






Celsifornix carteri Baliński and Sun, 2010a
Figs. 4K, L, 5A, B, D, 6D, F, 29.

2010 Voiseyella carteri sp. nov.; Baliński and Sun 2010a: 96–97, pl. 1:
1–33, text−fig. 5.

Material.—43 single ventral and 88 dorsal valves, generally
well preserved. All specimens from sample MH1 apart from
a single ventral valve was found in sample M2−8.

Remarks.—This species was recently described in detail by
Baliński and Sun (2010a: pl. 1, text−fig. 4). It is distinguished
from the other species of the genus by its strongly transverse
outline (dorsal valve width to length ratio varies from 2.2 to
5.0; Fig. 29A–E). This great variability is connected mainly
with a very variable development of cardinal extremities
which in some exceptionally fusiform specimens may be ex−

tremely expanded and delicate (Fig. 29C). It is noteworthy
that the great variability in the shell width to length ratio is
associated with similar variability in the number of lateral
costae which varies from 14 to 32: generally the wider valves
have more radial costae.

Stratigraphic and geographic range.—Known exclusively
from the type locality and horizon. One of the most numer−
ous spiriferids in the Muhua Formation.

Superfamily Brachythyridoidea Frederiks, 1924
Family Brachythyrididae Frederiks, 1924
Genus Brachythyris M’Coy, 1844
Type species: Spirifera ovalis Phillips, 1836; Viséan, Carboniferous;
Bolland, Yorkshire, England.
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Fig. 29. Strophopleurid brachiopod Celsifornix carteri Baliński and Sun, 2010a from the Tornaisian Muhua Formation, southern China. A. Complete dorsal
valve, PKUM02−0542, in exterior (A1), interior (A2), posterior (A3), and anterior (A4) views. B. Complete dorsal valve, PKUM02−0543, in exterior (B1), lateral
(B2), posterior (B3), and anterior (B4) views. C. Incomplete dorsal valve, PKUM02−0544, showing exterior (C1), interior (C2), enlarged right half of the valve
(C3), and enlargement of surface ornamentation (C4); note distinct growth lamellae on C3 showing development of the cardinal extremities during ontogeny.
D. Incomplete ventral valve, PKUM02−0545, in exterior (D1) and posterior (D2) views. E. Incomplete dorsal valve, PKUM02−0546, in exterior (E1), lateral
(E2), and posterior (E3) views. F. Interior of a damaged ventral valve, PKUM02−0547, showing partially closed delthyrium by the umbonal callosity and dental
adminicula. G. Interior of a complete ventral valve, PKUM02−00382 (G1) and enlargement showing open delthyrium and dental adminicula (G2); specimen il−
lustrated by Baliński and Sun 2010a: pl. 1: 24–26, new photographs. H. Enlargement of the posterior region of the holotype PKUM02−0381 (figured by
Baliński and Sun 2010a: pl. 1: 22–23; new photograph), viewed internally, showing cardinalia. All from sample MH1. Scale bars 5 mm.



Brachythyris sp.
Fig. 30A–E.

Material.—Five very fragmentary ventral valves from sam−
ple MH1 and one incomplete ventral valve from sample
MH2.

Remarks.—Assignment of this scarce material to the genus
Brachythyris is based on external characters, including the
presence of a narrow sulcus, weak, rounded and simple radial
costae, as well as on the absence of dental adminicula in the
interior of the ventral valve (Fig. 30A–E). The median costa
which can be observed in the specimens described below as
Skelidorygma sp. does not occur in the form here described
suggesting that it should be better placed in the genus Bra−
chythyris.

Family Skelidorygmidae Carter, 1994
Genus Skelidorygma Carter, 1974
Type species: Spirifer subcardiiformis Hall, 1858; Viséan, Carbonifer−
ous; Illinois, USA.

Skelidorygma sp.
Fig. 30F–I.

Material.—One incomplete shell, 4 incomplete ventral valves
and 1 fragmentary dorsal valve from samples GB and GT.

