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ABSTRACT

The Middle Permian-Late Permian boundary (Guadalupian-Lopingian boundary, GLB) interval is
characterised by important faunal assemblage changes. This extinction-turnover episode is consid-
ered by some authors to be the first step of the end-Permian biodiversity drop. The forty-five meters
thickness of sediment encompassing the GLB in Chaotian section (Sichuan Province, South China)
was sampled and processed for ostracod study. This study presents the first analysis of ostracod fau-
nas in the GLB interval. A total of 154 species belonging to 29 genera are identified. Three species
are described as new: Bairdia chaotianensis Zazzali, n. sp., Microcheilinella wujiapingensis Zazzali,

KEYggl ?éigas n. sp., Microcheilinella pagodaensis Zazzali, n. sp. All the ostracods discovered in the section belong
’ to shallow marine taxa. So these results are not consistent with previous interpretations (lagoonal
Ostracods, P p &
Sgpt(}il. China, environment or deep water setting) based on other evidences. Abundance and diversity present a rapid
. lodlversity, and noticeable decline in the Early Capitanian. Recovery is then recorded about three meters above
Middle-Late Permian, ) y -aplt y
Guadalupian-Lopingian the GLB. At specific level, a 93% extinction rate and a 96% turnover rate are recorded at the GLB.
P P
Cbopn ary,  Moreover, Palacocopida, straight dorsal border ostracods known to progressively disappear from the
apitanian- . . o o .
Wuchigpingian Late Permian to the basal Middle-Triassic, are here less abundant and diversified after the GLB. This
,
new species. could reflect the first step of their disappearance at the end of the Palacozoic.
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RESUME

Biodiversité a la limite Guadalupien-Lopingien: premiers résultats sur la faune d'ostracodes, coupe de
Chaotian (province du Sichuan, Chine du Sud).

Lintervalle de temps bordant la limite Permien moyen-Permien supérieur (limite Guadalupien-
Lopingien, GLB) est caractérisé par d’importantes modifications d’assemblages. Cet épisode
d’extinctions-renouvellement est considéré par certains auteurs comme la premiére étape du
déclin de la biodiversité & la fin du Permien. Les échantillons prélevés sur les quarante-cing
meétres encadrant la GLB & Chaotian (province du Sichuan, Chine du Sud) ont été traités pour
I'étude des ostracodes. Les travaux présentés ici constituent la toute premiére analyse des faunes
d’ostracodes dans I'intervalle de temps bordant la GLB. 154 especes appartenant a 29 genres sont
identifiées. Trois nouvelles espéces sont décrites : Bairdia chaotianensis Zazzali, n. sp., Microchei-
linella wujiapingensis Zazzali, n. sp., Microcheilinella pagodaensis Zazzali, n. sp. Les ostracodes
retrouvés au sein de la coupe appartiennent tous a des taxons marins peu profonds. Ces résultats
ne sont pas en accord avec les précédentes interprétations (milieu lagunaire ou milieu trés pro-
fond) basées sur I'étude de divers autres parameétres et taxons. Labondance et la diversité déclinent
rapidement et significativement au Capitanien inférieur. La récupération est ensuite enregistrée
environ trois metres au-dessus de la GLB. Au niveau spécifique, un taux d’extinction de 93 % et
un taux de renouvellement de 96 % sont enregistrés & GLB. De plus, les Palacocopida, connus
pour disparaitre progressivement du Permien supérieur & la base du Trias moyen, sont ici moins
abondants et diversifiés aprés la GLB. Cela pourrait constituer la premiére étape de leur dispa-
rition 2 la fin du Paléozoique.

INTRODUCTION

Late Permian (Lopingian) and Early Triassic times are
characterised by major global environmental changes and
events leading to the most important mass extinction of
the all Phanerozoic. Another biological event was evidenced
7.7My before the PTB (Permian-Triassic Boundary) in
the upper part of the Guadalupian (Middle Permian),
before the Guadalupian-Lopingian Boundary (GLB). It
was first demonstrated by a turnover in foraminifera and
particularly amongst fusulinids (Stanley & Yang 1994;
Jin er al. 1994). Stanley & Yang (1994) estimated that
71% of marine species already disappeared at the end of
the Capitanian (Late Guadalupian). More recent studies
reveal that the extinctions already occurred in the Middle
Capitanian within Jinogondolella altudaensis conodont
Zone, significantly below the GLB (Fig. 1) (Bond er al.
2010b). This marine crisis affected also corals, bryozoans,
brachiopods, bivalves, calcareous algae and ammonoids
(e.g. Jin et al. 1995; Wang & Sugiyama 2000; Isozaki &
Aljinovic 2009; Shen & Shi 2009; Bond ez /. 2010b).
Bond ez al. (2010a) highlighted this crisis also on land,
with extinction of 24% of plants in South China and 56%
in North China. Several geological phenomena have been
suggested to be at the origin of this biodiversity drop: re-
gression (Isozaki ez al. 2008; Wignall ez 2/. 2009), volcanism
(Emeishan flood basalt Province, Isozaki ez 2/. 2007, 2008;
He e al. 2010), methane release (Thompson ez al. 2001;
Retallack & Jahren 2008) and climatic changes (Veizer
et al. 2000; Isozaki ez al. 2007; Isozaki 2009).

284

The PTB and GLB biodiversity drops are considered by
some authors as a double-phased extinction event in the Late
Palaeozoic (Yin et al. 2007). Some others favor a gradual de-
crease in diversity from the Wordian (Middle Guadalupian)
up to the end of the Permian (Clapham ez a/. 2009). This
paper presents the first results on ostracod fauna at the GLB

based on the study of the reference Chaotian section (Sichuan
Province, P R. China; Fig. 2).

GEOLOGICAL SETTING

During the Late Palacozoic-Early Mesozoic period, the
South China block (SCB) was located on the eastern part of
Pangaea, in equatorial position (Fig. 3A). It was bathed by
the Palaeotethys Ocean to the West and by the Panthalassa
mega-ocean to the East (Scotese & Langford 1995). The
SCB was at this time in a 90° counter clockwise position
with regard to the present day location (Fig. 3B). Middle
Permian and earliest Triassic (Induan) carbonate sediments
are well-exposed along the two banks of the Jialingjiang
River, north of Chaotian (north of Guangyuan, NE Sichuan,
Figs 2; 4). The Chaotian section (30°23.713N-106°49.615E)
mainly consists of marine shelf carbonates deposited on the
Palaeo-Tethyan side of South China block (Isozaki ez a/.
2008). Late Guadalupian (Capitanian) sediments of the
Maokou Fm consist of thick massive calcareous beds with
occasional flint layers notably at base of the section. This
informally designed “Unit 1” of Lai ez a/. (2008) and “Main
Limestone” of Isozaki ez a/. (2008) was recently named
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“Limestone Unit” by Saitoh ez al. (2013a). It is divided
in three subunits, L1 to L3, dated from Wordian to Early
Capitanian by conodonts (Isozaki ez a/. 2008; Lai ez al.
2008; Saitoh ez al. 2013a). We consider here only the up-
per part of the last subunit, L3, which is Early Capitanian
in age (Jinogondolella postserrata conodont Zone, Fig. 1)
and is mainly composed of packstones with marine fos-
sils, including calcareous algae, foraminifers and ostracods
(Isozaki er al. 2008).

The upper part of the Maokou Fm is represented by a
11 m series called “Unit 2” by Lai ez a/. (2008), “Uppermost
Member” by Isozaki ez al. (2008) and “Mudstone Unit” by
Saitoh er al. (2013a, b). It is composed of an alternation
of thinly bedded black calcareous mudstones, black cherts,
black siliceous mudstones, dark grey limestones and dark
grey dolostones. Saitoh ez a/. (2013a) subdivided this “Mud-
stone Unit” in two subunits. The M1 lower carbonate-rich
one contains conodonts, fragmented brachiopods, small
foraminifera and ostracods. It is Early-Middle Capitanian
in age (/. shannoni conodont Zone and Pseudoalbaillella
longtanensis-P globosa radiolarian assemblage in Saitoh
etal. 2013a). The M2 upper subunit, is dominated by black
calcareous mudstones yielding radiolarians, ammonoids
and gastropods in some chert layers. The age of M2 is not
clearly constrained and it is possible that the Late Capita-
nian is missing (Saitoh ez 2/. 2013a). The “Mudstone Unit”
is capped by the Wangpo Bed (Fig. 4), a two-meter-thick
deeply weathered air-fall ash bed called “G-L Boundary
acidic tuff” (Isozaki et 2/. 2004), and termed Xuanwei Fm
in South China (He et 2/. 2007) where volcanoclastic de-
posits are common at the GLB (Wignall ez /. 2009; Bond
et al. 2010a). The volcanic origin of the Wangpo Bed was
recently challenged by He ez /. (2010) who suggest that
it corresponds to a clastic deposit originating from the
erosion of volcanic rocks from the Emeishan Large Igne-
ous Province. Recent analysis of clay mineral assemblages
of the Wangpo Bed (Deconinck ez al. 2014) precises that
they are composed of volcanic particles directly deposited
in marine environment reworked with volcanic material
first deposited on continent. The base of the Wangpo Bed
is directly dated ¢. 260 + 4My by U-Pb dating of zircons
(He ez al. 2007). The Wangpo Bed is considered by Saitoh
et al. (2013a, b) to belong to the Wujiaping Fm buct it is
a distinct “unit” which clearly separates the Maokou Fm
from the overlying strata.

The Wujiaping Fm begins by a black argillaceous horizon,
called “black level”, also referred as coaly mudstone with
plant debris (Isozaki e a/. 2008). The facies drastically
change after this interval. Indeed, the overlying sediments
are dominantly composed of bioclastic packstones with
many foraminifera (but with less diverse populations of
fusulinids than in the Maokou Fm), calcareous algae, sili-
ceous sponge spicules, ostracods and brachiopods (Isozaki
et al. 2008; Lai et al. 2008; Saitoh ez 2/ 2013a). Numer-
ous centimetric to decimetric yellowish to buff-coloured
tuff layers are intercalated in this formation with an up-
ward increasing frequency. We pay attention here to the
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Fig. 1. — Middle-Late Permian boundary conodont Zones and South China
formations (modified after Mei & Henderson 2001; Jin et al. 2006).

27 first meters of the Wujiaping Fm. The presence of
Codonofusiella-Reichelina small fusuline assemblage in the
first levels of this formation, allows Isozaki ez 2/ (2008)
and Saitoh ez 2/ (2013a) to locate the GLB at the base of
the bioclastic limestones.

There is an agreement about the palacoenvironmental
interpretation of “Limestone Unit” of the Maokou Fm and
lower part of the Wujiaping Fm which are both deposited
on oxic shelf in the euphotic zone. The “black level”, at the
base of the Wujiaping Fm, is interpreted as near-shore to
continental environment sediments deposited after a ma-
jor regressive event at the end of the Capitanian (Isozaki
et al. 2008; Lai et al 2008; Saitoh ez a/. 2013a, b). Simi-
lar facies are widespread in South China and are referred
to the Heshan Fm. These coal seams were deposited in
swamps developed on or adjacent to tidal-flats (Shao ez a/.
1998, 2003). The significance of the “Mudstone Unit” is
more controversial. Isozaki ez /. (2008) and Saitoh ez al.
(2013a, b) consider that it represents a two-step deepening
(first one during M1 subunit and second one during M2
subunit) up to oxygen-depleted slope/basin environment
in the disphotic zone. These authors consider that there is
a very sharp sea-level drop during or after the deposition
of the Wangpo Bed. According to Lai ez /. (2008), Unit 2
(=“Mudstone Unit”) was deposited in a shallow environ-
ment close to emergence.

