellids, ?polyplacophors, problematic molluscs, orthothecid 
hyoliths, problematic tubes, and some problematica), Terre-
neuvian in age (Nemakit–Daldynian to Tommotian of the 
Siberian Chart; Devaere et al. 2013) based on the presence of 
Oelandiella korobkovi Vostokova, 1962, Xianfengella prima 
He and Yang, 1982, Siphogonuchites triangularis Qian, 1977, 
Halkieria operculus (Qian, 1984), Lomasulcachites macrus 
Qian and Jiang in Luo et al., 1982, Paragloborilus subglobo-
sus Qian, 1977, Pseudorthotheca acuticincta Cobbold, 1935, 
Paracarinachites sinensis Qian and Jiang in Luo et al., 1982, 
Protoconus orolgainicus (Zhegallo in Esakova and Zhegallo, 
1996) and Purella gracilis (Zhegallo in Voronin et al., 1982), 
and which includes the specimen described herein.

Material and methods
In total, 170 phosphatic partial to complete internal moulds 
of disarticulated valves of the newly defined species Ker-
berellus marcouensis Devaere, Holmer, and Clausen gen. et 
sp. nov., seven of which with completely to partially pre-
served external coating, were recovered from the abundant 
and diverse phosphatic microfauna of the Heraultia Lime-
stone, previously described by Cobbold (1935) and Kerber 
(1988), and recently revised by Devaere et al. (2013). Three of 
the four studied field-sections have yielded specimens of the 
species studied herein: K2 (samples K2/3b, K2/3M2, K2/4b, 
K2/4s, and K2/6) and K3 (samples K3B/2?, K3T/2c, K3T/2d, 
K3T/2e, K3T/3a, K3T/4a, and K3T/4b) in the vicinity of Mar-
cou village, northwards to Saint Geniès-de-Varensal and K5 
(sample K5/19), along the right margin of the Buissou river, 
close to a fish farm of Saint-Geniès-de-Varensal (for detailed 
information and sample repartition in the section, see Devaere 
et al. 2013). The phosphatised specimens, preserved as inter-
nal and/or external moulds, were extracted by ca. 10% acetic 
acid treatment of the limestone samples. They were picked 
from residues under a stereo-microscope, then studied with a 
Zeiss Supra 40 VP Scanning Electron Microscope at the Freie 
Universität Berlin, Zeiss Supra 35 VP Scanning Electron Mi-
croscope at the University of Uppsala and a FEI Quanta 200 
at the University Lille 1. Figured specimens are housed in the 
palaeontological collections of the University Lille 1. The 
terminology used herein follows Williams et al. (1997).

Systematic palaeontology
(Devaere, Holmer, and Clausen)

Incertae sedis
Organophosphatic, bivalved stem-group brachiopods
Mickwitziids [incl. the family Mickwitziidae 
Gorjansky, 1969]
Remarks.—We follow the practice by Holmer and Popov 
(2007: 2581) in recognising the informal grouping of mick-
witziid-like stem-group brachiopods, pending further de-
tailed phylogenetic study.

Genus Kerberellus Devaere, Holmer, and Clausen nov.
Etymology: In honour of Martin Kerber, palaeontologist, who furnished 
the first intensive study of the Heraultia Limestone.
Type species: Kerberellus marcouensis Devaere, Holmer, and Clausen 
sp. nov., see below; monotypic.

Diagnosis.—As for type species (by monotypy).
Stratigraphic and geographic range.—As for type species.

Kerberellus marcouensis Devaere, Holmer, and 
Clausen sp. nov.
Figs. 2–8.

Etymology: From the village of Marcou, the type locality.
Type material: Holotype: ventral valve USTL1234-5 (Fig. 4B), sample 
K3T/2e. Paratypes: ventral valve with external coating USTL2856-3 
(Fig. 2C), dorsal valves: USTL2856-6 (Fig. 6A), USTL2860-5 (with 
external coating, Fig. 6B), USTL2856-1 (juvenile form, Fig. 8B), sam-
ple K2/4s.
Type locality: K3 section, along D52 road, north to the village of Mar-
cou, Hérault, France.
Type horizon: Heraultia Member, Marcou Formation, Cambrian Stage 
2 (Watsonella crosbyi–Oelandiella korobkovi Zone).

Material.—170 phosphatic partial to complete internal 
moulds including figured specimens: USTL1231-6, 1232-1, 
1232-3–5, 1261-12, 2856-1, 2856-3, 2856-5, 2856-6, 2857-
1, 2857-6, 2857-8, 2858-1, 2858-2, 2858-4, 2859-2–7, 2860-
2, 2860-4–6, 2861-6, and 2862-1.
Diagnosis.—Ventribiconvex and inequivalved bivalved shell 
ovate to subcircular in outline. Radially-aligned, smooth, cy-
lindrical to hour-glass shaped canals running orthogonally 
throughout entire thickness and surface of the valves except 
for the sub-apical planar field (interarea) which lacks per-
forations. Mixoperipheral growth of both valves. External 
surface of the shell with radial and possibly comarginal wavy 
ornamentations, sometimes pustulose. High conical ventral 
valve with subcentral to submarginal apex possibly curved 
over the posterior margin. Ventral interarea apsacline to cat-
acline. Low conical dorsal valve with marginal apex, dorsal 
interarea catacline to anacline.
Description.—The bivalved, bilaterally symmetrical shell 
(median plane normal to the commissure) is ventribiconvex 
and inequivalved, ovate to subcircular in outline. It is com-
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posed of a high conical ventral valve (height/diameter ratio 
up to 1/2) and a low conical dorsal valve (height/diameter 
ratio up to 4/5).

Some specimens exhibit a phosphatic external coating 
which mimics the external surface of the shell (Fig. 2). In 

most cases, this latter displays radial wavy costate ornamen-
tation: the furrows correspond to rows of radial structures in-
terpreted herein as coated and filled canals (or tubes accord-
ing to Balthasar 2004; Skovsted and Holmer 2003; Skovsted 
et al. 2010; see below) alternating with ridges (Fig. 2A). 