Remarks.—The specimens are characterised by a brachy−
thyrid, suboval shell outline with short hinge line and
smoothly rounded postero−lateral margins. The ventral sulcus
is bordered by a pair of stronger and wider costae. The sulcal
ribbing pattern can be assessed on one of the studied specimen
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Fig. 30. Brachythyrid brachiopods from the Tornaisian Muhua Formation, southern China. A–E. Brachythyris sp. A, B, E. Three incomplete ventral valves,
PKUM02−0548 (A), PKUM02−0549 (B), and PKUM02−0550 (E), in exterior (A1, B1, E1), interior (A2, B2, E2), and posterior (A3, B3, E3) views. C. Incomplete
ventral valve, PKUM02−0551, in exterior (C1) and interior (C2) views. D. Slightly broken ventral valve, PKUM02−0552, with heavily abraded surface costation in
exterior (D1), lateral (D2), interior (D3), inclined interior (D4), and posterior (D5) views. F–I. Skelidorygma sp. F. Incomplete ventral valve, PKUM02−0553, in ex−
terior (F1), interior (F2), and lateral (F3) views. G. Almost complete shell, PKUM02−0554, in dorsal (G1), ventral (G2), lateral (G3), posterior (G4), and anterior (G5)
views. H. Ventral valve, PKUM02−0555, in exterior (H1), interior (H2), and posterior (H3) views. I. Umbonal region of a ventral valve, PKUM02−0556, in poste−
rior (I1) and posterodorsal (I2) views, showing delthyrial cover and pedicle opening. Sample MH1 (A–C), MH2 (D), GB (E, G, H), and GT (F). Scale bars 5 mm.



only (Fig. 30G). Besides the sulcal median costa there are two
narrow costae on each slope of the sulcus which arise by bifur−
cation from the sulcus−bounding costae. The latter, however,
bifurcate once also laterally. The costae on flanks are broad,
rounded, and either simple (single ventral valve on Fig. 30F),
or with a tendency to bifurcate (single incomplete shell on Fig.
30G). The dorsal fold on the latter specimen appears to be
smoothly rounded without any evident costation (in contrast to
the costate ventral sulcus; see Fig. 30G). Interior of four in−
complete ventral valves show no dental plates but thickened
dental ridges are well visible (Fig. 30F2, F3, H2). Delthyrium
covered by a convex delicate deltidial plate which is medially
deeply angularly indented. A single well preserved deltidial
plate reveals a presence of an elliptical, ca. 0.7 mm in greater
diameter pedicle opening with a short tube−like collar extend−
ing externally (i.e., dorsally; Fig. 30I).

Unfortunately, the condition of secondary denticulation,
which is characteristic and diagnostic for some brachythyridid
species cannot be ascertain on the material due to its preser−
vational constrains. The bifurcate lateral costae which can be
observed on one of the specimens are not typical for Skelido−
rygma and many other brachythyridids but in some species bi−
furcation can be observed, e.g., in Brachythyris chouteauensis
(Weller, 1909) (Carter 1967: pl. 39: 1), Meristorygma arctica
Carter, 1974 (Carter 1974: pl. 3: 21–24), Brachythyris atbasa−
rica Nalivkin, 1937 (Litvinovich et al. 1969: pl. 67: 2, 3),
Litothyris alticostata Roberts, 1971 (Roberts 1971: 238, fig.
77), Brachythyris cobarkensis Peou, 1980 (Peou 1980: 13),
and Brachythyris suborbicularis (Hall, 1858) (Xu and Yao
1988: pl. 79: 7).

Suborder Delthyridina Ivanova, 1972
Superfamily Delthyridoidea Phillips, 1841
Family Mucrospiriferinae Boucot, 1959
Subfamily Tylothyridinae Carter, 1972
Genus Tylothyris North, 1920
Type species: Spirifer laminosa M’Coy, 1841; Tournaisian, lower Car−
boniferous; Hook Head, Ireland.

Tylothyris laminosa (M’Coy, 1841)
Figs. 7C, 31.

1841 Spirifera laminosa M’Coy; M’Coy 1841: 26.
1844 Cyrtia laminosa (M’Coy); M’Coy 1844: 137, pl. 21: 4.
1969 Tylothyris laminosus (Mc’Coy); Litvinovich et al. 1969: 280, pl.