MATERIAL AND METHODS

Forty-six samples, distributed through the 45 m thick se-
quence flanking the GLB (Fig. 4), have been processed for
ostracod analysis. The “Mudstone Unit” presents facies (mud-
stones and cherts) unfavourable for ostracod preservation
and release. The M1 and M2 subunit are mainly silicified.
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(map in present day latitudes, modified from Wang & Jin 2000).

Only the lower part of the M1 subunit, more calcareous,
was sampled (11CHAO153 to 11CHAO158). Due to the
facies, the Wangpo Bed composed of ashes and the coaly
“black level” were not taken in consideration in this study
(11CHAO159 to 11CHAO162).

The extraction of calcareous ostracod carapaces from calcare-
ous rocks is achieved by hot acetolysis (Lethiers & Crasquin-
Soleau 1988; Crasquin-Soleau ¢z /. 2005). An average of
15 grams from the sediment fine fraction (between 530 and
140 pm) has been studied for each sample. Six samples are
barren, five from the Maokou Fm (11CHAQO152, L3 subu-
nit; 11CHAQO153/154/155/157, M1 subunit) and one from
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the Wujiaping Fm (11CHAO78). From the 40 productive
samples (Fig. 4), three yielded only unidentifiable specimens
(11CHAQO75/76177).

A total of 154 species belonging to 29 genera are identi-
fied and figured (Table 1; Figs 5-17). Three new species are
described, 11 species are formally recognized and one is
compared to a previously described one. With regard to the
poor preservation and/or the low number of specimens, all
the other species are presented in open nomenclature but are
nevertheless figured (Figs 5-17).

All specimens are deposited in the Université Pierre et Ma-
rie Curie, Paris (UPMC) collection (numbers: P6Mxxxx).
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TaBLE 1. — Stratigraphic distribution of Capitanian-Wuchiapingien ostracods in Chaotian section. Abundances are indicated by numerical values (number of
specimens).

Middle Permian
Late Guadalupian

Upper Permian
Early Lopingian

Age Capitanian Wuchiapingian
Formations Maokou Formation
Mud
stone Woujiaping Formation
Unit
Limestone Unit (L3) (M1)
PRERBEE838I 58 8 B N OO+ ONDOrANLON®DDSS
55555555555550 0§ 55508885808688888888855
CLELELCLILCLICILCILCCL K K ICILCLCICICEICACICICCECICCCICLC I
ITIIIIIIIIIIIII I ITITIIIITIIIIIIIIIIIIIIICI
2222020202020 0 2 8/22222022022020020220202022000
Samples Al ol ol ol ol ol L B o R Al ol ol ol ol e ol ol o i ol ol ol ol Sl ol ol o ol

Knightina sp. 1
Mirabairdia sp. 1
Bairdia sp. 1
Acratinella sp. 1
Permoyoungiella? sp. 1
Basslerella sp. 1
Bairdiacypris sp. 1
Silenites? sp. 1
Knoxitidae sp. 1
Silenites? sp. 2
Microcheilinella sp. 1
Bairdia sp. 2
Bairdia sp. 3
Acratia sp. 1
Healdianella sp. 1
Cyathus caperata? (Guan, 1978)
Hollinella martensiformis
Crasquin, 2010
Neoamphissites sp. 1
Bairdiacypris sp. 2
Basslerella sp. 2
Acratinella? sp. 2
Waylandella sp. 1
Basslerella sp. 3
Basslerella? sp. 4
Roundyella? sp. 1
Fabalicypris sp. 1
Basslerella sp. 5
Basslerella sp. 6
Basslerella sp. 7
Bairdia chaotianensis
Zazzali, n. sp.
Microcheilinella pagodaensis
Zazzali, n. sp.
Samarella viscusforma
Chitnarin, 2012
Kirkbya sp. 1
Bairdia sp. 4
Microcheilinella sp. 2
Bairdiacypris sp. 3
Bairdia sp. 5
Bairdia sp. 6
Acratia sp. 2
Kirkbyoidea sp. 1
Bairdia sp. 7
Bairdiacypris? sp. 4
Bairdia sp. 8
Kirkbya sp. 2
Bairdiacypris sp. 5
Bairdia sp. 9
Kirkbyoidea sp. 2
Kirkbyoidea sp. 3
Knightina? sp. 2
Bairdia sp. 10
Reviya cf. subsompongensis Chitnarin, 2008
Bairdia sp. 11
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TaBLE 1. — Continuation.

Middle Permian
Late Guadalupian

Upper Permian
Early Lopingian

Age Capitanian Wuchiapingian
Formations Maokou Formation
Mud
stone Woujiaping Formation
Unit
Limestone Unit (L3) (M1)
OANTFrODONOOL T~ M 2 o
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Samples FFFFFFFFFFFEFFEFES S O FFFFFFFFFIFFFFFFFFEFEFEFS -
Kirkbya sp. 3

Sulcella suprapermiana? Kozur, 1985

Kindlella sp. 1

Roundyella sp. 2

Bairdia sp. 12
Microcheilinella? sp. 3
Knoxiella sp. 1
Microcheilinella? sp. 4
Kirkbya sp. 4

Hollinella sp. 1

Cyathus elliptica? Shi, 1987
Acratia sp. 3

Geffenina posterodorsospina? Chitnarin, 2012

Knoxiella sp. 2
Fabalicypris sp. 2
Microcheilinella sp. 5
Acratia sp. 4
Microcheilinella sp. 6

Microcheilinella rectodorsata? Forel, 2010

Basslerella sp. 8
Basslerella sp. 9
Bairdiacypris sp. 6
Bairdia sp. 13
Microcheilinella sp. 7

Acratia nagyvisnyoensis? Forel, 2013

Bairdia sp. 14
Microcheilinella sp. 8
Microcheilinella sp. 9
Kegelites sp. 1
Microcheilinella sp. 10
Bairdia sp. 15

Bairdia sp. 16
Bairdiacypris sp. 7
Acratinella sp. 3
Acratia recurvata? Cordell, 1952
Silenites? sp. 3
Bairdia sp. 17
Petasobairdia sp. 1
Acratinella sp. 4
Bairdia sp. 18
Fabalicypris sp. 3
Basslerella sp. 10
Petasobairdia sp. 2
Microcheilinella sp. 11
Bairdia sp. 19

Bairdia sp. 20
Silenites? sp. 4
Bairdia sp. 21

Bairdia sp. 22
Microcheilinella sp. 12
Bairdia sp. 23

Bairdia sp. 24

Bairdia sp. 25

Bairdia sp. 26

Bairdia sp. 27
Bairdiacypris sp. 8
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TaBLE 1. — Continuation.

Age

Middle Permian
Late Guadalupian
Capitanian

Upper Permian
Early Lopingian
Wuchiapingian

Formations

Maokou Formation

Limestone

Mud

stone

Unit

Unit (L3)

A
=
—

=

Wujiaping Formation

11CHAO173
11CHAO172
11CHAO171
11CHAO170
11CHAO169
11CHAO168

Samples

11CHAO165
11CHAO164
11CHAO151
11CHAO163
11CHAO156
11CHAO158

11CHAOQ72
11CHAO74
11CHAO79
11CHAO080
11CHAO81
11CHAO082
11CHAO83
11CHAO84
11CHAO85
11CHAO86
11CHAO87
11CHAO88
11CHAO090
11CHAOQ91
11CHA092
11CHAOQ95
11CHAO96
11CHAOQ97
11CHAO098
11CHAO099
11CHAO100
11CHAO101

Fabalicypris sp. 4

Basslerella sp. 11

Microcheilinella sp. 13

Microcheilinella wujiapingensis Zazzali, n. sp.
Bairdia sp. 28

Ceratobairdia? ambigua Ishizaki, 1964
Bairdia sp. 29

Sulcella sp. 1

Sulcella mesopermiana? Kozur, 1985
Kirkbya sp. 5

Bairdia sp. 30

Microcheilinella sp. 14

Microcheilinella sp. 15

Microcheilinella sp. 16

Basslerella sp.12

Microcheilinella sp. 17

Bairdia sp. 31

Silenites? sp. 5

Bairdia sp. 32

Silenites? sp. 6

Bairdia sp. 33

Bairdia sp. 34

Bairdiacypris? sp. 9

Fabalicypris sp. 5

Acratia sp. 5

Mirabairdia sp. 2

Acratinella? sp. 5

Kirkbya sp. 6

Bairdia sp. 35

Bairdia sp. 36

Bairdiacypris sp. 10

Bairdiacypris? sp. 11

Bairdiacypris? sp. 12

Cetollina sp. 1

Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.
Bairdia sp.

ABBREVIATIONS

Lv

AB
ADB
AVB
DB
H

L

anterior border;
antero-dorsal border;
antero-ventral border;
dorsal border;

height;

length;
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PB
PDB
PVB
RV
VB

left valve;

posterior border;
postero-dorsal border;
postero-ventral border;
right valve;

ventral border;

width.
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conodonts
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fusulines

and fusuline occurrences from Isozaki et al. (2008) and Lai et al. (2008).

SYSTEMATIC PALEONTOLOGY

The classification adopted here follows Moore (1961) and
Horne et al. (2002).

Class OSTRACODA Latreille, 1806

Subclass PODOCOPA Miiller, 1894
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Order PODOCOPIDA Miiller, 1894

Suborder PODOCOPINA Sars, 1866

Superfamily BAIRDIOIDEA Sars, 1887
Family ACRATIIDAE Griindel, 1962

Genus Acratia Delo, 1930

‘TYPE SPECIES. — Acratia typica Delo, 1930 by original designation.
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Fic. 5. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, B, Acratia nagyvisnyoensis? Forel, 2013; A, right lateral view, P6M3596,
11CHAOB84; B, right lateral view, PEM3597, 11CHAOB81; C, D, Acratia recurvata? Cordell, 1952; C, left lateral view, P6EM3598, 11CHAO81; D, left lateral view,
P6M3599, 11CHAQ99; E, Acratia sp. 1, right lateral view, P6M3600, sample 11CHAO171; F, Acratia sp. 2, right lateral view, P6M3601, sample 11CHAO167;
G, Acratia sp. 3, right lateral view, PBM3602, sample 11CHAQ95; H, Acratia sp. 4, left lateral view, PBM3603, sample 11CHAQO8O; I, Acratia sp. 5, right lateral
view, P6M3604, sample 11CHAQ95; J, Acratinella sp. 1, left lateral view, P6M3605, sample 11CHAO173; K, Acratinella? sp. 2, right lateral view, P6M3606,
sample 11CHAO173; L, Acratinella sp. 3, right lateral view, P6M3607, sample 11CHAO99; M, Acratinella sp. 4, right lateral view, P6M3608, sample 11CHAO99;
N, Acratinella? sp. 5, right lateral view, PBM3609, sample 11CHAQ97. All photographs represent complete carapaces. Scale bar: 100 ym.
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Acratia nagyvisnyoensis? F orel, 2013

(Fig. 5A, B)

Acratia nagyvisnyoensis Forel in Forel et al., 2013: 204, fig. 10K-O.

MATERIAL EXAMINED. — Four complete carapaces and two broken
carapaces.

DIMENSIONS. — L=629-682 pm; H=308-373 pm.