Fig. 2. Mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia Member, Montagne Noire 
(southern France). A. USTL2859-7; A1, external view of a ventral valve; A2, detail of A1, anterior marginal area with partially preserved external coating; 
A3, anterior view of a ventral valve; A4, detail of A3, external coating organised into radial furrows and ribs alternatively. B. USTL2857-6; B1, lateral view 
of ventral valve with external coating; B2, detail of B1, ridge between radial rows of pores damaged, giving the shell a radial striated pattern; B3, external 
view of ventral valve with external coating; B4, detail of B3, partially preserved external coating with damaged ridge between rows of pores. C. USTL2856-3 
(paratype); C1, external view of a ventral valve; C2, detail of C1, pustulose external mould (costae crossed by comarginal ribs). D. USTL2861-6; D1, posterior 
view of a ventral valve with thick external coating; D2, external view of ventral valve with external coating; D3, detail of D1, phosphatic internal moulds of 
pores running from the internal mould to the external coating. E. USTL1232-3; E1, external view of external mould; E2, detail of E1, sinuous radial costae 
associated with comarginal ribs; E3, lateral view of external mould; E4, detail of E3, external mould with ridges damaged.
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The summit of the ridges of the external-coating is generally 
damaged (Fig. 2E3, E4), resulting in sections appearing as a 
radial, striated pattern (Fig. 2B). On some specimens, the 
costae are crossed by comarginal ribs and the external mould 
exhibits low rounded pustules at the intersection between 
costae and ribs (Figs. 2C, E). The radial costae have a sinuous 
appearance when associated with comarginal ribs (Fig. 2E). 
In thick external coatings, the external, wavy, radial structure 
is no longer visible (Fig. 2D).

All internal moulds of valves exhibit radially-aligned ex-
tensions (30 to 65 μm in diameter; Fig. 3A1, B1, G1, H1, K1) 
oriented perpendicular to their surface (inner shell surface; 
Fig. 2D3). Such structures are interpreted herein as preserved 
tubes (canals) piercing the shell. Canals are cylindrical to 
hour-glass shaped in lateral view (Figs. 3A2, B2, K2, 5E2, 
8C6) with circular to rarely almost polygonal (taphonomic?) 
outer, transverse section (Figs. 3A2, 5B1, 7A2). Their lateral 
surfaces are smooth (Figs. 3A2, B2, I2, I3, K2, 5E2, 8C6). They 
are preserved as phosphatic peripheral coating (Fig. 3H2–J2) 
which is most often massively filled (Fig. 3K2), even if in 
some areas the tubes are partly hollow (Fig. 3H2). The pe-
ripheral coating of the canals is variably thick (Fig. 3H2, I2, 
I3, J2). Massive moulds of the canals have a concave outer ex-
tremity (Figs. 3A2, 5E2). The rows of canals extend from the 
apex to the apertural margin (Figs. 4A1, B1, 5B1, C1, D1, 6A1, 
7A1, D1, E1). During growth, new rows are inserted distally 
between previous ones (lower arrows in Figs. 4A2, C2, 7A2).

27 of the 47 identifiable valves are ventral (Figs. 4, 5). In 
ventral view, the ventral valves are oval, either wider than long 
(Figs. 4B1, C1, 5C1, E1) or longer than wide (Figs. 4A1, 5B1) to 
circular in outline (Fig. 5A1, D1). In lateral view, the ventral 
valves are strongly conical to pyramidal (Figs. 4A6, B2, C3, 
5A2, C4, D3) with the lateral faces almost planar. The apertural 
surface is planar to slightly convex. No clue of a differentiated 
juvenile shell is observed (Fig. 4A2, C2). The ventral apex is 
submarginal and sometimes curved over the posterior margin 
(Figs. 4A3–A6, B2, C3, 5A3, B2). In some specimens, rows of 
canals are laterally offset from a line crossing the ventral apex 
down to half way to the anterior commissure; this strip, which 
is depleted of canals, is sometimes underlined by a shallow 
furrow on the internal mould (median low-keel in the shell; 
upper arrows in Figs. 4A2, C2, 5F). In other specimens, closely 
arranged radial rows of canals go up to the apex and some 
pairs of apical canals are almost joined together at their inner 
extremity (Fig. 5E1–E3). The ventral posterior margin varies 
from rectilinear (Fig. 4A1–C1) to obtuse-angled (sometimes 
re-entrant, with lateral lobate extremities; Fig. 5A1–E1) in 
upper view. The ventral interarea is devoid of canals (Figs. 
4A3, A4, B3, C3, 5A2, A3, B2, C2, C3, D2, D4, F1) and its internal 
mould generally exhibits a triangular depression below the 
apex (Figs. 4C3, 5A3, C3) rarely duplicated by a posterior 
prominent extension (Figs. 4B2, 5D4). The ventral interarea 
is apsacline to catacline. In some specimens, its commissural 
margin is notched by an angular sinus located below the apex 
(Fig. 4A3, B3, C3) or is almost rectilinear (Fig. 5A2, C2, D2, F). 
The growth of the ventral valve is mixoperipheral.

The dorsal valves correspond to 17 of the 47 identifiable 
valves. They are oval (Figs. 6A1, B1, 7A1, E1) to subcircular 
(Fig. 7B1–D1) in dorsal view. The oval forms are either lon-
ger than wide (Fig. 6B1) or wider than long (Figs. 6A1, 7A1, 
E1). In lateral view, the valves are almost planar (Figs. 6A3, 
7A4, B2, B4, E2) to very low conical (Figs. 6B2, 7C3, D3). The 
apex is marginal (Figs. 6A6, B2, 7A3, B4, D3, E4). No trace of 
differentiated juvenile shell is identified (Figs. 6A2, 7A2, E3). 
The posterior margin varies from rectilinear (Fig. 7B1, C2, D1, 
E1) to acute in upper view, the left and right extremities of the 
posterior margin being displaced posteriorly (Figs. 6A1, B1, 
B6, 7A1). The interarea shows a median, subapical sinus that 
notches the interarea commissural margin (Figs. 6A4, A5, B4, 
B6, 7A3, C3, C4, D3, E3). The interarea is sometimes stepped 
with a shelf-like subapical part (Fig. 8D2–D4) and a posterior, 
poorly defined, catacline to anacline part. The growth is mix-
operipheral but the subapical growth is very limited.