69: 4, 5.
1979 Tylothyris laminosa (M’Coy, 1844); Nalivkin 1979: 131, pl. 49:

15.
1984 Tylothyris laminosa (M’Coy); Brunton 1984: 77–83, figs. 108–119.
2006 Tylothyris laminosa laminosa (M’Coy, 1841); Bassett and Bryant

2006: 518–520, pl. 12: 1–8, pl. 14: 1–18, pl . 15: 1–19, pl. 16: 1–6.
2006 Tylothyris laminosa (M’Coy); Liao and Zhang 2006: pl. 5: 1–6.
2010 Tylothyris laminosa (M’Coy, 1841); Mottequin 2010: 270–271,

pl. 6: 4–26; fig. 13.

Material.—About 90 single valves, most of them well pre−
served. All specimens from sample MH1 apart a few frag−
ments found in sample Mu−42

Description.—This species has been described in great detail
and abundantly illustrated by North (1920), Brunton (1984),
and Bassett and Bryant (2006).

Remarks.—This is one of the most characteristic spiriferoid
brachiopods in the Muhua fauna. Its shell shape, ornamenta−
tion and details of the internal structures are very similar to
Tylothyris laminosa from the Tournaisian and Viséan of the
British Isles (see Brunton 1984; Bassett and Bryant 2006). The
only difference observed between the specimens from Europe
and China is the occasionally developed weak costation on the
dorsal fold of the valves here studied.

The specimens from Muhua have greater number of costae
than Tylothyris clarksvillensis (Winchell, 1865) described by
Rodriguez and Gutschick (1967) from the early Mississippian
of Western Montana, and Tylothyris missouriensis (Weller,
1914) from the early Mississippian of Illinois (see Carter
1988). The specimens described here are much less trans−
versally expanded than Tylothyris transversa Roberts, 1971
described from the Tournaisian of Northwestern Australia
(see Roberts 1971).

Stratigraphic and geographic range.—The species is known
from the late Tournaisian and Viséan of western Europe, the
Middle East, the Urals, Kazakhstan, Australia, Japan, and
China (see Litvinovich et al. 1969; Nalivkin 1979; Brunton
1984; Tazawa et al. 1984; Liao and Zhang 2006; Mottequin
2010; and herein). Related forms were described as Tylothyris
sp. aff. laminosa from the Tournaisian of Morocco (Brice et al.
2005) and as Tylothyris (?) cf. laminosa from the lower Car−
boniferous of Rudny Altai, Russia (Bublichenko 1976).

Superfamily Reticularioidea Waagen, 1883
Family Elythidae Frederiks, 1924
Subfamily Elythinae Frederiks, 1924
Genus Kitakamithyris Minato, 1951
Type species: Torynifer (Kitakamithyris) tyoanjiensis Minato, 1951;
Lower Carboniferous; Kitakami Mountains, Honshu, Japan.

Kitakamithyris sp.
Fig. 32.

Material.—One almost complete and 13 fragments of ven−
tral valves, and 7 fragmentary preserved dorsal valves, as
well as 16 small fragments of valves showing characteristic
micro−ornamentation, all from sample MH1. Two fragments
of ventral valves and one incomplete dorsal valve from sam−
ple GT. Some small fragments of valves with well preserved
micro−ornamentation come also from sample M2−8.

Remarks.—Of special interest are very sparse and fragmen−
tary specimens, but with well preserved characteristic elythide
micro−spinose ornamentation. These specimens (sample MH1
and M2−8) show concentric rows of elaborate double−bar−
relled, densely distributed spines (about 36 spines in 10 mm)
similar to those illustrated by, e.g., Kozłowski (1914: fig. 18d)
in Reticularia lineata var. perplexa (Mac Chesney, 1860) (=
Martinothyris lineata) and by Samtleben (1971: pl. 11: 11) in
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Phricodothyris guadalupensis (Schumard, 1859). Unfortu−
nately, our specimens with well preserved spines are so frag−
mentary that none of the internal shell features could be as−
sessed. However, some co−occurring ventral valves are almost
undoubtedly conspecific, because they also reveal a few pre−
served double−barrelled spines. These valves, the largest of
which attains nearly 25 mm in length, show the presence of a
medial sulcus, and internally well developed dental admini−
cula and median septum. Incomplete dorsal valves from sam−
ple MH1, representing probably the same species, has narrow
inner socket ridges and ctenophoridium. Two fragments of
ventral valves and one incomplete dorsal valve from sample
GT also reveal elythid relations by having smooth shell with
concentrically distributed scars marking the bases of broken
off spines (Fig. 32B). The interior of these two ventral valves
reveals the presence of well marked slightly divergent dental
adminicula and strong and long median ridge. The growth