OCCURRENCES. — Biikk Mountains, Hungary, Late Permian (Forel
etal. 2013); ?Chaotian section, Sichuan Province, China. Wujiaping
Formation, basal Wuchiapingian, Late Permian (this study, samples:
11CHAOS81, 11CHAOS84, see Table 1).

REMARKS

Our specimens are very similar to A. nagyvisnyoensis Forel,
2013 from the Late Permian of Hungary (Forel ez al. 2013)
but differ in having longer carapaces and a less arched DB.

Acratia recurvata? Cordell, 1952
(Fig. 5C, D)

Acratia recurvata Cordell, 1952: 81, 82, pl. 20, fig. 65. — Shi &
Chen 2002: 81, 82, pl. 20, figs 19-24.

MATERIAL EXAMINED. — Three complete carapaces and 13 broken
carapaces.

DIMENSIONS. — L=499-1197 pm; H=244-500 pm.

OCCURRENCES. — Oread Formation, Missouri, USA, Late Car-
boniferous (Cordell 1952); Guangxi, China, Late Permian (Shi &
Chen 2002); ?Chaotian section, Sichuan Province, China, Wujiaping
Formation, basal Wuchiapingian, Late Permian (this study, samples:
11CHAOS1, 11CHAOS5, 11CHAO90, 11CHAO95, 11CHAO97,
11CHAQ98, 11CHAO99, 11CHAO100, see Table 1).

REMARKS

Our specimens are very similar to A. recurvata Cordell, 1952
from the Late Pennsylvanian (Late Carboniferous) of Missouri
(USA; Cordell 1952) and Late Permian of South China (Shi &
Chen 2002) but differ in having a more concave AVB, a VB
slightly concave at mid-L and the PDB connection with DB
forming a more or less marked angle.

Family BAIRDIIDAE Sars, 1887

Genus Bairdia McCoy, 1844

TYPE SPECIES. — Bairdia curta McCoy, 1844 subsequently desig-
nated by Ulrich & Bassler (1923: 320).

Bairdia chaotianensis Zazzali, n. sp.
(Fig. 6D, E; 18)

TYPE MATERIAL. — Holotype: one complete carapace (P6M3613;
Fig. 6D); paratype: one complete carapace (P6M3614; Fig. GE).

ETYMOLOGY. — From the Chaotian section, Type locality.

MATERIAL EXAMINED. —24 complete carapaces and 35 isolated valves.
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DIMENSIONS. — L=694-1160 pm; H=322-631 pm. Holotype:
L=1050 pm; H=557 pm. Paratype: L=914 pum; H=459 pm (Fig. 18).

TYPE HORIZON. — Sample 11CHAO172, “Limestone Unit” (L3),
Maokou Formation, Middle Capitanian, Middle Permian.

TYPE LOCALITY. — Chaotian section (30°23.713N-106°49.615E),
Sichuan Province, P. R. China.

OCCURRENCES. — Chaotian section, Sichuan Province, China,
Maokou and Wujiaping Formations, Middle Capitanian-basal
Wuchiapingian, Middle-Late Permian (samples: 11CHAO173,
11CHAO172, 11CHAO170, 11CHAO169, 11CHAO168,
11CHAO167, 11CHAO166, 11CHAO165, 11CHAO164,
11CHAO151, 11CHAOS87, 11CHAOSS8, 11CHAQ92, see Table 1).

DIAGNOSIS. — A species of Bairdia with elongated carapace, AB
and BP with small radius of curvature, hinge line located below DB;
both valves present a more or less expressed shoulder with a crest at
the top, parallel to the hinge line.

DESCRIPTION
Overlap: absent at DB, narrow to absent at AB, PB and PVB,
narrow at AVB and distinct at ADB, PDB and VB.

DB broadly convex at right lateral view. Hinge line located
below DB; presence of more or less expressed shoulder at DB
of both valves with a crest at the top, parallel to the hinge
line; shoulder and crest extend from DB to PDB at RV and
from ADB to PDB at LV.

RV: ADB significantly concave at its median part. AB with
small radius of curvature. AB maximum convexity slightly
above mid-H. AVB gently convex to nearly straight. VB faintly
curved (convex) to nearly straight. PVB in the lengthening
of VB. PB with a smaller radius of curvature than anterior
one. PB pointed near or slightly below mid-H. PDB more
slightly concave than anterior one.

LV: ADB more slightly concave the RV one. AB with small
radius of curvature. AB maximum convexity at mid-H. AVB
gently convex to nearly straight. VB faintly curved (convex) to
nearly straight. PVB gently curved. PB with a smaller radius
of curvature than anterior one. PB pointed near or slightly
below mid-H. PDB more slightly concave than RV one.

Greatest L slightly above mid-H. Greatest H slightly an-
terior to mid-L.

In dorsal view, lateral outlines asymmetrically convex, with
a maximum of W at mid-L and mid-H. RV slightly to sig-
nificantly wider than LV.

L/H=0.5.

REMARKS

Within Wuchiapingian specimens some intraspecific varia-
tions are observed. Some specimens present slightly higher
valves, wider carapaces and, at LV more prominent DB
shoulder and crest than at RV. More or less faint angles
could be observed at RV between DB and upper half of PDB
and ADB. Some differences could also be noticed between
Capitanian and Wuchiapingian specimens. Capitanian ones
show more rounded valves, with a RV significantly wider
than LV, and a more marked mid-dorsal crest on shoul-
der’s top. Wuchiapingian specimens are, proportionally,
slightly longer, DB is also longer. DB of Wuchiapingian
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Fic. 6. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A-C, Ceratobairdia? ambigua Ishizaki, 1964; A, P6M3610, 11CHAO88;
B, P6M3611, 11CHAO88; C, P6M3612, 11CHAOS8S8; D, E, Bairdia chaotianensis Zazzali, n. sp.; D, holotype, P6M3613, 11CHAO172; E, paratype, P6M3614,
11CHAOS8S; F, Bairdia sp. 1, P6M3615, sample 11CHAO173; G, Bairdia sp. 2, P6M3616, sample 11CHAO173; H, |, Bairdia sp. 3; H, P6M3617, sample 11CHAO171;
1, P6M3618, sample 11CHAO171; J, Bairdia sp. 4, P6M3619, sample 11CHAO172; K, Bairdia sp. 5, P6M3620, sample 11CHAO171; L, Bairdia sp. 6, P6M3621,
sample 11CHAO171; M, Bairdia sp. 7, P6M3622, sample 11CHAO171; N, O, Bairdia sp. 8; N, PEM3623, sample 11CHAO170; O, P6M3624, sample 11CHAO165.
All photographs represent complete carapaces in right lateral view, except F in left lateral view. Scale bar: 100 pm.
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specimens is about the half of L and about the third of L
for Capitanian ones.

The presence of DB shoulder and crest on each valve distin-
guishes B. chaotianensis Zazzali, n. sp. from all the other close
species. Bairdia chaotianensis Zazzali, n. sp. could be compared
to B. sp. 9 sensu Cordell (1952) from the Late Pennsylvanian
(Late Carboniferous) of Missouri (USA; Cordell 1952) by its
general lateral RV shape. It differs here by the absence of overlap
at DB, more concave ADB and PDB and by more rounded
sides in dorsal view. Bairdia chaotianensis Zazzali, n. sp. is also
close to Orthobairdia oklahomensis (Harlton, 1927) (in Mel-
nyk & Maddocks 1988b) from the Late Pennsylvanian (Late
Carboniferous) of Texas (USA) by RV general lateral outline.
It differs here by a PDB more concave at RV, the absence
of DB overlap, and a longer posterior end. B. chaotianensis
Zazzali, n. sp. differs here from B. urodeloformis Chen, 1987
(in Crasquin ez al. 2010) from latest Permian of Meishan
section, Zhejiang province, China, by its PB and AB smaller
radius of curvature. It differs also here by an arched DB, an
ADB deeply concave in right lateral view and a maximum of
overlapping located at VB.

Internal characters could not be observed due to the infill-
ing and preservation.

Genus Ceratobairdia Sohn, 1954

TYPE SPECIES. — Ceratobairdia dorsospina Sohn, 1954 by original
designation.

Ceratobairdia? ambigua Ishizaki, 1964
(Fig. 6A-C)

Ceratobairdia? ambigua Ishizaki, 1964: 155, pl.19, fig. 6a, b (non
figs 7, 8).

Bairdia guangxiensis Guan in Guan ez al., 1978: 154, pl. 38, figs 3,
4. — Wang 1978: 291 pl. 3, fig. 5. — Chen & Shi 1982: 122, pl. 5,
fig. 17. — Wei ez al. 1983: 56, pl. 15, fig. 6. — Chen & Bao 1986:
114, pl. 3, figs 7, 8. — Shi & Chen 1987: 31, pl. 3, figs 1-9; 2002:
67, pl. 5, figs 1-9; pl. 28, figs 1, 2.

Bairdia fujisan Tanaka & Maeda in Tanaka ez al., 2012: 96, fig. 6.3.

Bairdia nishiwakii Tanaka & Nishimura 7z Tanaka ez 2/., 2013: 297,
fig. 8.1 (non fig. 2).

MATERIAL EXAMINED. — Five complete carapaces, ten broken car-
apaces, five isolated valves and three broken valves.

DIMENSIONS. — L=1020-1570 pm; H=666-974 pm.

OCCURRENCES. — Kitakami Massif, North-East Japan, Middle
Permian (Ishizaki 1964); Guangxi Province, China, Late Permian
(Guan ez al. 1978); Guizhou province, China, Late Permian (Wang
1978); Jiangsu Province, China, latest Permian (Chen & Shi 1982);
Guizhou Province, China, Late Permian (Wei ez a/. 1983); Jiangsu
Province, China, Early Permian (Chen & Bao 1986); Zhejiang
Province, China, latest Permian (Shi & Chen 1987); Guangxi,
China, Late Permian (Shi & Chen 2002); Gifu Prefecture, Japan,
Early Permian (Tanaka ez a/. 2012); Gifu Prefecture, Japan, Middle
Permian (Tanaka ez 2/ 2013); Chaotian section, Sichuan Province,
China, basal Wuchiapingian, Late Permian (this study; sample:
11CHAQOSS, see Table 1).
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REMARKS

Ceratobairdia? ambigua Ishizaki, 1964 shows a strong dorsal
and ventral overlap. L of DB is about the third of carapace L.
DB and VB are nearly straight at RV and slightly convex to
nearly straight at LV. The maximum thickness is located at
mid-L, slightly below midventral part of valves. In anterior
and posterior views, VB is quite flat and bounded by a ven-
tral ridge or alae. This structure, added to the flat ventral
area, leads to a specific subtriangular shape that could be
observed in anterior/posterior view. A sinuous midventral
contact margin is also observed. We suggest then that Bairdia
guangxiensis Guan, 1978, Bairdia fujisan Tanaka & Maeda,
2012 and Bairdia nishiwakii Tanaka & Nishimura, 2013 are
junior synonyms of C.? ambigua Ishizaki, 1964.

Suborder SIGILLIOCOPINA Martens, 1992
Superfamily SIGILLOIDEA Mandelstam, 1960
Family MICROCHEILINELLIDAE Gramm, 1975

Genus Microcheilinella Geis, 1933

‘TYPE SPECIES. — Microcheilus distortus Geis, 1932 by original designation.

Microcheilinella wujiapingensis Zazzali, n. sp.
(Fig. 11G, H)

TYPE MATERIAL. — Holotype: one complete carapace (P6M3690;
Fig. 11G); paratype: one complete carapace (P6M3691; Fig. 11H).