Three out of the 47 identifiable valves, corresponding to 
smaller specimens (half of the mean size of shells; Fig. 8), 
have a smaller number of relatively larger canals (compared 
to their general size). They may represent juvenile specimens 
of dorsal valves based on their planar shape (Fig. 8A6, B6, B7) 
and the interarea commissural margin sinus (Fig. 8A2, B4, 
C2, C4). The apex is subcentral (Fig. 8A1) to marginal (Fig. 
8B1, C1). Their interarea is hypercline. In specimens with 
subcentral apex, the subapical field is organised into a shelf 
(Fig. 8A1–A4). In the other specimens, the interarea exhibits 
a step-like structure (Fig. 8B2, B3, C2–C4).
Remarks.—The ontogeny of K. marcouensis can be inferred 
from the juvenile (Fig. 8A) and intermediate forms (Figs. 
7D, 8B, C). The juvenile specimens of dorsal valves exhibit 
a hypercline interarea forming a subapical shelf (Fig. 8A1–
A5). During growth, the interarea develops a distal catacline 
portion (Fig. 8C2–C4, C6) which results in a stepped subapical 
field (Fig. 8B2–B4). In adult specimens, the interarea be-
comes apsacline but generally retains traces of the step-like 
structure (Fig. 7D2–D4).

This species was originally described by Kerber (1988) 
under open nomenclature as Dictyonina? sp. Species of the 
Cambrian paterinate brachiopod Dictyonina are character-
ised by having fine radiating rows of subhexagonal pits, in-
creasing in size distally (see Laurie 2000: 152). Kerber (1988) 
interpreted the radial structures in the present specimens as 
representing moulds of the radiating rows of subhexagonal 
pits in Dictyonina. However, Dictyonina and Kerberellus 
only share superficial similarities. Kerberellus is character-
ised by large radial ovoid, hour-glass shaped extensions of 
taphonomic origin which are interpreted herein as tubes (ca-
nals) or punctae running through a thick organic shell (see 
below) whereas the fine radiating rows in Dictyonina cor-
respond to subhexagonal pits in the organophosphatic shell. 
Moreover, in Dictyonina the thin shell is densely depressed 
(net-like) and walls of adjacent depressions are contiguous. 
In Kerberellus, canals are separated by relatively large shell 
areas. Finally, the smooth, integral subapical area of Kerber-
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ellus is most probably a clue of the absence of deltidial plates 
whereas the paterinid Dictyonina has a homeodeltidium.

Khasagtina primaria Ushatinskaya, 1987 is superficially 
similar to K. marcouensis although the former exhibits an 
apical foramen on ventral valves and lacks the canals ex-
tending through the shell of the latter (but the preservation 
and low number of specimens may bias these observations). 
Both species exhibit radial costae but K. primaria lacks the 

comarginal ribs observed in K. marcouensis. The interarea 
of the ventral valves of K. primaria are apsacline as in K. 
marcouensis (although it is catacline in some specimens) 
and they both exhibit obtuse-angled, re-entrant, posterior 
margins with lateral lobate extremities. However, the ventral 
interarea of K. primaria exhibits traces of pseudodeltidium 
the presence of which cannot be demonstrated in K. mar-
couensis. The dorsal catacline interarea of both species is 
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Fig. 3. Preservation of mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia Member, Mon-
tagne Noire (southern France). A. USTL1232-1; A1, oblique lateral view of dorsal valve; A2, detail of A1, tubes with smooth uniseriate microbial filaments. 
B. USTL2856-5; B1, posterior view of ventral valve; B2, detail of B1, smooth uniseriate microbial filaments at the top of the tubes (beneath the original 
shell surface). C. USTL2859-5; C1, microbial filaments; C2, detail of C1, packed angular to spheroid phosphatic grains constituting the microbial filaments. 
D. USTL2859-7; D1, lateral view of ventral valve, arrow pointing D2; D2, detail of D1, branching microbial filaments. E. USTL2860-2; E1, lateral view 
of ventral valve; E2, posterior view of ventral valve; E3, detail of E2, interarea intensively colonised with euendolithic microorganisms. F. USTL1231-6; 
F1, brocken specimen; F2, detail of F1, porosity in the loose organisation of the phosphatic clusters of internal moulds. G. USTL2862-1; G1. External view 
of unidentified valve; G2, detail of G1, thin and smooth microbial biofilm corresponding to the amalgamation of angular to spheroid phosphatic bodies 
coating the internal surface of the original shell; G3, microbial filament and tube constituted of similar packed angular to spheroid phosphatic grains. 
H. USTL1232-4; H1, lateral view of dorsal valve; H2, detail of H1, hollow tube, the preservation of which corresponds to a thin microbial film coating the 
internal part of what corresponded to a pore. I. USTL2858-1; I1, external view of dorsal valve; I2, detail of I1, hollow tube, the preservation corresponds 
to a thick microbial film coating the internal part of what corresponded to a pore; I3, partly filled tube. J. USTL2859-7; J1, lateral view of ventral valve; 
J2. Detail of J1, apatite infill at base of tube. K. USTL2856-1 (paratype); K1, oblique anterior view of dorsal valve; K2, detail of K1, smooth lateral surface 
of tubes an d microbial filament running between tubes.

Fig. 4. Ventral valve of mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia Member, Mon-
tagne Noire (southern France). A. USTL2859-6; A1, external view; A2, detail of A1, apical area, upper arrow pointing median furrow crossing internal mould 
of apex, lower arrow pointing new row of pores inserted between existing rows; A3, posterior view; A4, detail of A3, interarea with triangular sinus of the 
subapical margin; A5, anterior view. A6. Lateral view of highly conical ventral valve. B. USTL1234-5 (holotype); B1, external view; B2, lateral view of high-
ly conical ventral valve; B4, detail of B2, partially preserved external coating with variable of tubes distal end and long, radial, straight and thin phosphatic 
sheets running from the apex to the anterior margin between rows of radial tubes; B3, posterior view, interarea with triangular sinus of the subapical margin. 
C. USTL2860-6; C1, external view; C2, detail of C1, apical area, upper arrow pointing median furrow crossing internal mould of apex, lower arrow pointing 
new row of pores inserted between existing rows; C3, postero-lateral view, interarea with triangular depression.
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acute (incurved), with the left and right extremities of the 
posterior margin displaced posteriorly.

Massive, taphonomically-controlled extensions seen in 
some internal moulds of K. marcouensis (interpreted as 
filled canals) can be compared with radial rows of tuber-
cles of Psamathopalass amphidoz Liu, 1979. This latter 
species was regarded by Liu (1979) as a possible brachio-
pod although it is too poorly understood to be confidently 
assigned to any phyla according to Williams et al. (1997). 
One of the authors (LEH) restudied the type material of P. 
amphidoz and concluded that it corresponds to a pustulose 
cone lacking brachiopod characters. Therefore, the pustules 
of P. amphidoz clearly differ from the processes described 

in Kerberellus which are not primary structures but tapho-
nomically controlled structures.
Stratigraphic and geographic range.—Heraultia Member, 
Marcou Formation, Cambrian Stage 2 (Watsonella cros-
byi–Oelandiella korobkovi Zone), proximity of the villag-
es of Marcou (K2, K3) and Saint-Geniès-de-Varensal (K5), 
Hérault, France.