lamellae preserved on a single dorsal valve indicate that this
species was characterised by transverse shell and rounded car−
dinal extremities. However, the interior of the dorsal valve
from sample GT shows shorter and wider inner socket ridges
ridges than the specimens described above from sample MH1.
It seems not unlikely that the elithid from sample GT may rep−
resent a different species.

This very fragmentary material from samples MH1, M2−8,
and GT can be attributed quite convincingly to the genus
Kitakamithyris mainly because of the ornamentation and gen−
eral shell shape (indicated by growth lines) as well as the inter−
nal structure of both valves. Its very poor preservation, how−
ever, precludes a more detailed description and taxonomic as−
signment.

Stratigraphic and geographic range.—The species of Kita−
kamithyris are known from the Tournaisian of Japan, Russia,
Australia, and North America.
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Fig. 31. Delthyridoid brachiopod Tylothyris laminosa (M’Coy, 1841) from the Tornaisian Muhua Formation, southern China. A, B. Exterior of ventral (A)
and dorsal (B) valves, PKUM02−0557 (A) and PKUM02−0558 (B). C. Ventral valve, PKUM02−0559, in exterior (C1), interior (C2), and lateral (C3) views.
D. Detail of external shell micro−ornamentation, PKUM02−0560. E, F. Interior of two dorsal valves, PKUM02−0561 (E) and PKUM02−0562 (F), in general
(E1, F1) and enlarged (E2, F2) views. G. Dorsal valve, PKUM02−0563, in exterior (G1) and interior (G2) views. H. Exterior of dorsal valve, PKUM02−0564.
I. Slightly damaged ventral valve, PKUM02−0565, in anterior (I1) and enlarged (I2) views; SEM micrographs. J. Juvenile ventral valve, PKUM02−0566, in
exterior (J1) and interior (J2) views. K. Exterior of juvenile ventral valve, PKUM02−0567. L. Incomplete dorsal valve, PKUM02−0568, with well preserved
lamellose ornamentation, in general (L1) and detailed (L2) views. All from sample MH1.



Order Spiriferinida Ivanova, 1972
Suborder Spiriferinidina Ivanova, 1972
Superfamily Pennospiriferinoidea Dagys, 1972
Family Spiriferellinidae Ivanova, 1972
Genus Spiriferellina Frederiks, 1924
Type species: Terebratulites cristatus von Schlotheim 1816; Zechstein,
Permian; Thüringen, Germany.

Spiriferellina cf. insculpta (Phillips, 1836)
Figs. 7B, 33.

Material.—One complete and 2 damaged ventral valves, and

one slightly incomplete dorsal valve from the sample MH2.
One damaged dorsal valve and a fragment of ventral valve
from the sample GB.

Description.—The single complete ventral valve is 7 mm
long, 12 mm wide, and 6.4 mm thick, semicircular in outline,
slightly subpyramidal in shape, with apsacline, high, almost
flat, transversely striated triangular interarea; lateral margins
of the interarea slightly rounded; cardinal extremities slightly
rounded, hinge line almost equal the greatest width of the
valve; sulcus very deep, rounded, bounded by a pair of very
high, subangular plicae; delthyrium open, delthyrial angle 24�.