ETYMOLOGY. — From the Type horizon, Wujiaping Formation.

MATERIAL EXAMINED. — Four complete carapaces and three bro-
ken carapaces.

DIMENSIONS. — LV: L=524-567 pm; H=353-386 pm. Holotype:
L=535 pm; H=370 pm. Paratype: L=531 um; H=386 pum.

TYPE HORIZON. — Sample 11CHAOS88, Wujiaping Formation,
basal Wuchiapingian, Late Permian.

TYPE LOCALITY. — Chaotian section (30°23.713N, 106°49.615E),
Sichuan Province, P. R. China.

OCCURRENCES. — Chaotian section, Sichuan Province, China,
Wujiaping Formation, basal Wuchiapingian, Late Permian (sample:
11CHAQSS, see Table 1).

D1aGNoOsIs. — A species of Microcheilinella with medium sized

carapace. Both valves present prominent mid-dorsal shoulder. Maxi-
mum W located behind mid-L at RV and in front of mid-L at LV.

DESCRIPTION

LV overlaps RV all around the carapace: very slightly at DB,
narrowly at PDB, PVB and AVB, distinctly at ADB, AB, PB
and VB. Overlap maximum at VB.

Hinge line straight, equalling about two third of RV length
and about half the LV length, located well below DB of both
valves which present prominent mid-dorsal shoulder.

RV: DB nearly straight and mid-dorsal shoulder broadly
convex in lateral view. PDB and PB slightly flattened laterally.
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Fic. 7. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Bairdia sp. 9, P6M3625, sample 11CHAO168; B, Bairdia sp. 10, P6M3626,
sample 11CHAO165; C, Bairdia sp. 11, P6M3627, sample 11CHAO166; D, Bairdia sp. 12, P6M3628, sample 11CHAO163; E, Bairdia sp. 13, PEM3629, sample
11CHAOB81; F, Bairdia sp. 14, P6M3630, sample 11CHAO82; G, H, Bairdia sp. 15; G, P6M3631, sample 11CHAO95; H, PEM3632, sample 11CHAO99; I, Bair-
dia sp. 16, P6M3633, sample 11CHAO85; J, Bairdia sp. 17, P6M3634, sample 11CHAO82; K, Bairdia sp. 18, P6M3635, sample 11CHAQO83; L, Bairdia sp. 19,
P6M3636, sample 11CHAO87; M, N, Bairdia sp. 20; M, P6M3637, sample 11CHAO88; N, PEM3638, sample 11CHAO88; O, Bairdia sp. 21, P6M3639, sample
11CHAQ95. All photographs represent complete carapaces in right lateral view. Scale bar: 100 ym.
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Fic. 8. — Ostracods from Lopingian in South China: A, Bairdia sp. 22, P6M3640, sample 11CHAQ96; B, Bairdia sp. 23, PEM3641, sample 11CHAO99; C, D, Bair-
dia sp. 24; C, P6M3642, sample 11CHAO87; D, P6M3643, sample 11CHAO100; E, Bairdia sp. 25, P6M3644, sample 11CHAO95; F, Bairdia sp. 26, P6M3645,
sample 11CHAO100; G, Bairdia sp. 27, PEM3646, sample 11CHAO100; H, Bairdia sp. 28, P6M3647, sample 11CHAO88; |, Bairdia sp. 29, PEM3648, sample
11CHAO8S; J, K, Bairdia sp. 30; J, P6M3649, sample 11CHAO88; K, P6EM3650, sample 11CHAO95; L, Bairdia sp.31, P6M3651, sample 11CHAO100; M, Bair-
dia sp. 32, P6M3652, sample 11CHAO92; N, Bairdia sp. 33, PEM3653, sample 11CHAQ95; O, Bairdia sp. 34, P6M3654, sample 11CHAO95. All photographs
represent complete carapaces in right lateral view, except M which is a left valve in left lateral view. Scale bar: 100 pm.
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Fic. 9. — Ostracods from Lopingian in South China: A, Bairdia sp. 35, PEM3655, sample 11CHAO99; B, Bairdia sp. 36, P6M3656, sample 11CHAO99; C, Bair-
dia sp. 37, P6M3657, sample 11CHAQ97; D, Bairdia sp. 38, PEM3658, sample 11CHAO100; E, Bairdia sp.39, P6M3659, sample 11CHAO99; F, Bairdia sp. 40,
P6M3660, sample 11CHAO99; G, Bairdia sp. 41, PBM3661, sample 11CHAQ99; H, Bairdia sp. 42, P6M3662, sample 11CHAQ99; I, Bairdia sp. 43, P6M3663,
sample 11CHAQ99; J, Bairdia sp. 44, P6M3664, sample 11CHAO99; K, Bairdia sp. 45, P6M3665, sample 11CHAO100; L, Bairdia sp. 46, P6M3666, sample
11CHAO100; M, Bairdia sp. 47, P6M3667, sample 11CHAO100; N, Bairdia sp. 48, P6M3668, sample 11CHAO100; O, Cetollina sp. 1, PM3775, sample 11CHAO95.
All photographs represent complete carapaces, except O which is a broken one, all in right lateral view. Scale bar: 100 pm.
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Fig. 10. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Mirabairdia sp. 1, P6M3669, sample 11CHAO173; B, Mirabairdia
sp. 2, P6M3670, sample 11CHAO97; C, Petasobairdia sp. 1, PEM3671, sample 11CHAO82; D, Petasobairdia sp. 2, P6M3672, sample 11CHAO88; E, Bairdia-
cypris sp. 1, P6BM3673, sample 11CHAO171; F, Bairdiacypris sp. 2, PEM3674, sample 11CHAO173; G, Bairdiacypris sp. 3, PEM3675, sample 11CHAO172;
H, Bairdiacypris? sp. 4, P6M3676, sample 11CHAO169; |, Bairdiacypris sp. 5, P6M3677, sample 11CHAO166; J, Bairdiacypris sp. 6, P6M3678, sample
11CHAO8O0; K, Bairdiacypris sp. 7, P6M3679, sample 11CHAO87; L, Bairdiacypris sp. 8, P6M3680, sample 11CHAO88; M, Bairdiacypris? sp. 9, P6M3681,
sample 11CHAOQO95; N, Bairdiacypris sp. 10, P6M3682, sample 11CHAO99; O, Bairdiacypris sp. 11, P6M3683, sample 11CHAO100. All photographs repre-
sent complete carapaces in right lateral view. Scale bar: 100 ym.

PB with small radius of curvature. PB maximum convexity
located at mid-H. Ventral margin broadly convex. AB broadly
rounded with maximum convexity at mid-H. Greatest L lo-
cated at mid-H. Greatest H located slightly anterior to mid-L.

LV: DB nearly straight. Mid-dorsal shoulder more promi-
nent than at RV. Anterior part of the shoulder nearly straight.
ADB and AB broadly rounded with maximum convexity
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located slightly below mid-H. Posterior part of the shoulder
slightly concave at median part. PDB nearly straight. PB
with small radius of curvature, smaller than RV one. PB
maximum convexity located slightly above mid-H. Ventral
margin more convex at LV than at RV. Greatest L located
slightly above mid-H at LV. Greatest H located slightly
anterior to mid-L.
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Fic. 11. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Bairdiacypris? sp. 12, P6M3684, sample 11CHAQ95; B, Fabalicypris sp. 1,
P6M3685, sample 11CHAO172; C, Fabalicypris sp. 2, P6M3686, sample 11CHAO82; D, Fabalicypris sp. 3, P6M3687, sample 11CHAO83; E, Fabalicypris sp. 4,
P6M3688, sample 11CHAQ95; F, Fabalicypris sp. 5, P6M3689, sample 11CHAO95; G, H, Microcheilinella wujiapingensis Zazzali, n. sp.; G, holotype, P6M3690,
11CHAOB8S; H, paratype, PEM3691, 11CHAOS8S; |, J, Microcheilinella pagodaensis Zazzali, n. sp.; I, holotype, PEM3692, 11CHAO99; J, paratype, P6M3693,
11CHAO166; K, L, Microcheilinella rectodorsata? Forel, 2010; K, P6M3694, 11CHAO81; L, P6M3695, 11CHAO80; M, Microcheilinella sp. 1, P6M3696, sample
11CHAO172; N, Microcheilinella sp. 2, P6BM3697, sample 11CHAO167; O, Microcheilinella? sp. 3, PEM3698, sample 11CHAO156. All photographs represent
complete carapaces, except O which is a broken one, all in right lateral view. Scale bar: 100 pm.

Carapace asymmetric in dorsal view with W max located behind
mid-L at RV and posterior to mid-L at LV. RV thicker than LV.

REMARKS

Microcheilinella wujiapingensis Zazzali, n. sp. is close to M. ve-
nusta Chen, 1958 from the Early Permian of South China
(Chen 1958). It differs here by its DB which is nearly straight
unlike the convex one of M. venusta Chen, 1958, and by its
mid-dorsal shoulder present on both valves. VB, at RV, is
here broadly convex but seems nearly straight for M. venusta.
VB, at LV, is here more convex than M. venusta one. Micro-
cheilinella venusta maximum W is located near mid-L at both
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valves, whereas M. wujiapingensis Zazzali, n. sp. maximum
W is located behind mid-L at RV and posterior to mid-L at
LV. RV thicker than LV.

Microcheilinella wujiapingensis Zazzali, n. sp. is close to
M. venusta Chen, 1958 (sensu Chen & Shi 1982. In this pa-
per, the species is different from the original one) from latest
Permian of South China, by its LV and RV general outline
in lateral view, its mid-dorsal shoulder on each valves, the LV
ends radius of curvature and maximum on convexity posi-
tion and the general overlap. It differs by the maximum W,
located in the anterior quarter of both valves for M. venusta
(sensu Chen & Shi 1982) in dorsal view.
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Microcheilinella pagodaensis Zazzali, n. sp.
(Figs 111, J; 19)

TYPE MATERIAL. — Holotype: one complete carapace (P6M3692;
Fig. 11I); paratype: one complete carapace (P6M3693; Fig. 11]).

ETYMOLOGY. — Reference to the pagoda at the top of the Chaotian section.

MATERIAL EXAMINED. — 22 complete carapaces and four broken
carapaces.

DIMENSIONS. — L=209-350 pm; H=110-187 pm. Holotype:
L=263 pm; H=138 pm. Paratype: L=306 um; H=169 pm (Fig. 19).

TYPE HORIZON. — Sample 11CHAQ99, Wujiaping Formation, basal
Wuchiapingian, Late Permian.

TYPE LOCALITY. — Chaotian section (30°23.713N-106°49.615E),
Sichuan Province, P. R. China.

OCCURRENCES. — Chaotian section, Sichuan Province, China, Ma-
okou and Wujiaping Formations, Middle Capitanian-basal Wuchiap-
ingian, Middle-Late Permian (samples: 11CHAO 173, 11CHAO172,
11CHAO171, 11CHAO166, 11CHAO84, 11CHAO90, 1 1CHAO92,
11CHAQO97, 11CHAQO99, 11CHAO100, see Table 1).

DIAGNOSIS. — A species of Microcheilinella with small sized carapace.
RV anterior half significantly higher than posterior one in lateral view.
Maximum W located behind mid-L at RV and in front of mid-L at LV.