Preservation and shell structure
The specimens are preserved as phosphatic coatings and 
moulds of disarticulated valves; therefore, the original 
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Fig. 5. Ventral valve of mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia Member, 
Montagne Noire (southern France). A. USTL2859-5; A1, external view; A2, postero-lateral view; A3, detail of A2, interarea with triangular depression. 
B. USTL2856-5; B1, external view; B2, posterior view, interarea with triangular sinus of the subapical margin. C. USTL2859-3; C1, external view, squared 
area magnified in C2; C2, posterior view; C3, detail of C2, internal mould of interarea with subapical triangular depression; C4, lateral view. D. USTL2858-
4; D1, external view; D2, lateral view; D3, posterior view; D4, detail of D3, interarea with internal mould of prominent triangular structure. E. USTL2858-1; 
E1, external view; E2, detail of E1, apical area, pair of closely spaced tubes at the apex; E3, detail of E1, posterior area, pair of closely spaced tubes at the 
apex. F. USTL2859-4; posterior view, arrow pointing median furrow crossing internal mould of apex.
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structure of the shell is no longer observable. The original 
chemical composition of the shell might have been largely 
organic with possible phosphatic mineralisation as inferred 
by Skovsted and Holmer (2003) and Skovsted et al. (2010) 
for the mickwitziid Setatella significans Skovsted, Streng, 
Knight, and Holmer, 2010. However, a partly calcare-
ous composition (the calcareous material then dissolved 
during acetic acid treatment) cannot be ruled out (see also 
Skovsted and Holmer 2003: fig. 3). The organic or poorly 
mineralised material would have been coated and filled by 
phosphatic material prior to decay (Fig. 9); and the tubular 
structures in Kerberellus may represent the outer coating 
and infill of tubular walls or canals (cf. Skovsted and Hol-
mer 2003: fig. 14). The preservation of the filling of di-
gestive tracts in orthothecid hyoliths co-occurring in some 
levels with K. marcouensis (K2/4b, K2/4s, K2/6, K3T/2c, 
K3T/2e, K3T/4a, K3T/4b, and K5/19) argues for an early 
microbially mediated phosphatisation (Devaere et al. 2014) 
compatible with a phosphatic coating and infill of a mostly 
organic-walled shell. Most of the fossils extracted from the 
Heraultia Limestone consist of phosphatic internal moulds, 
which, in most cases, prevent any probing observation of 
the internal coating of the shell (Devaere et al. 2013). The 
recovered material from the Heraultia Limestone does not 
include original phosphatic remains. Original calcareous 
shell material is generally visible in thin sections, most of-
ten recrystallised. However, available thin sections do not 
include specimens of Kerberellus which are relatively rare 
in the preserved assemblage. Although phosphatic internal 

mould and coating are common in the Heraultia Limestone, 
phosphatic replacement of the original shell is rarely ob-
served (Clausen and Álvaro 2007). Rare cases of limited 
phosphate replacement of calcareous hyolith shells have 
been reported by Clausen and Álvaro (2007: fig. 5). Phos-
phatised shell material, even to some degrees, has not been 
recovered in K. marcouensis which is preserved as internal 
mould and internal and external phosphate coating. More-
over, the phosphatisation of carbonate shell is generally 
preceded by the dissolution of the carbonate material lead-
ing to its surface natural etching (Balthasar 2008). Such a 
process is accompanied by a replication of the original shell 
microstructure by phosphate (Kouchinsky and Bengston 
2002). The surface of the shell coating of K. marcouensis 
does not exhibit neither traces of original shell dissolution, 
nor shell microstructure replication. This further argues for 
an original organic shell rather than calcareous. Finally, the 
shell of phosphatic brachiopods are organised into alternat-
ing laminations of apatite granules, glycosaminoglycans 
and collagen or chitin (Williams et al. 1997). Very early 
diagenetic remobilisation of original apatite within shell 
laminae can occur and phosphate is sometimes reorganised 
along organic layers that acted as nucleation surfaces for 
apatite cements (Balthasar 2007). Such a process has been 
observed in Setatella significans Skovsted, Streng, Knight, 
and Holmer, 2010 by Skovsted and Holmer (2003) and 
Skovsted et al. (2010) or Mickwitzia muralensis Walcott, 
1913 by Balthasar (2004). In those specimens, transversal 
striations on the walls of orthogonal tubes corresponding to 
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Fig. 6. Dorsal valve of mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia Member, 
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B4, posterior view; B5, postero-lateral view; B6, detail of B5, external coating of interarea with angled posterior margin creating a subapical sinus.
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the secondary phosphate layers are preserved. If a similar 
process occurred in K. marcouensis, comparable transver-
sal striations should be observed on the internal moulds of 
the canals even if the phosphate layers were not preserved. 
Therefore, the absence of phosphate layers and of their trac-
es on the canal moulds of K. marcouensis strengthens the 
interpretation that the shells were not originally phosphatic 
but most probably organic.

The surface of the internal moulds from the Heraultia 
Limestone, including Kerberellus specimens, is infested 
by smooth uniseriate (Fig. 3A2, C1, F2) to dichotomously 

branched (Fig. 3D2) phosphatic filaments (2–50 μm in di-
ameter) attesting for intense microbial activity (Fig. 3A–E). 
Densely distributed phosphatic filaments at the surface of the 
internal moulds (Fig. 3E2, E3) of Kerberellus suggest the shell 
may have been intensively colonised by shell-perforating 
microbial organisms which perforations have been phospha-
tised simultaneously to shell coating (Clausen and Álvaro 
2007; Álvaro and Clausen 2010). The filaments are made of 
packed angular to spheroid phosphatic grains (Fig. 3C, G3). 
The internal surface of the shell is generally coated with a 
relatively thin crust most probably made by amalgamation 
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Fig. 7. Dorsal valve of mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia Member, 
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of angular to spheroid phosphatic, microbial bodies (Fig. 
3G1, G2, I2) or by very thin and smooth crust of phosphate 
corresponding to an early diagenetic coating of the original 
shell (Fig. 3H2, J2). The internal moulds consist of a loose 
network of botryoidal clusters that occlude the cavities inside 
internal coatings of shells (Fig. 3F). The loose organisation 
of the phosphatic clusters induces the presence of porosity 
originally filled with calcite cement (Fig. 3F2). Some speci-
mens also exhibit a phosphatic external coating reproducing 
the external aspect of the original shell. The canal sections 
allow the description of a primary phosphatic coating of the 
shell, followed by an infill by phosphatised lime and debris. 
The phosphatic internal coating extends into the outer coat-
ing of the shell (Fig. 9).