Dorsal valve semicircular in outline, with a very high, an−
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Fig. 32. Reticularioid brachiopod Kitakamithyris sp. from the Tornaisian Muhua Formation, southern China. A. Incomplete ventral valve, PKUM02−0569,
exterior (A1) and interior of the posterior region (A2). B. Ventral valve, PKUM02−0570, in exterior (B1), interior (B2), and lateral (B3) views, and enlarge−
ment of the interior showing well developed dental adminicula and median septum (B4). C. Posterior region of an incomplete dorsal valve, PKUM02−0571,
in exterior (C1) and interior (C2) views. D, E. Two umbonal fragments of the ventral valve, PKUM02−0572 (D) and PKUM02−0573 (E), in exterior (D1, E1)
and interior (D2, E2) views, showing concentric micro−ornamentation, dental adminicula, and median septum. F. Incomplete dorsal valve, PKUM02−0574,
in exterior view. G. Fragment of ventral valve, PKUM02−0575, with well preserved external micro−ornamentation, in general view (G1) and enlargement
(G2). H, I. Two specimens, PKUM02−0576 (H) and PKUM02−0577 (I), showing well preserved spinose micro−ornamentation, in general (H1, I1) and en−
larged (H2, I2) views. G–I SEM micro−graphs. Samples MH1 (A−D, I), GT (E, F), and M2−8 (G, H).



gular fold and tree high, angular plicae on each flank, dimin−
ishing in size rapidly toward lateral extremities; interarea
low, almost linear, slightly concave, rectangular.

Ventral interior with short dental adminicula joining the
valve floor in the umbonal region along the bottom of inter−
spaces next to the sulcus−bounding plicae, continuing anteri−
orly as sharp lamellae decreasing gradually in height and be−
coming distally barely strong dental ridges; median septum
thin, sharp, increasing in height anteriorly and reaching about
the mid−valve.

Interior of dorsal valve with strong inner socket ridges di−
verging at 110�; inner socket ridges and crural bases forming
slightly concave plates, elevated above valve floor, and con−
verging with the base of ctenophoridium; ctenophoridium
distinct, subtriangular in dorsal view; adductor scars bor−
dered by distinct ridges running more or less radially along
the bottom of the fold−bounding interspaces.

Shell strongly plicate, 6 plicae on each of the two figured
ventral valves (Fig. 33A, D), and 3 and 7 (including fold) on
two dorsal valves, respectively (Fig. 33B, C). On a single dor−
sal valve two plicae bifurcate near the anterior margin (Fig.
33C1) but the bifurcation takes place anterior to a marked ar−
rest of growth caused probably by some serious disturbance
during the life of the animal. Concentric growth lamellae
prominent, imbricate, with frequency of about 4 per mm; pus−
tules nor observed, shell substance distinctly punctate.

Remarks.—The specimens from Muhua show great resem−
blance to Spiriferellina insculpta (Phillips, 1836) and Spiri−
ferellina octoplicata (Sowerby, 1827), both from the Lower
Carboniferous of England and Ireland. The latter species are
also morphologically similar to each other differing slightly
mainly in the general shell outline and character of the shell
plication (North 1920; Brunton 1984; Bassett and Bryant
2006). Most of our specimens are very close to S. insculpta
having the same number and shape of radial plicae (Fig. 33A,
B, D). Only one slightly incomplete dorsal valve from Muhua
shown on Figure 33C has at least 7 plicae thus resembling the
condition of S. octoplicata. Unfortunately, the insufficient ma−
terial does not allow for a satisfactory taxonomic comparison.

Stratigraphic and geographic range.—Spiriferellina inscul−
pta is known from the Tournaisian–Viséan of the British Isles,
Belgium, and doubtfully from the Moscow Basin of Russia
(see Brunton 1984). Here we report similar form Tournaisian
of Muhua, southern China.

Order Terebratulida Waagen, 1883
Suborder Terebratulidina Waagen, 1883
Superfamily Cryptonelloidea Thomson, 1926
Family Cryptonellidae Thomson, 1926
Subfamily Cryptonellinae Thomson, 1926
Genus Cryptonella Hall, 1861
Type species: Terebratula rectirostra Hall, 1860; Lower–Middle Devo−
nian; western New York, USA.

Cryptonella sp. 1
Fig. 34A, B, D–F, J.