DESCRIPTION
LV overlaps RV all around the carapace: very slightly at AVB
and VB, narrowly at AB, ADB, PDB and PB, distinctly at DB.

Hinge line straight, equalling about half L.

In right lateral view: DB slightly arched to nearly straight
at RV and broadly convex at LV. PDB arched. PB with small
radius of curvature. PB maximum convexity located below
mid-H. PVB convex. VB slightly concave to nearly straight.
AVB broadly convex. AB broadly rounded with maximum
convexity located at mid-H. Greatest L located near mid-
H. Greatest H anterior to mid-L at RV and near mid-L at
LV. RV anterior half significantly higher than posterior one.

In dorsal view: posterior extremities rounded, anterior
extremities slender. Maximum W located behind mid-L at
RV and in front of mid-L at LV.

REMARKS

The new species is quite different from all the previously
described species. The closest species is an unpublished spe-
cies, M. sp. 10 (Chitnarin 2010, unpublished PhD thesis;
pl. 16, fig. 7), from the Middle Permian of Thailand. This
last species has the same general outline. Here PB radius
of curvature at RV is smaller, the overlap less marked at
PDB and ADB and the RV anterior half significantly higher
than posterior one.

Microcheilinella rectodorsata? Forel, 2010
(Fig. 11K, L)

Microcheilinella rectodorsata Forel in Crasquin et al., 2010: 359,
fig. 22A-G.
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MATERIAL EXAMINED. — Six complete carapaces and two broken
carapaces.

DIMENSIONS. — L=292-416 pm; H=163-235 pm.

OCCURRENCES. — Meishan section, Changxing Formation,
Meishan Member, Changhsingian, Late Permian (Crasquin ez a/.
2010); ?Chaotian section, Sichuan Province, China, Wujiap-
ing Formation, basal Wuchiapingian, Late Permian (this study,
samples: 11CHAO80, 11CHAOS81, 11CHAO85, 11CHAOY5,
11CHAQ99, 11CHAO100, see Table 1).

REMARKS

Our specimens are very similar to M. rectodorsata Forel,
2010 from the Late Permian of China (Crasquin ez 4.
2010) but differ in having longer carapace, less marked
overlapping and more acute PB.

Order PALAEOCOPIDA Henningsmoen, 1953
Suborder BEYRICHICOPINA Scott, 1961
Superfamily APARCHITOIDEA Jones, 1901
Family APARCHITIDAE Jones, 1901

Genus Cyathus Roth & Skinner, 1930

TYPE SPECIES. — Cyathus ulrichi Roth & Skinner, 1930 by original
designation.

Cyathus caperata? (Guan, 1978)
(Fig. 14E, F)

Sinocoelonella caperata Guan in Guan et al., 1978: 149, pl. 37,
fig. 17, pl. 38, fig. 1.

Cyathus caperata — Chen & Bao 1986: 111, pl. 4, fig. 3. — Shi &
Chen 1987: 32, pl. 10, figs 10-18. — Yuan ez al. 2009: 388, 392, pl. 1,
fig. 15.— Crasquin ez al. 2010: 332-334, fig. 3A-D. —Chitnarin ez /.
2012: 806, fig. 4A, B, D, E. — Burrett ez al. 2014: 15-16, fig. 12, t.

MATERIAL EXAMINED. — Eight complete carapaces and two broken
carapaces.

DIMENSIONS. — L=276-453 pm; H=174-255 pm.

OCCURRENCES. — Wugang, Hunan Province, China, Early Permian
(Guan ez al. 1978); Chisia Formation, Jiangsu Province, China, Early
Permian (Chen & Bao 1986); Meishan section, Baoqing and Meishan
Members, Changxing Formation, Zhejiang Province, China, Late
Permian (Shi & Chen 1987; Crasquin ez a/. 2010); Saiwa section,
Guizhou Province, China, latest Permian (Yuan e 2/. 2009); Chai-
yaphum Province, North-eastern Thailand, Early Permian, Phetch-
abun Province, central Thailand, Early Permian and Nakhon Sawan
Province, central Thailand, Middle Permian (Chitnarin ez 2/ 2012);
E-Lert Formation, Thailand, Early Permian (Burrett ez a/. 2014);
?Chaotian section, Sichuan Province, China, Maokou Formation,
Middle Capitanian, Middle Permian (this study, samples: 11CHAO
173, 11CHAO171, 11CHAO170, 11CHAO167, see Table 1).

REMARKS

Our specimens are very similar to C. caperata (Guan, 1978)
from the Permian of Thailand and China (see above) but dif-
fer in having longer and less arched carapaces in dorsal view
and less prominent DB inflation.
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Fic. 12. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Microcheilinella? sp. 4, P6M3699, sample 11CHAO158; B, Microcheilinella
sp. 5, P6M3700, sample 11CHAO97; C, Microcheilinella sp. 6, P6M3701, sample 11CHAQ97; D, Microcheilinella sp. 7, P6M3702, sample 11CHAO81; E, Micro-
cheilinella sp. 8, P6M3703, sample 11CHAO81; F, Microcheilinella sp. 9, P6M3704, sample 11CHAQ87; G, Microcheilinella sp. 10, PEM3705, sample 11CHAO87;
H, Microcheilinella sp. 11, P6M3706, sample 11CHAQ95; I, Microcheilinella sp. 12, PEM3707, sample 11CHAO87; J, K, Microcheilinella sp. 13; J, P6M3708,
sample 11CHAQ95; K, P6M3709, sample 11CHAO88; L, Microcheilinella sp. 14, PBM3710, sample 11CHAO100; M, Microcheilinella sp. 15, PEM3711, sample
11CHAO100; N, Microcheilinella sp. 16, P6BM3712, sample 11CHAQ90; O, Microcheilinella sp. 17, P6M3713, sample 11CHAO100. All photographs represent
complete carapaces in right lateral view, except A and L which are broken. Scale bar: 100 pym.
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Fic. 13. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Silenites? sp. 1, right lateral view, P6M3714, sample 11CHAO173; B, Si-
lenites? sp. 2, right lateral view, P6M3715, sample 11CHAO172; C, Silenites? sp. 3, right lateral view, P6EM3716, sample 11CHAQ97; D, Silenites? sp. 4, right
lateral view, P6M3717, sample 11CHAOB87; E, Silenites? sp. 5, right lateral view, PBM3718, sample 11CHAO91; F, Silenites? sp. 6, right lateral view, P6M3719,
sample 11CHAQ95; G, Waylandella sp. 1, right lateral view, P6M3720, sample 11CHAO165; H, Basslerella sp. 1, left lateral view, P6M3721, sample 11CHAO173;
1, Basslerella sp. 2, left lateral view, PEM3722, sample 11CHAO173; J, Basslerella sp. 3, right lateral view, P6M3723, sample 11CHAO173; K, Basslerella? sp. 4,
left lateral view, P6M3724, sample 11CHAO171; L, Basslerella sp. 5, right lateral view, P6M3725, sample 11CHAO171; M, Basslerella sp. 6, right lateral view,
P6M3726, sample 11CHAO171; N, Basslerella sp. 7, right lateral view, P6M3727, sample 11CHAO168; O, Basslerella sp. 8, right lateral view, PEM3728, sample
11CHAOS8T7. All photographs represent complete carapaces. Scale bar: 100 pm.
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Fic. 14. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Basslerella sp. 9, right lateral view of complete carapace, PEM3729, sam-
ple 11CHAO 99; B, Basslerella sp. 10, right lateral view of complete carapace, PEM3730, sample 11CHAO85; C, Basslerella sp. 11, left lateral view of complete
carapace, P6M3731, sample 11CHAO100; D, Basslerella sp. 12, left lateral view of complete carapace, P6M3732, sample 11CHAQ99; E, F, Cyathus caperata?
(Guan, 1978); E, right lateral view of complete carapace, P6M3733, 11CHAO173; F, dorsal view of complete carapace, P6M3734, 11CHAO171; G, H, Cyathus
elliptica? Shi, 1987; G, left lateral view of complete carapace, PEM3735, 11CHAQO79; H, left lateral view of complete carapace, PEM3736, 11CHAO81; I-K, Hol-
linella martensiformis Crasquin, 2010; |, left lateral view of left valve, P6BM3737, 11CHAO166; J, left lateral view of broken left valve, PEM3738, 11CHAO173;
K, right lateral view of right valve, PBM3739, sample 11CHAO167; L, M, Hollinella sp. 1; L, right lateral view of broken right valve, P6M3740, sample 11CHAO72;
M, right lateral view of broken right valve, P6M3741, sample 11CHAO72. Scale bar: 100 pm.
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Cyathus elliptica? Shi, 1987
(Fig. 14G, H)

Cyathus elliptica Shi in Shi & Chen, 1987: 32, pl. 10, figs 20-23; pl. 17,
figs 5, 6. — Crasquin ez al. 2010: 334, fig. 3E-H. — Chitnarin ez al.
2012: 810, fig. 4C, F, G, J. — Burrett ez al. 2014: 16, fig. 12u-w.

MATERIAL EXAMINED. — One complete carapace and one broken carapace.
DIMENSIONS. — L=334-374 pm; H=152-162 pm.

OCCURRENCES. — Meishan section, Baoging and Meishan Members,
Changxing Formation, Zhejiang Province, China, Late Permian (Shi &
Chen 1987; Crasquin ¢z a/. 2010); Chaiyaphum Province, Northeast-
ern Thailand, Early Permian, Phetchabun Province, central Thailand,
Early Permian and Nakhon Sawan Province, central Thailand, Middle
Permian (Chitnarin ez a/. 2012); E-Lert Formation, Thailand, Early
Permian (Burrett et 2/ 2014); ?Chaotian section, Sichuan Province,
China, Wujiaping Formation, basal Wuchiapingian, Late Permian
(this study, samples: 11CHAO79, 11CHAO8I, see Table 1).

REMARKS

Our specimens are attributed to C. elliptica Shi, 1987 from the
Permian of China and Thailand (see above) with doubt because
of the poor preservation state and the small number of specimens.

Suborder KLOEDENELLOCOPINA Scott, 1961
Superfamily HOLLINOIDEA Swartz, 1936
Family HOLLINELLIDAE Bless & Jordan, 1971

Genus Hollinella Coryell, 1928

TYPE SPECIES. — Hollinella dentata Coryell, 1928 by original des-
ignation.

Hollinella martensiformis Crasquin, 2010
(Fig. 141-K)

Hollinella martensiformis Crasquin iz Crasquin ez al., 2010: 336,
fig. 4D-E — Chitnarin ez /. 2012: 828, fig. 19A-D.

MATERIAL EXAMINED. — Two isolated valves and one broken valve.
DIMENSIONS. — L=477-521 pm; H=286-298 pm.

OCCURRENCES. — Meishan section, Baoqing and Meishan Member,
Changxing Formation, Zhejiang Province, China, Late Permian
(Crasquin et al. 2010); Phetchabun Province, Central Thailand,
Early Permian and Nakhon Sawan Province, Central Thailand,
late Early Permian and Middle Permian (Chitnarin ez /. 2012);
Chaotian section, Sichuan Province, China, Maokou Formation,
Middle Capitanian, Middle Permian (this study, samples: 11CHAO
173, 11CHAOI166, see Table 1).