Concluding remarks
Kerberellus marcouensis Devaere, Holmer, and Clausen 
gen. et sp. nov. is herein tentatively assigned to brachiopods. 
Two distinct morphotypes are described which argue for a 
bivalved shell, bilaterally symmetrical with median plane 
normal to commissure. Based on their preservation pattern, 
processes are interpreted herein as secondary infill or inner 
coating of tubes (canals) piercing the entire thickness of the 
shell (Fig. 2D3). They can be compared either to endopunctae 
or pores of brachiopods. An irregular lateral wall and connec-
tions to the exterior of the shell by a brush of nanometer-sized 
tubes in terebratulids (called canopy) or by micrometer-sized 
branching tubes perforating the primary shell layer in craniids 
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Fig. 8. Juvenile specimens of mickwitziid Kerberellus marcouensis Devaere, Holmer, and Clausen gen. et sp. nov. from the Terreneuvian Heraultia 
Member, Montagne Noire (southern France). A. USTL2857-1; A1, external view; A2, detail of A1, apical area and interarea; A3, posterior view; A4, 
postero-lateral view; A5, detail of A4, interarea organised into subapical shelf; A6, antero-lateral view. B. USTL2860-4; B1, external view; B2, posterior 
view; B3, detail of B2, internal mould of interarea, arrow pointing the two close tubes; B4, postero-lateral view; B5, anterior view; B6, B7, lateral views. 
C. USTL2856-1 (paratype); C1, external view; C2, posterior view; C3, detail of C2, internal mould of interarea with step-like structure; C4, postero-lateral 
view; C5, antero-lateral view; C6, detail of C5, long and smooth apical tubes.
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are characteristic of true endopunctae (Pérez-Huerta et al. 
2009). The irregular longitudinal shape rarely observed in the 
canals of K. marcouensis (Fig. 5E2) might be compared with 
endopunctae or precursors to endopunctae. However, the ex-
ternal terminations of the canals of K. marcouensis differ with 
characteristic endopunctae by their direct connection with 
the exterior (Fig. 2D3) differing from the outer connection 
of endopunctae through a network of narrower tubes. Such 
shell penetrating structures are closer to mickwitziid tubes. 
Therefore, K. marcouensis is tentatively interpreted herein 
as a relative or member of the family Mickwitziidae; a group 
of organophosphatic, bivalved stem brachiopods (Holmer et 
al. 2002; Balthasar 2004; Skovsted and Holmer 2003, 2005; 
Skovsted et al. 2009, 2010). The general shape and pustulose 
external surface of Kerberellus valves are similar to those 
of mickwitziids. However, the uneven shape of some rare 
canals of K. marcouensis differs from mickwitziids perfora-
tions. Furthermore, the perforations described in mickwitziids 
are generally much smaller (5 to 25 μm) than the canals of 
the present specimens (30 to 65 μm), which also differ in the 
absence of longitudinal striations. The coating of the surface 
of the shell by coarse apatite deposits possibly obscured any 

such striation if originally present. However, exquisite details 
of the shell surface are preserved in the Heraultia Limestone, 
such as polygonal imprints (of 5 μm in diameter) on internal 
moulds of molluscs, interpreted as replica of a prismatic shell 
layer (Devaere et al. 2013). In Setatella significans Skovsted, 
Streng, Knight, and Holmer, 2010 (= Mickwitzia cf. occidens 
sensu Skovsted and Holmer 2003), which probably belongs to 
the derived stem group of the Linguliformea, the through-go-
ing tubes located in the median area of the shell are not striated 
(Skovsted and Holmer 2003; Skovsted et al. 2010), whereas 
longitudinally striated tubes, which are located at the pseu-
dointerarea are oriented within the plane of the laminar shell. 
Such striated perforations are also present in Micrina, a tom-
motiid belonging to the brachiopod stem group, and are inter-
preted in Setatella significans and Micrina as setigerous tubes 
(Skovsted and Holmer 2003), the striations corresponding to 
casts of microvilli (Holmer et al. 2002; Williams and Holmer 
2002). In studied specimens of Kerberellus, canals are absent 
from the interareas. Moreover, all perforations in M. mural-
ensis are non-striated, orthogonally shell-penetrating tubes. 
Balthasar (2004) pointed out that the only known epithelial 
pockets in the mantle of brachiopods that could be associated 
with the smooth orthogonally shell-penetrating pores pres-
ent in M. muralensis are setal follicles. In specimens of M. 
muralensis he studied, the tubes are not internally striated 
(smooth walled) but are straight, and similar in diameter to 
brachiopod seta. They are associated with inward pointing 
cones (inflection) and external deflection of the shell which 
are also reported in Mickwitzia sp. from Australia (Skovsted 
et al. 2009). The tubes of M. muralensis would only represent 
the distal portions of outer epithelial setal follicles, that might 
explain the absence of casts of microvilli on the tube walls 
(Balthasar 2004). The presence of inner epithelial setae (lo-
cated at the shell margin) in M. muralensis is deduced from 
the radiating ridges occurring in the first-formed shell and 
continuing as straight costae in the mature shell. They corre-
spond to radiating folds along the margin of the larval mantle 
and represent initial setal follicles oriented within the plane 
of the shell. In Micrina, orthogonal pores have been reported 
by Williams and Holmer (2002) on the entire surface of the 
shell and exhibit striations on their wall. Therefore, setigerous 
tubes associated with inner epithelial follicle must have been 
present through the entire surface of the shell which therefore 
differs from Mickwitzia. Nevertheless, these tubes are insert-
ed between phosphate laminae constituting the shell so are not 
shell penetrating, thus differing from the canals of Kerberel-
lus. Specimens of Micrina sp. from Morocco, described by 
Skovsted et al. (2014) also exhibit non-setigerous tubes per-
pendicular to the shell-surface that are constructed by rings 
and lacking a well-defined inner wall (Skovsted et al. 2014). 
They are associated with setigerous tubes horizontally insert-
ed between successive shell layers (Skovsted et al. 2014). The 
orthogonal tubes of Micrina sp. are similar to the canals of K. 
marcouensis in the sense that they are both perpendicular to 
the shell surface and show no traces of setae. However, the 
rings and the lack of well-defined inner wall in the non-setig-