Material.—Four incomplete shells and 2 fragmentarily pre−
served dorsal valves from samples MH1, MH2, and GT.

Remarks.—There is no doubt that several representatives of
terebratulidins are present in the Muhua fauna. Unfortunately
the material is very fragmentary and it is not possible to deter−
mine how many and which taxa are actually present. Some of
the specimens show a densely punctate, elongate shell, nearly
straight and long ventral umbo, thin dental plates, and slightly
concave, undivided and unsupported hinge plate with an api−
cal perforation (Fig. 34A, B, D–F, J). The two almost com−
plete shells attain 9.3 and 4.4 mm in length and 6.2 and 2.6 mm
in width, respectively (Fig. 34 A, B). These internal and exter−
nal characteristics suggest that the specimens should be placed
within genus Cryptonella. Although the genus is known
mainly from the Devonian, at least two species were recorded
from the Carboniferous, i.e., C. minranensis Brunton, 1984
(Viséan, lower Carboniferous, Co. Fermanagh, Ireland; Brun−
ton 1984) and C. simplex Pérez−Huerta, 2004 (late Moscovian,
Pennsylvanian, Nevada, USA; Pérez−Huerta 2004).

Cryptonella sp. 2
Fig. 34C, G, I.

Material.—Two incomplete dorsal valves and one fragment
of ventral valve from sample MH1.

Remarks.—Among the terebratulidine material there are
several fragmentary specimens which resemble the form de−
scribed above, especially in the internal structure of both
valves, but they differ noticeably from Cryptonella sp. 1 in
having proportionally wider shell (Fig. 34C, G, I). It may
also represent a species of the genus Cryptonella.
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Fig. 33. Spiriferinidine brachiopod Spiriferellina cf. insculpta (Phillips,
1836) from the Tornaisian Muhua Formation, southern China. A. Ventral
valve, PKUM02−0578, in exterior (A1) and interior (A2) views. B, C. Two
incomplete dorsal valves, PKUM02−0579 (B) and PKUM02−0388 (C, same
as in Fig. 7B), in exterior (B1, C1) and interior (B2, C2) views, and enlarge−
ment of cardinalia (C3). D. Ventral valve, PKUM02−0580, in exterior (D1),
interior (D2), and posterior (D3) views. Sample MH2 (A, B, D) and GB (C).
Scale bars 2 mm.



Cryptonellinae gen. et sp. indet.
Fig. 34H, K.

Material.—Several fragments of single valves from samples
MH1 and MH2, some of them with fragmentarily preserved
internal details.

Remarks.—A few specimens from the sample MH−1 are dis−
tinguished by wider shell, unsupported and divided hinge
plates. They resemble internally some Pseudodielasmatidae
but the lack of the inner hinge plates may be caused by an in−
complete preservation of these very fragile structures.

Specimens of uncertain affinity
Fig. 35.

Remarks.—There are two groups of specimens in the investi−
gated material which, for the time being, remain as unas−
signed to any known genus and species. The first group in−
cludes fragments of disarticulated valves or shells which are
too incomplete to preserve diagnostic futures enough for reli−

able taxonomic determination. The other group, although
consists of well preserved single valves and complete shells,
represents juvenile stages of growth and are too immature to
reveal reliable diagnostic characters of adults.

Among the first group of the fragmentary specimens men−
tioned above there are several broken dorsal and ventral
valves which show well preserved internal structure but can−
not be assigned to any species from the Muhua Formation.
Some of these specimens are illustrated on Fig. 35O–U. The
illustrated dorsal valves show well developed, deep and appar−
ently uncovered septalium, long and high median septum, and
absence of cardinal process. The interior of two ventral valves
show the presence of thin but long, ventrally convergent den−
tal plates. It seems probable that these specimens represent
some camarotoechioid or pugnacoid rhynchonellides.