Superfamily KIRKBYOIDEA Ulrich & Bassler, 1906
Family KIRKBYIDAE Ulrich & Bassler, 1906

Genus Reviya Sohn, 1961

TYPE SPECIES. — Amphissitest obesus Croneis & Gale, 1939 by
original designation.
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Reviya cf. subsompongensis Chitnarin, 2008
(Fig. 16F, G)

Reviya subsompongensis Chitnarin, 2008: 347, fig. 3.14-16.
MATERIAL EXAMINED. — Three isolated valves and one broken valve.
DIMENSIONS. — L=469-617 pm; H=275-381 pm.

OCCURRENCES. — Chaotian section, Sichuan Province, China, Ma-
okou Formation, Middle Capitanian, Middle Permian (this study,
samples: 1 ICHAO 167, 11CHAO166, 11CHAO151, see Table 1).

REMARKS

General appearance of valves suggests R. subsompongensis Chit-
narin, 2008 from the Middle Permian of Thailand (Chitnarin
et al. 2008, 2012). However here, cardinal angles are more
pronounced, PDB more convex, anterior and posterior flattened
extremities more noticeably developed and ornamentation is
also slightly different. Perhaps the present species could belong

to a geographic subspecies of R. subsompongensis.

Superfamily KLOEDENELLOIDEA Ulrich & Bassler, 1908
Family KNOXITIDAE Egorov, 1950

Genus Geffenina Coryell & Sohn, 1938

TYPE SPECIES. — Geffenina marmerae Coryell & Sohn, 1938 by
original designation.

Geffenina posterodorsospina? Chitnarin, 2012
(Fig. 15A, B)

Geffenina posterodorsospina Chitnarin in Chitnarin et al., 2012:
814, fig. 8A-C.

MATERIAL EXAMINED. — Four complete carapaces and three bro-
ken carapaces.

DIMENSIONS. — L=274-525 pm; H=130-305 pm.

OCCURRENCES. — Phetchabun Province, Early Permian (Chitnarin
etal. 2012); ?Chaotian section, Sichuan Province, China, Wujiaping

Formation, basal Wuchiapingian, Late Permian (this study, sample:
11CHAQOSO0, see Table 1).

REMARKS

Our specimens are attributed to G. posterodorsospina Chitnarin,
2012 from the Early Permian of Thailand (Chitnarin ez 2/ 2012)
but differ in having less pronounced or absent posterior cardinal
angle. Some specimens present a thickened ventromedian area
which could be an expression of sexual dimorphism.

Superfamily PARAPARCHITOIDEA Scott, 1959
Family PARAPARCHITIDAE Scott, 1959

Genus Samarella Polenova, 1952

‘TYPE SPECIES. — Samarella crassa Polenova, 1952 by original designation.
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Fic. 15. — Ostracods from Guadalupian in South China: A, B, Geffenina posterodorsospina? Chitnarin, 2012; A, left lateral view of complete carapace, PEM3742,
11CHAOB8Q; B, right lateral view of complete carapace, P6M3743, 11CHAO80; C, Knoxitidae sp. 1, right lateral view of complete carapace, P6M3744, sample
11CHAO171; D, Knoxiella sp. 1, right lateral view of complete carapace, P6M3745, sample 11CHAO156; E, F, Knoxiella sp. 2; E, left lateral view of complete
carapace, P6M3746, sample 11CHAQOB80; F, right sublateral view of complete carapace, P6M3747, sample 11CHAO80; G, Permoyoungiella? sp. 1, right lateral
view of right valve, PBM3748, sample 11CHAO172; H, Kirkbyoidea sp. 1, left lateral view of left valve, P6M3749, sample 11CHAO166; I, Kirkbyoidea sp. 2, left
lateral view of left valve, PBM3750, sample 11CHAO168; J, Kirkbyoidea sp. 3, right lateral view of right valve, PEM3751, sample 11CHAO167; K, L, Roundyella?
sp. 1; K, left lateral view of left valve, PEM3752, sample 11CHAO168; L, left lateral view of complete carapace, P6M3753, sample 11CHAO168; M, Roundyella
sp. 2, left lateral view, P6BM3754, sample 11CHAO158; N, Knightina sp. 1, right lateral view of right valve, PEM3755, sample 11CHAO173; O, Knightina? sp. 2,
right lateral view of right valve, P6M3756, sample 11CHAO167. Scale bar: 100 pm.
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Samarella viscusforma Chitnarin, 2012
(Fig. 16M, N)

Samarella viscusforma Chitnarin in Chitnarin e al., 2012: 818,
819, ﬁgs 13A-E, 15.

MATERIAL EXAMINED. — 34 complete carapaces and eight broken
carapaces.

DIMENSIONS. — L=281-592 pm; H=193-477 pum.

OCCURRENCES. — Loei Province, Northeastern Thailand, Early
Permian, Phetchabun Province, Central Thailand, Early Permian
and Nakhon Sawan Province, Central Thailand, Late Early Permian
and Middle Permian (Chitnarin et /. 2012); Chaotian section,
Sichuan Province, China, Maokou and Wujiaping Formations,
Middle Capitanian-basal Wuchiapingian, Middle-Late Permian
(this study, samples: 11CHAO 173, 11CHAO172, 11CHAO171,
11CHAO169, 11CHAO163, 11CHAO151, 11CHAOS80,
11CHAOS81, 11CHAOS82, 11CHAOS83, 11CHAOS84, 11CHAOSS,
11CHAQ92, 11CHAO100, 11CHAO101, see Table 1).

REMARKS

Variations could be quite important in carapace size, DB
shape or VB convexity. The question of the presence of
different species could come up. But we observe all the
transitional forms between the different extreme mor-
photypes. So we make the choice to gather all of them in
S. viscusforma.

Order PLATYCOPIDA Sars, 1866
Suborder PLATYCOPINA Sars, 1866
Superfamily CAVELLINOIDEA Egorov, 1950
Family CAVELLINIDAE Egorov, 1950

Genus Sulcella Coryell & Sample, 1932

TYPE SPECIES. — Sulcella sulcara Coryell & Sample, 1932 by origi-
nal designation.

Sulcella mesopermiana? Kozur, 1985
(Fig. 17A)

Sulcella mesopermiana Kozur, 1985: 22, pl. 5, figs 3, 4. — Crasquin-
Soleau & Baud 1998: pl. 3, figs 3, 5, 6, 9.

MATERIAL EXAMINED. — One complete carapace.
DIMENSIONS. — L=759 pm; H=434 pm.

OCCURRENCES. — Biikk Mountains, Hungary, Middle and Late
Permian (Kozur 1985); Hydra Island, Greece, Late Permian (Cras-
quin-Soleau & Baud 1998); ?Chaotian section, Sichuan Province,
China, Wujiaping Formation, basal Wuchiapingian, Late Permian
(this study, samples: 11CHAQOSS8, see Table 1).

REMARKS

Our specimen is very similar to S. mesopermiana Kozur, 1985
from Middle-Late Permian of Hungary and Greece (Kozur
1985) but differs in having longer and horizontal DB, shorter
PDB and more arched PB.
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Sulcella suprapermiana? Kozur, 1985
(Fig. 17B, C)

Sulcella suprapermiana Kozur, 1985: 22, pl. 5, figs 6, 8. — Crasquin-
Soleau & Baud 1998: pl. 4, figs 1, 3.

MATERIAL EXAMINED. — Two complete carapaces.
DIMENSIONS. — L=624-665 pm; H=285-313 pm.

OCCURRENCES. — Biitkk Mountains, Hungary, Late Permian (Kozur
1985); Hydra Island, Greece, Late Permian (Crasquin-Soleau &
Baud 1998); ?Chaotian section, Sichuan Province, China, Maokou
and Wuchiaping Formations, Middle Capitanian-basal Wuchiap-
ingian, Middle-Late Permian (this study, samples: 11CHAO166,
11CHAOQOS]1, see Table 1).

REMARKS

Our specimens are very similar to S. suprapermiana Kozur,
1985 from Late Permian of Hungary and Greece (Kozur
1985; Crasquin-Soleau & Baud 1998) but differ in having
nearly vertical PB.

RESULTS

SPECIES DISTRIBUTION
Study of the 40 fossiliferous samples from the Chaotian sec-
tion allowed us to identify 154 ostracod species belonging to
29 genera, 16 families, 12 superfamilies and three orders. As-
semblages present a relatively high diversity at high taxonomic
levels. Thirty-seven of the analysed samples yield identifiable
specimens. The species distribution is presented in Table 1.
Capitanian samples record 61 species. Most of them seem
to disappear gradually by the top of the L3 subunit. The M1
subunit yields only five identified species. Transition from
Capitanian to Wuchiapingian, at specific level, is marked by
a near complete renewal of assemblages. Only four species,
presenting a rather long stratigraphic range, passed the GLB.
The transition is furthermore characterised by a significant
increase of diversity after GLB with 96 species recorded in
Wauchiapingian samples. Thus, specific extinction rate at the
GLB is about 93% and turnover rate is about 97%.
However, variations at higher taxonomic levels are quite
dissimilar. From the 25 genera recorded in Capitanian sam-
ples, only 16 pass the GLB. Four genera are here found only
in the Wuchiapingian. It corresponds to a “disappearance”
of about 36% of genera and a 20% turnover rate. From the
16 families found in Capitanian samples, 13 are also pre-
sent in the Wuchiapingian. Kellettinidae, Scorbiculidae and
Youngiellidae seem to “disappear”. Nevertheless these three
families are known in the Late Permian from other localities,
even though they are clearly in decline. Scrobiculidae are for
example found, mainly represented by the genus Roundyella, in
the Wuchiapingian of Hungary (Kozur 1985) and Iran (Mette
2008) and the Changhsingian of Israel (Gerry ez al. 1987).
Kellettinidae are known in the Wuchiapingian (i.e. genus
Kindlella in Hungary — Kozur 1985) and the Changhsingian
(i.e. genus Kellettina in South China — Yuan er al. 2007).
Youngiellidae occur in the Wuchiapingian (for example with
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Fic. 16. — Ostracods from Guadalupian-Lopingian boundary interval in South China: A, Kirkbya sp. 1, right lateral view of complete carapace, PBM3757, sam-
ple 11CHAO172; B, Kirkbya sp. 2, left lateral view of left valve, PEM3758, sample 11CHAO164; C, Kirkbya sp. 3, left lateral view of left valve, PEM3759, sample
11CHAO166; D, Kirkbya sp. 4, left lateral view of left valve, P6M3760, sample 11CHAO158; E, Kirkbya sp. 5, left lateral view of left valve, PEM3776, sample
11CHAOQS8S; F, G, Reviya cf. subsompongensis Chitnarin, 2008; F, right lateral view of right valve, PEM3762, sample 11CHAO167; G, right lateral view of right
valve, P6BM3763, sample 11CHAO166; H, Neoamphissites sp. 1, left lateral view of left valve, PBM3764, sample 11CHAO169; |, J, Kegelites sp. 1; I, left lateral
view of complete carapace, P6M3765, sample 11CHAO81; J, left lateral view of complete carapace, P6M3766, sample 11CHAQ99; K, L, Kindlella sp. 1; K, right
lateral view of complete carapace, P6M3767, sample 11CHAO150; L, left lateral view of complete carapace, P6M3768, sample 11CHAO150; M, N, Samarella
viscusforma Chitnarin, 2012; M, right lateral view of complete carapace, PBM3769, sample 11CHAOB88; N, left lateral view of complete carapace, P6M3770,
sample 11CHAO171; O, Kirkbya sp. 6, sublateral view of broken left valve, P6M3761, sample 11CHAQ97. Scale bar: 100 pm.
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Fic. 17. — Ostracods from Guadalupian-Lopingian boundary interval in South China. A, Sulcella mesopermiana? Kozur,1985, P6M3771, 11CHAQOS88; B, C, Sul-
cella suprapermiana? Kozur,1985; B, P6M3772, 11CHAO166; C, PEM3773, 11CHAO81; D, Sulcella sp. 1, PEM3774, sample 11CHAQO88. All photographs represent
complete carapaces in left lateral view. Scale bar: 100 pm.