Fig. 9. Preservation stages of mickwitziid Kerberellus marcouensis Devaere, 
Holmer, and Clausen gen. et sp. nov. in the Heraultia Limestone from the 
Montagne Noire (southern France). A. Original shell in dark grey. B. Phos-
phatic inner and outer coating of the shell, black line. C. Second phosphatisa-
tion phase with phosphatisation of lime and cementation of debris. D. Decay 
of original organic material of shell (and/or dissolution of possible original 
or of secondary diagenetic origin shell carbonate material during acetic acid 
treatment [see Clausen and Álvaro 2007; Álvaro and Clausen 2010]).
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erous tubes of Micrina sp. preclude further comparisons with 
K. marcouensis. If the canals of the latter were built in the 
same manner as the non-setigerous tubes of Micrina sp., the 
internal moulds of the canals would have been more irregular 
and traces of the rings visible. To conclude, setigerous tubes 
could have been absent from K. marcouensis or traces of the 
microvilli not preserved on the tube wall; they could also be 
associated with outer epithelial follicles. The through-going 
canals of K. marcouensis, orthogonal to the shell and present 
on its entire surface, might correspond to the similarly or-
ganised non-setigerous tubes of S. significans described by 
Skovsted and Holmer (2003) and Skovsted et al. (2010).

The posterior triangular-extension of the internal mould 
of the ventral interarea is interpreted as the infill of a median 
triangular sinus bisecting the ventral interarea of the original 
shell. The underlining, subapical, triangular depression seen 
in internal moulds of some valves, sometimes associated with 
the triangular extension, also favours interpretation of a pos-
terior, subapical inner-fold of the shell (Fig. 4B2, B3). Similar 
structures are known from the orthocline pseudointerarea of 
lingulid brachiopods, functioning as a pedicle-groove, differ-
ing from the catacline subapical area of Kerberellus. In the 
paterinids, the catacline to hypercline interarea of the ventral 
valve is similar to the interarea of Kerberellus. However, it 
consists of a pair of flattened triangular areas (propareas) 
marked off from the posterolateral regions of the valve by a 
break in slope and separated by the delthyrium partly covered 
by a homeodeltidium. The configuration of the interarea of 
paterinides differs to that K. marcouensis by the protruding 
homeodeltidium, which would be preserved as protruding 
triangular ridge (buttress) on the internal mould. A subapical 
sinus is also present in discinoids and acrotretoids, however 
leading to a foramen which is absent in Kerberellus.

In the Mickwitziidae, the shell is supposed to have been 
organophosphatic but generally, it is lightly phosphatised 
and exhibits some acid-dissolved calcareous parts (Skovsted 
and Holmer 2003) or even calcareous areas visible in thin 
sections (possibly of diagenetic origin; Balthasar 2004). The 
presence of both phosphate and carbonate may correspond to 
the secretion of both biominerals by mickwitziids; or calcar-
eous zones correspond to remineralised portions of originally 
organic material (Skovsted and Holmer 2003). Kerberellus 
may be similarly interpreted. Moreover, the shell structure 
differs greatly among Mickwitziidae. In M. muralensis, it 
corresponds to an alternation of porous, organic rich layers 
and thin compact phosphatic layers. Such a structure does not 
have immediate counterpart in other brachiopods but is gross-
ly similar to that of paterinid brachiopods (Balthasar 2004). In 
Setatella significans, the shell consists of a massive outermost 
first−formed shell layer underlined by secondary laminated 
phosphatic layer pierced by vertical cylindrical structures 
similar to that of acrotretoid brachiopods (Skovsted and Hol-
mer 2003). In Mickwitzia multipunctata McMennamin, 1992 
the phosphatic shell would be organised into three layers (Mc-
Menamin 1992). Despite the wide variety of shell structures, 
all Mickwitzia display penetrating canals running through the 

entire shell thickness. The Mickwitziidae also exhibit a dif-
ferentiated lingulid−like juvenile (“larval”) shell that is not 
recognised in the described material of Kerberellus.

Although Kerberellus differs from the mickwitziids by 
various morphological traits, it is better interpreted as relative 
or member of mickwitziid-like stem-group brachiopods rath-
er than being formally assigned to the family Mickwitziidae. 
The diagnosis of the family Mickwitziidae has been emended 
by Skovsted and Holmer (2003) and Balthasar (2004). Ac-
cording to these authors, the different mickwitziid species 
are differentiated by their shell structure, pseudointerarea, 
setigerous tubes, which correspond to differences in their 
soft part organisation. However, they included so exhaustive 
description of such character in the family diagnosis that only 
some of all the included genera and species fit. Pending fur-
ther detailed phylogenetic study, it is preferable to recognise 
an informal group of mickwitziid-like stem-group brachio-
pods (Skovsted and Holmer 2003; Skovsted et al. 2010), and 
an exhaustive systematic revision of the mickwitziids is out 
of the scope of this paper.

Acknowledgements
The authors are grateful to J. Javier Álvaro (Centro de Astrobiología 
[CSIC/INTA], Torrejón de Ardoz, Spain), Nicolas Tormo (Murviel-lès-
Béziers, France), Eric Monceret (Cazilhac, France) and Daniel Vizcaï-
no (Maquens, France) for regional information and field-trip support. 
The authors would also like to thank the reviewers Uwe Balthasar 
(Glasgow University, UK), Christian B. Skovsted (Naturhistoriska 
Riksmuseet, Stockholm, Sweden) and Galina Ushatinskaya (Russian 
Academy of Sciences, Moscow, Russia) for the constructive comments 
that greatly improved the manuscript. LD benefited from a research 
fellowship conducted at the Freie Universität Berlin, funded by the 
DAAD (German Academic Exchange Service) and travel funding pro-
vided by University Lille 1, BQR (Research Quality Bonus) project. 
The work of LEH was supported by grants from the Swedish Research 
Council (VR 2009-4395, 2012-1658).

References
Álvaro, J.J. and Clausen, S. 2010. Morphology and ultrastructure of epilithic 

versus cryptic, microbial growth in lower Cambrian phosphorites from 
the Montagne Noire, France. Geobiology 8: 89–100.