Several small−sized specimens, ranging from less than
one to a few mm in width, represent the other group of forms
difficult to determined taxonomically. Some of them repre−
sent adult micromorphic brachiopods and have been recently
studied in detail (Sun et al. 2004a; Baliński and Sun 2005,
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Fig. 34. Terebratulide brachiopods from the Tornaisian Muhua Formation, southern China. A, B, D–F, J. Cryptonella sp. 1. A. Slightly damaged shell,
PKUM02−0581, in dorsal (A1) and lateral (A2) views. B. Incomplete juvenile shell, PKUM02−0582, in dorsal (B1), ventral (B2), and lateral (B3) views.
D. Incomplete ventral valve, PKUM02−0583, in interior (D1) and exterior (D2) views. E. Interior of incomplete dorsal valve, PKUM02−0584, showing well
preserved cardinal plate and crural bases. F. Incomplete dorsal valve, PKUM02−0585, viewed from the interior (F1) and enlargement of the posterior region
showing cardinalia (F2). J. Incomplete juvenile shell, PKUM02−0586, with well visible endopunctae. C, G, I. Cryptonella sp. 2. C. Interior of incomplete
dorsal valve, PKUM02−0587, in general view (C1) and enlargement of slightly tilted posterior region showing cardinal plate, sockets and elongate muscle
scars. G. Incomplete ventral valve, PKUM02−0588, viewed from the interior showing conjunct deltidial plates, teeth, and pedicle foramen. I. Interior of in−
complete dorsal valve, PKUM02−0589, showing unsupported cardinal plate. H, K. Cryptonelloid gen. et sp. indet. H. Interior of incomplete dorsal valve,
PKUM02−0590, showing divided hinge plates (damaged cardinal plate?). K. Incomplete dorsal valve, PKUM02−0591, in exterior (K1) and interior (K2)
views showing probably damaged cardinal plate. E, F, J, SEM micrographs. Samples MH1 (A–E, G–I, K), MH2 (F), and GT (J). Scale bars 1 mm.
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1 mm

1 mm

(A–J, K , L–N)1

jugum

Fig. 35. Fragmentary and juvenile undetermined brachiopods from the Tornaisian Muhua Formation, southern China. A–N. Small shells and single valves
probably representing juveniles of athyrididoids. A–D. Four complete shells in dorsal view, PKUM02−0592 (A), PKUM02−0593 (B), PKUM02−0594 (C), and
PKUM02−0595 (D). E. Shell PKUM02−0596 with damaged dorsal valve in dorsal view showing partially preserved spiralium and jugum (arrowed). F, N. Two
dorsal valves, PKUM02−0597 (F) and PKUM02−0598 (N), viewed from the interior. G, I. Two shells, PKUM02−0599 (G) and PKUM02−0600 (I), in dorsal
(G1, I1), ventral (G2, I2), lateral (G3, I3), and posterior (G4, I4) views. H. Complete shell, PKUM02−0601, in dorsal (H1), lateral (H2), and anterior (H3) views.
J, L, M. Three ventral valves viewed internally, PKUM02−0602 (J), PKUM02−0603 (L), and PKUM02−0604 (M). K. Slightly damaged ventral valve,
PKUM02−0605, interior (K1) and enlargement of the posterior region (K2). O–U. Fragmentary specimens probably representing juvenile rhynchonellides.
O. Umbonal region of conjoined valves, PKUM02−0606, in posterior (O1), anterior (internal) (O2), and oblique lateral (O3) views, showing convergent ven−
trally dental plates and cardinalia. P, Q. Interior of two fragmentary umbonal regions of conjoined valves showing convergent ventrally dental plates and
cardinalia, PKUM02−0607 (P) and PKUM02−0608 (Q). R–T. Interior of three fragmentary dorsal valves, PKUM02−0609 (R), PKUM02−0610 (S), and
PKUM02−0611 (T), showing cardinalia and long median septum. U. Interior of umbnonal fragment of the ventral valve, PKUM02−0612, showing well devel−
oped dental plates. A–F, K, L–N SEM micrographs. All from sample MH1.



2008), but others evidently are juvenile stages of large adults.
The latter are most numerous in sample MH1 (see Fig.
35A–N). A shortage of specimens representing transitional
growth stages makes impossible their reliable taxonomic as−
signment but it is highly probable that they represent one or
more athyridide species co−occurring in the assemblage.
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