Permoyoungiella in Hungary — Kozur 1985 or Youngiella in
Iran — Mette 2008) and in the Changhsingian (for example
Permoyoungiella in China — Crasquin ez al. 2010 or Moorites
in Israel — Gerry ez al. 1987).

OSTRACOD ABUNDANCE AND DIVERSITY

Ostracods are present from the upper part of the Maokou
Fm “Limestone Unit” (L3 subunit, sample 11CHAO173,
Jinogondolella postserrata conodont Zone) up to the first 27m
of the Wujiiaping Formation (11CHAO101, Codonofusiella-
Reichelina small fusuline assemblage), except in the middle
part of the M1 subunit (see Material and methods).

In productive samples, abundance varies from one
(11CHAQO74) to 366 specimens (and 1895 undetermined
fragments, 11CHAQOB88) and specific richness from one
(11CHAO74) to 44 (11CHAOY5) species. In most of as-
semblages the specific richness variations correlates with
abundance (Fig. 20).

Ostracod faunas, from the L3 subunit of the Maokou Fm
“Limestone Unit”, show relatively high abundance and specific
richness (11CHAO171, 361 specimens, 549 undetermined
fragments; 1 1CHAO173, 32 species). Nevertheless, a two-step
decrease of both abundance and specific richness is recorded
through this interval until the “disappearance” of ostracods
at the top of the “Limestone Unit” (11CHAO152).

The two productive samples of the M1 subunit (11CHAO
156 and 158, corresponding to the only two carbonate beds
in the “Mudstone Unit”) record relatively low abundance and
diversity assemblages.

Basal six Wuchiapingian samples present the lowest abun-
dance and specific richness recorded in the section. Indeed,
except the very first Wuchiapingian sample (11CHAO72, 18
specimens belonging to one species, 11 undetermined frag-
ments), the above samples yield only zero to six specimens
(zero to 23 undetermined fragments) and no more than one
identified species.

Finally, ostracod fauna recovery begins in the Wujiaping
Fm around three meters above the GLB. It is marked by a
two-step increase of abundance and diversity. Maximum
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Wuchiapingian abundance value (11CHAO88, 366 speci-
mens, 1895 undetermined fragments) reaches the Capitanian
one. The maximum of specific richness is substantially higher
than Capitanian one, with the highest values recorded in the
section (11CHAQY5, 44 species).

Ostracods identified in Chaotian section samples belong
to three orders: Podocopida, Palacocopida and Platyco-
pida. Palacocopida are known to progressively disappear
during the Late Permian, to become extinct after the PTB
(Permian-Triassic Boundary, Crasquin-Soleau ez a/. 2004;
Crasquin & Forel 2014). Thus, study of the distribution
variations at order level at the GLB could bring relevant
information about changes in ostracod assemblages during
this poorly known period. The Figure 20 illustrates diversity
and abundance variations of Podocopida and Palacocopida
along the section. Because of the too low number of Plat-
ycopida specimens found, their abundance and diversity
variations are not figured here.

The Order Podocopida is the most abundant in Chaotian
samples and represents 92.6% of identifiable specimens. It
also presents the highest specific richness with 125 species
identified corresponding to 80% of the total species recorded.
These species belong to 13 genera, six families, five super-
families and three suborders. Capitanian samples record 40
Podocopida species (Table 1). Only two of these are also
found in Wuchiapingian samples, belonging to two distinct
genera (Bairdia and Microcheilinella). The specific extinction
rate is about 95%. Wuchiapingian samples record 86 species,
twice more than Capitanian ones. Specific turnover rate is
about 98%.

As they are largely dominant in samples, Podocopida abun-
dance and specific richness variation curves follow the curves
of complete assemblages (Fig. 20). Thus, high values recorded
in basal samples from the upper L3 subunit (11CHAO171,
340 specimens, 26 species) also present a two-step decrease
until ostracod “disappearance” at the top of L3 subunit.

The M1 subunit and the base of the Wujiaping Fm are
characterised by a very low abundance and diversity phase
(Table 1; Fig. 20).
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The two-step “recovery”, previously evoked, is also noticeable
here. If maximum Wuchiapingian abundance values here reached
(11CHAOBS, 357 specimens) are similar to Capitanian maxima,
highest Wuchiapingian specific richness values (11CHAQO95,
42 species) are almost twice as great as Capitanian ones.

The Order Palacocopida is significantly less abundant in sam-
ples with 7.2% of specimens and 18% of species (27 species).
Nevertheless, it presents a relatively high generic and family level
diversity with 15 genera (51.8%) and nine families (56.3%).
Four Palacocopida superfamilies belonging to two sub-orders
are represented at Chaotian. Capitanian samples record 20
Palaeocopida species (Table 1). Only one of these is still present
in Wuchiapingian samples, belonging to genus Samarella. The
specific extinction rate is about 95%. Wuchiapingian samples
record only eight species. Specific turnover rate is about 87.5%.

Much less abundant than Podocopida, Palacocopida present
moreover quite dissimilar distribution variations along the
Chaotian section. If Capitanian abundance and specific rich-
ness are also maximum at the base of the upper L3 subunit
(11CHAO173, 26 specimens, eight species), the extinction
pattern differs from Podocopida. Indeed, relatively high values
are also found in the middle part of this interval (11CHAO166,
18 specimens; 11CHAQO167, eight species). Then abundance
and specific richness decrease sharply until the “disappearance”
of ostracods at the top of the L3 subunit (11CHAO163).

Unlike Podocopida, the two fossiliferous samples from the
M1 subunit present here relatively high abundance values
(11CHAO158, 14 specimens) but a low specific diversity
(maximum two species, 1 1CHAO158).

The very first Wuchiapingian sample presents a relatively high
abundance (18 specimens belonging to Hollinella genus, study
in progress). Basal Wuchiapingian samples record extremely
low abundance and specific richness.

Values rise rapidly to a Wuchiapingian maximum (11CHAO80)
with a relatively high abundance (20 specimens) but specific rich-
ness stay really poor (three species). From that point, abundance
and specific richness finally decrease and stabilise at relatively
low values (zero to five specimens, zero to two species) to the
top of the section.

Thus, the early Late Permian (Wuchiapingian) is here char-
acterised by abundance and specific diversity significantly
lower than those recorded in the late Middle Permian (Early/
Middle Capitanian).

The Order Platycopida is the less abundant one in Chaotian
samples with only seven specimens (0.2%), three species (2%)
belonging to one genus (Sulcella). Due to the very occasional
occurrences of specimens, we have not been able to distin-
guish any particular trend in Platycopida distribution along
Chaotian section.

DISCUSSIONS

PALAEOENVIRONMENTAL CHANGES AT GLB

The L3 subunit from the “Limestone Unit” of the Maokou
Fm is commonly associated with shallow-marine environment
with sediments deposited on a continental shelf probably
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below storm wave base, within the euphotic zone (Isozaki
et al. 2008; Lai ez al. 2008; Saitoh ez 2/ 2013a). While inter-
pretations of these deposits seem to be a consensus, the top
of the L3 subunit is the starting point of divergence between
those suggesting a regression phase (Lai ez 2/. 2008) and those
proposing a transgression phase (Isozaki ez @/. 2008; Saitoh
et al. 2013a). Lai et al. (2008) evoke an increasing degree of
fragmentation of the bioclasts towards the L3 subunit, which
could be in agreement with the gradual shallowing hypothesis.
However, the fragment abundance does not seem to increase
in our samples. In the top 5m of the L3 subunit, Isozaki ez /.
(2008) evoke a decrease of granulometry coincident with the
beginning of a transgression phase. If our study could not
allow, for now, to discuss about that last interpretation, we
could nevertheless notice that this interval correspond to the
decreasing trend of ostracod abundance and specific richness.

The “Mudstone Unit” is also a subject of controversy, pre-
sented as lagoonal deposit by Lai ez a/. (2008) and as deep
sea deposit by Isozaki ez /. (2008) and Saitoh ez 2l (2013a).
Basal samples of the M1 subunit are barren of ostracods. Lai
et al. (2008) characterised this interval by a disappearance of
shallow marine taxa at the base of the “Mudstone Unit” (M 1)
due to a lagoonal hypersaline environment and by the pres-
ence of brachiopods at the top of the M2 subunit testifying
more open-marine connections.

In our study, the ostracods of the M1 subunit are marine
taxa. Furthermore, brachiopods were observed on the field
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both in M1 and M2 subunits during our sampling (Fig. 4).
This invalids the hypothesis of a lagoonal environment.
Isozaki ez al. (2008) and Saitoh ez 2/ (2013a) evoke a basal
subunit (M1) yielding abundant shallow marine taxa, such
as conodonts, brachiopods, small foraminifera and ostracods
and deposited in a first deepening phase. These taxa seem to
have disappeared from the M2 subunit, replaced by deep
marine taxa such as ammonoids and radiolarians, also with
brachiopods in some beds. The ostracod associations in the
two productive samples of the “Mudstone Unit” are poorly
preserved but are clearly marine neritic taxa, with genera
(Kirkbya, Roundyella, Knoxiella) characteristic of a shallow
environment (Melnyk & Maddocks 1988a).

The hypothesis of a regression, during the missing Late Capita-
nian at Chaotian (Saitoh ez /. 2013a), leading to an emergence
phase at the top of the Wangpo Bed, is commonly accepted.

The basal part of the Wujiaping Fm is commonly presented
as deposited during a rapid transgressive phase to a shallow
marine environment. Samples from the base of the Wujiaping
Fm yielded very few ostracods. Above the very first Wuchiap-
ingian sample, this low abundance phase could be linked with
rapid environmental changes, during a quick transgression,
as proposed in the literature.

As the “Limestone Unit” of the Maokou Fm, the Wujiaping
Fm is commonly associated with shallow-marine environ-
ment (Isozaki ez 2. 2008; Lai ez /. 2008; Saitoh et 2l 2013a).
While further analyses of ostracods assemblages are needed
in order to achieve precise palacoenvironmental reconstruc-
tions, the prompt ostracod diversity recovery observed in
the Wujiaping Fm suggests a rapid reinstatement of stable
environmental conditions.

FAUNAL CHANGES

Transition from Guadalupian to Lopingian, at Chaotian section
seems coincident with important faunal changes. The passage
from the “Limestone Unit” to the “Mudstone Unit”, and then
to the Wujiaping Fm, is marked by noticeable losses and ap-
pearances. Thus, high fusuline diversity, with presence of large
forms (Neoschwargerina, Lepidolina, Isozaki et al. 2008) gives
away to exclusively small form assemblages in the M2 subunit
and in the Wujiaping Fm (Lai ez /. 2008). Robust forms of
calcareous algae, recorded in Capitanian, are replaced by more
fragile forms at the base of Wuchiapingian (Lai ez a/. 2008).
Crinoids, rugose corals and bivalves seem to disappear at the
top of the L3 subunit (Isozaki ez a/. 2008; Saitoh ez al. 2013a).
Conodont last appearance is located in the “Mudstone Unit”
(Isozaki et al. 2008), where taxa such as ammonoids and radio-
larians are exclusively found. Then, diversity decreases radically
in the first meters of the Wujiaping Fm.