Álvaro, J.J., Bauluz, B., Clausen, S., Devaere, L., Gil Imaz, A., Monceret, 
E., and Vizcaïno, D. 2014. Stratigraphic review of the Cambrian–Low-
er Ordovician volcanosedimentary complexes from the northern Mon-
tagne Noire, France. Stratigraphy 11 (1): 83–96.

Balthasar, U. 2004. Shell structure, ontogeny, and affinities of the Lower 
Cambrian bivalved problematic fossil Mickwitzia muralensis Walcott, 
1913. Lethaia 37: 381–400.

Balthasar, U. 2007. An Early Cambrian organophosphatic brachiopod with 
calcitic granules. Palaeontology 50: 1319–1325.

Balthasar, U. 2008. Mummpikia gen. nov. and the origin of calcitic-shelled 
brachiopods. Palaeontology 51: 263–279.

Bergeron, J. 1887. Sur la constitution géologique de la Montagne Noire. 
Comptes-Rendus de l’Académie des Sciences de Paris 104: 530–532.

Clausen, S. and Álvaro, J.J. 2007. Lower Cambrian shelled phosphorites 
from the northern Montagne Noire, France. In: J.J. Álvaro, M. Aretz, 
F. Boulvain, A. Munnecke, D. Vachard, and E. Vennin (eds.), Palae-

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1111/j.1472-4669.2009.00229.x
http://dx.doi.org/10.1080/00241160410002090
http://dx.doi.org/10.1111/j.1475-4983.2007.00729.x
http://dx.doi.org/10.1111/j.1475-4983.2008.00754.x


768 ACTA PALAEONTOLOGICA POLONICA 60 (3), 2015

ozoic Reefs and Bioaccumulations: Climatic and Evolutionary Con-
trols. Geological Society, London, Special Publications 275: 17–28.

Cobbold, E.S. 1935. Lower Cambrian from Herault, France. The Annals 
and Magazine of Natural History 16: 25–48.

Demange, M. 1998. Contribution au problème de la formation des dômes 
de la Zone axiale de la Montagne noire: analyse géométrique des 
plissements superposés dans les séries métasédimentaires de l’envel-
oppe. Implications pour tout modèle géodynamique. Géologie de la 
France 4: 3–56.

Devaere, L., Clausen, S., Álvaro, J.J., Peel, J.S., and Vachard, D. 2014. 
Terreneuvian orthothecid (Hyolitha) digestive tracts from northern 
Montagne Noire, France: taphonomic, ontogenetic and phylogenetic 
implications. PLoS ONE 9 (2): e88583.

Devaere, L., Clausen, S., Steiner, M., Álvaro, J.J., and Vachard, D. 2013. 
Chronostratigraphic and palaeogeographic significance of an early 
Cambrian microfauna from the Heraultia Limestone, northern Mon-
tagne Noire, France. Palaeontologia Electronica 16 (2): 17A, 91.

Esakova, N.V. and Zhegallo, E.A. [Žegallo, E.A.] 1996. Biostratigraphy 
and fauna of the  Lower Cambrian of Mongolia [in Russian]. Sovmest-
naâ Sovetsko-Mongol’skaâ Paleontologičeskaâ Ekspediciâ, Trudy 46: 
1–216.

Gèze, B. 1949. Etude géologique de la Montagne Noire et des Cévennes 
méridionales. Mémoires de la Société géologique de France (nouvelle 
série) 62: 1–215.

Gorjansky, V.J. [Gorânskij, V.J.] 1969. Inarticulate brachiopods of the 
Cambrian and Ordovician of the northwest Russian Platform [in Rus-
sian]. Ministerstvo Geologii RSFSR, Severo-Zapadnoe Territorialnoe 
Geologičeskoe Upravlenie 6: 1–173.

Guérangé-Lozes, J. and Burg, J.P. 1990. Les nappes varisques du sud-ouest 
du Massif Central. Géologie de la France 3–4: 71–106.

He, T.G. and Yang, X.H. 1982. Lower Cambrian Meishucun Stage of the 
western Yangtze stratigraphic region and its Small Shelly Fossils [in 
Chinese, with English abstract]. Bulletin of the Chengdu Institute of 
Geological and Mineral Research 3: 69–95.

Holmer, L.E. and Popov, L.E. 1996. Early Paleozoic radiation and classifi-
cation of organophosphatic brachiopods. In: P. Copper and J. Jin (eds.), 
Brachiopods: Proceedings of the Third International Brachiopod Con-
gress, Sudbury, Ontario, Canada, 117–121. A.A. Balkema, Rotterdam.

Holmer, L.E. and Popov, L.E. 2007. Incertae Sedis, Organophosphatic bi-
valved stem-group brachiopods. In: P.A. Selden (ed.), Treatise on Inver-
tebrate Paleontology, part H, Brachiopoda, revised, Vol. 6, 2878–2900. 
Geological Society of America and University of Kansas Press, Boulder.

Holmer, L.E., Skovsted, C.B., and Williams, A. 2002. A stem group bra-
chiopod from the Lower Cambrian—support for a Micrina (halkieriid) 
ancestry. Palaeontology 45: 875–882.

Kerber, M. 1988. Mikrofossilien aus unterkambrischen Gesteinen der Mon-
tagne Noire, Frankreich. Palaeontographica Abteilung A 202: 127–203.

Kouchinsky, A. and Bengtson, S. 2002. The tube wall of Cambrian ana-
baritids. Acta Palaeontologica Polonica 47: 431–444.

Kouchinsky, A., Bengtson, S., and Murdock, D.J.E. 2010. A new tannuol-
inid problematic from the lower Cambrian of the Sukharikha River in 
northern Siberia. Acta Palaeontologica Polonica 55: 321–331.

Laurie, J.R. 2000. Class Paterinata. In: R.L. Kaesler (ed.), Treatise on Inver-
tebrate Paleontology, Part H, Brachiopoda, Revised, Vol. 2, 147–157. 
Geological Society of America and University of Kansas Press, Boulder.

Liu, D.Y. 1979. Earliest Cambrian brachiopods from Southwest China. 
Acta Palaeontologica Sinica 18: 505–515.

Luo, H., Jiang, Z., Wu, X., Song, X., and Ouyang, L. 1982. The Sinian–Cam-
brian Boundary in Eastern Yunnan, China [in Chinese, with English ab-
stract]. 265 pp. Yunnan Institute of Geological Sciences, Kunming.

Maloof, A.C., Porter, S.M., Moore, J.L., Dudás, F.Ö., Bowring, S.A., Hig-
gins, J.A., Fike, D.A., and Eddy, M.P. 2010. The earliest Cambrian 
record of animals and ocean geochemical change. Geological Society 
of America Bulletin 122: 1731–1774.

McMenamin, M.A.S. 1992. Two new species of the Cambrian genus Mick-
witzia. Journal of Paleontology 66: 173–182.

Pelman, Y.L. 1977. Early and Middle Cambrian inarticulate brachiopods of 
the Siberian Platform [in Russian]. Proceedings of the Institute of the 
Geology and Geophysics of the Siberian Division of the Academy of 
Sciences of the USSR 316: 1–168.

Pérez-Huerta, A., Cusack, M., McDonald, S., Marone, F., Stampanoni, M., 
and MacKay, S. 2009. Brachiopod punctae: A complexity in shell bio-
mineralisation. Journal of Structural Biology 167: 62–67.

Popov, L.E. and Williams, A. 2000. Class Kutorginata. In: R.L. Kaesler 
(ed.), Treatise on Invertebrate Paleontology, Part H, Brachiopoda Re-
vised, Vol. 2, 208–215. Geological Society of America and University 
of Kansas Press, Boulder.

Popov, L.E., Holmer, L.E., and Bassett, M.G. 1996. Radiation of the ear-
liest calcareous brachiopods. In: P. Copper and J. Jin (eds.), Brachio-
pods: Proceedings of the Third International Brachiopod Congress, 
Sudbury, Ontario, 209–213. A.A. Balkema, Rotterdam.

Qian, Y. 1977. Hyolitha and some problematica from the Lower Cambrian 
Meishucun Stage in central and SW China [in Chinese, with English 
abstract]. Acta Palaeontologica Sinica 16: 255–278.

Qian, Y. 1984. Several groups of bizarre sclerite fossils from the earliest 
Cambrian in eastern Yunnan [in Chinese, with English abstract]. Bul-
letin of the Nanjing Institute of Geology and Palaeontology, Academia 
Sinica 6: 87–99.

Skovsted, C.B. and Holmer, L.E. 2003. The Early Cambrian (Botomian) 
stem group brachiopod Mickwitzia from North-east Greenland. Acta 
Palaeontologica Polonica 48: 1–20.

Skovsted, C.B. and Holmer, L.E. 2005. Early Cambrian brachiopods from 
North-East Greenland. Palaeontology 48: 325–345.

Skovsted, C.B., Brock, G.A., Holmer, L.E., and Paterson, J.R. 2009. First 
report of the early Cambrian stem group brachiopod Mickwitzia from 
East Gondwana. Gondwana Research 16: 145–150. 

Skovsted, C.B., Clausen, S., Alvaro, J.J., and Ponlevé, D. 2014. Tommotiids 
from the early Cambrian (Series 2, Stage 3) of Morocco and the evolu-
tion of the tannuolinid scleritome and setigerous shell structures in stem 
group brachiopods. Palaeontology 57 (1): 171–192.

Skovsted, C.B., Streng, M., Knight, I., and Holmer, L.E. 2010. Setatella 
significans, a new name for mickwitziid stem group brachiopods from 
the lower Cambrian of Greenland and Labrador. GFF 132: 117–122.

Ushatinskaya, G.T. [Ušatinskaâ, G.T.] 1987. Unusual inarticulate brachio-
pods from the Lower Cambrian of Mongolia [in Russian]. Paleon-
tologičeskij žurnal 2: 62–68.

Ushatinskaya, G.T. 2008. Origin and dispersal of the earliest brachiopods. 
Paleontological Journal 42: 776–791.

Voronin, Y.I. [Voronin, Ǔ.I.], Voronova, L.G., Grigorjeva, N.V. [Grigor’eva, 
N.V.], Drozdova, N.A., Zhegallo, E.A. [Žegallo, E.A.], Zhuravlev, A.Y. 
[Žuravlev, A.Ǔ.], Ragozina, A.L., Rozanov, A.Y. [Rozanov, A.Ǔ.], 
Sayutina, T.A. [Saǔtina, T.A.], Sysoev, V.A., and Fonin, V.D. 1982. The 
Precambrian–Cambrian boundary in the geosynclinal areas (the refer-
ence section of Salany-Gol, MPR) [in Russian]. Sovmestnaâ Sovets-
ko-Mongol’skaâ Paleontologičeskaâ Ekspediciâ, Trudy 18: 1–150.

Vostokova, V.A. 1962. Cambrian gastropods from Siberian Platform and 
Taimyr [in Russian]. Statei po Paleontologii i Biostratigrafii 28: 51–74.

Williams, A. and Holmer, L.E. 2002. Shell structure and inferred growth, 
functions and affinities of the sclerites of the problematic Micrina. Pa-
laeontology 45: 845–873.

Williams, A., Brunton, C.H.C., Carlson, S.J., Fernando Alvarez, A.D., An-
sell, P.G., Baker, M.G., Bassett, R.B., Blodgett, A.J., Boucot, J.L., Car-
ter, L.R.M., Cocks, B.L., Cohen, P.C., Curry, G.B., Cusack, M., Dagys, 
A.S., Emig, C.C., Gawthrop, A.B., Gourvennec, R., Grant, R.E., Harper, 
D.A.T., Holmer, L.E., Hong-Fei, H., James, M.A. Yu-Gan, J., Johnson, 
J.G., Laurie, J.R., Lazarev, S., Lee, D.E., Mackay, S., Mackinnon, D.I., 
Manceñido, M.O., Mergl, M., Owen, E.F., Peck, L.S., Popov, L.E., 
Racheboeuf, P.R., Rhodes, M.C., Richardson, J.R., Jia-Yu, R., Rubel, 
M., Savage, N.M., Smirnova, T.N., Dong-Li, S., Walton, D., Bruce W., 
and Wright, A.D. 1997. Introduction. In: R.L. Kaesler (ed.), Treatise on 
Invertebrate Paleontology, Part H, Brachiopoda, Revised, Vol. 1, 1–539. 
Geological Society of America and University of Kansas Press, Boulder.

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1111/1475-4983.00265
http://dx.doi.org/10.4202/app.2009.1102
http://dx.doi.org/10.1130/B30346.1
http://dx.doi.org/10.1016/j.jsb.2009.03.013
http://dx.doi.org/10.1016/j.gr.2009.02.002
http://dx.doi.org/10.1080/11035897.2010.490878
http://dx.doi.org/10.1134/S0031030108080029
http://dx.doi.org/10.1111/1475-4983.00264