Ostracod assemblages seem also clearly affected, from the
Early-Middle Capitanian (L3) to the basal Wuchiapingian,
by a significant decrease of abundance and diversity. If ini-
tial abundance seems to recover quickly after the GLB, it is
important to notice that specific richness became even more
important in Wuchiapingian records. Moreover, data present
an important renewal in this interval (93% extinction rate
and 96% turnover rate).
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Transition from the Early-Middle Capitanian to the Late
Permian seems to affect differently the Orders Podocopida
and Palacocopida.

Podocopida abundance and diversity decrease during Early
Capitanian (L3 subunit), becoming extremely low in the Early-
Middle Capitanian (M1 subunit) and the basal Wuchiapingian.
However, recovery is recorded quite early in the Wuchiapingian
sequence and specific richness reaches values twice as great as
the highest ones recorded in the Capitanian. Thus, post-GLB
assemblages seem more diversified.

Palacocopida abundance also decreases at the top of the L3
subunit, but it remains relatively high in the M1 subunit fossil-
iferous samples and in the first Wuchiapingian sample. Specific
richness decreases promptly from the middle to the top of the
upper L3 subunit, not to rise significantly again. Coincidently
with the Podocopida recovery, Palacocopida abundance decreases
asecond time to remain low up to the top of the section. In any
case, post-GLB Palacocopida assemblages seem less diversified.

Palacocopida are known to disappear progressively in the
Late Permian, to become extinct at the basal Middle-Triassic
(Crasquin-Soleau ez al. 2004; Forel & Crasquin 2011; Cras-
quin & Forel 2014), while Podocopida became the predomi-
nant order during the Mesozoic-Recent period. Palacocopida
response to GLB events might here be interpreted as the first
step of their early Middle-Triassic disappearance. Although
this hypothesis seems in agreement with the GLB extinctions
evoke in literature, additional investigations and more data
from Late Capitanian (missing in this section) and from the
Wujiaping Fm are needed. Data obtained in this study might,
however, be interpreted as resulting from temporary and/or
regional environmental changes, in agreement with the generic
and family level “disappearances” recorded. Thus, these changes
might have led to the establishment of environmental condi-
tions more favourable to Podocopida than to Palacocopida, as
they present different patterns at the base of Wuchiapingian.

Further palacoenvironnemental reconstitutions based on
ostracod assemblage analysis, in addition to comparison
with data from palacogeographically distant sections, such as
Penglaitan GSSP (South China) or Iran (both work in pro-
gress), will bring essential information to test these hypotheses.

Acknowledgements

Sindbad Zazzali was supported by a fellowship from the
Ministere de 'Enseignement Supérieur et de la Recherche,
France. Field trip was realized with the support of the Chi-
nese 111 program (B08030) and the Ministry of Education
of China (20110145130001).

We thank Martine Fordant (UMPC) for her help in sam-
ple processing and picking of ostracods and Alexandre Leth-
iers (UPMC) for illustration realisation. We are grateful to
Dr Anisong Chitnarin (School of Geotechnology, Institute of
Engineering, Suranaree University of Technology, Thailand)
for her help and discussion on systematic comparisons and
Dr Yuan Aihua (Faculty of Earth Sciences, China University
of Geosciences, Wuhan, P. R. China) for her help in translat-
ing descriptions from Chinese.

GEODIVERSITAS - 2015 - 37 (3)



Ostracods at Guadalupian-Lopingian boundary 4

. Abundance Podocopida _ Palaeocopida )
Specific (studied Undetermined specific Podocopodia specific Palaeocopida
richness  specimens) fragments richness abundance richness abundance
40 0 20 40 0 200 400 O 1000 2000 O 20 40 0 200 400 0 2 4 6 8 0 10 20 30
O oS
- . N \ \ \ \
38{ =
. —-11CHAO100 » \4 »
T | l
364 —11CHAO99
A |_11cHACSS « « < « « 4
o  |-11cHA097 > ? 7 » ?
= « < « < <
32
. P » . />
4
" d
—11CHA091
-11CHA090 4
28{. \\\
zZ = .|-11cHAoss >» g >o
<
9] 26
z -11CHAO87 / /
o
(@)
— 24 - 11CHAO86 4
-11CHAO85
22
20+ ~11CHAO84
=
-11CHAO083 4
=z 18 -11CHAO82 » p
z | =
6 E - } X
—11CHAO81
= uc'n = L=~ {1CHAO80 " 9
% c 16 ~11CHAO79
T 8
O 5 11CHAQ78 )
2 2 Lo t | r
= i 11CHAO74 t & 1
black 11CHAOT2 4 3 e
= _levels_|
o
< g8 12 T
z 5% 5
©
E = £
o
g | go E
o
£ - I3
©
g 2
S« 2
E C
S
13 6 l
Cr—
% 2 1) -11CHAO158 [ r [ A
-g 4 -11CHAO157 4
] | L &
z St >
~ 2 -11CHAO154 < > > >
% ~11CHAO153 4 ’ ’
'} 11GHAQ152
z RICCERE &
S o o Y i, A -
s 3 SR T —
=) = —11GHAO167 > > » B
G E oo ¥ s ' 4 $ b
° t11CHAO17D — — \\7 .
c 11CHAO171 7 7
2 4
Q
% ~11CHAO172 ‘< < Z\
6 ~1icHAOIS ® i 20 b SEEA & I =

0 20 40 O 200 400 O 1000 2000 O 20 40 O 200 400 0 2 4 6 8 0 10 20 30

Fic. 20. — Specific richness (number of species), abundances (number of specimens) and number of unidentified fragments through Chaotian section. For lithol-
ogy, same caption as Figure 4.

GEODIVERSITAS - 2015 « 37 (3) 311



» Zazzali S. et al.

We finally thank reviewers, Dr Avraham Honigstein (Min-
istry of National Infrastructures Oil and Gas section, Jerusa-
lem, Israel) and Pr. David J. Horne (Queen Mary University,
London, United Kingdom) for their reviewing and their help

to improve our manuscript.

REFERENCES

BonD D. P G., WIGNALL P. B., WANG W, [zON G., JIANG H. S.,
LarX. L., SUN, Y. D., NEWTON R. J., SHAO L. Y., VEDRINE S. &
CorE H. 2010a. — The mid-Capitanian (Middle Permian) mass
extinction and carbon isotope record of South China. Palaeo-
geography, Palacoclimatology, Palaeoecology 292: 282-294.

BonD D. P. G., HILTON J., WIGNALL P. B., AL1 J. R. & STEVENS L.
G. 2010b. — The Middle Permian (Capitanian) mass extinction
on land and in the oceans. Farth-Science Reviews 102: 100-116.

BURRETT C., UDCHACHON M., THASSANAPAK H. & CHITNARIN A.
2014. — Conodonts, radiolarians and ostracodes in the Permian
E-Lert Formation, Loei Fold Belt, Indochina Terrane, Thailand.
Geological Magazine: 1-37.

CHENT. C. 1958. — Permian ostracods from the Chihsia limestone
of Lungtan, Nanking. Acta Palaeontologica Sinica 6: 215-257.

CHEN D. & SH1 C. 1982. — Latest Permian ostracoda from Nan-
tong, Jiangsu and from Miannyang, Hubei. Bulletin of Nanjing
Institute of Geology and Palaeontology, Academic Sinica 4: 105-152.

CHEN D. & Ba0 H. 1986. — Lower Permian ostracodes from the
Chihsia Formation of Jurong and Longtan, Jiangsu province.
Acta Micropalaeontologica Sinica 3: 107-132.

CHITNARIN A. 2010. — Zaxonomy of Permian Ostracods from Central,
Northeastern, and Western Thailand: Implications for Paleoenviron-
ment and Paleobiogeography. PhD Thesis, Suranaree University of
Technology, Nakhon Ractchasima, Thailand, 190 p.

CHITNARIN A., CRASQUIN S., CHONGLAKMANI C., BROUTIN J.,
GROTE P. J. & THANEE N. 2008. — Middle Permian ostracods
from Tak Fa Limestone, Phetchabun Province, Central Thailand.
Geobios 41: 341-353.

CHITNARIN A., CRASQUIN S., CHAROENTITIRAT T., TEPNARONG P. &
THANEE N. 2012. — Ostracods (Crustacea) of the Early-Mid-
dle Permian from Central Thailand (Indochina block). Part 1.
Order Palacocopida. Geodiversitas 34 (4): 801-835. http://dx.doi.
org/10.5252/g2012n4a5

CLAPHAM M. E., SHEN S. Z. & BOTTJER D. J. 2009. — The dou-
ble mass extinction revisited: reassessing the severity, selectivity,
and causes of the end-Guadalupian biotic crisis (Late Permian).
Paleobiology 35 (1): 32-50.

CORDELL R. J. 1952. — Ostracodes from the Upper Pennsylvanian
of Missouri. Part I. The Bairdiidae. Journal of Paleontology 26:
74-112.

CRASQUIN S. & FOREL M. B. 2014. — Ostracods (Crustacea)
through Permian-Triassic events. Earth-Science Reviews 137: 52-64.

CRASQUIN S., FOREL M. B., FENG QQ., YUAN A., BAUDIN E. & COLLIN
P-Y. 2010. — Ostracods (Crustacea) through Permian-Triassic
boundary in SouthChina: the Meishan stratotype (Zhejiang
Province). Journal of Systematic Palacontology 8: 331-70.

CRASQUIN-SOLEAU S. & BAUD A. 1998. — New Permian ostra-
cods from Greece (Hydra Island). Journal of Micropalaeontology
17:131-52.

CRASQUIN-SOLEAU S., MARCOUX J., ANGIOLINI L. & NICORA A.
2004. — Palaeocopida (Ostracoda) across the Permian—Triassic
events: new data from southwestern Taurus (Turkey). journal of
Micropalaeontology 23: 67-76.

CRASQUIN-SOLEAU S., VASLET D. & LE NINDRE Y. M. 2005. —
Ostracods from Permian-Triassic boundary in Saudi Arabia
(Khuff Formation). Palaeontology 48: 853-868.

DECONINCK J. E, CRASQUIN S., BRUNEAU L., PELLENARD P, BAUDIN
E & FENG Q. 2014. — Diagenesis of clay minerals and K-benton-

312

ites in the Late Permian/Early Triassic sediments of the Sichuan
Basin (Chaotian section, Central China). Journal of Asian Earth
Sciences 81: 28-37.

FOREL M. B. & CRASQUIN S. 2011. — In the aftermath of the
Permian-Triassic boundary mass extinction: new ostracod (Crus-
tacea) genus and species from south Tibet. Geodiversitas 33 (2):
247-263. http://dx.doi.org/10.5252/g2011n2a3

ForeL M. B., CraSQUIN S., Hips K., KErRSHAW S., COLLIN P-Y. &
Haas J. 2013. — Biodiversity evolution through the Permian—
Triassic boundary event: Ostracods from the Biikk Mountains,
Hungary. Acta Palacontologica Polonica 58 (1): 195-219.

GERRY E., HONIGSTEIN A., DERIN B. & FLEXER A. 1987. — Late
Permian Ostracodes of Isracl. Taxonomy, distribution and paleo-
geographical implications. Senckbergiana lethaea 68 (1/4): 197-223.

GOLONKA J. 2002. — Plate-tectonic maps of the Phanerozoic, in
KIESSLING W, FLUGEL E., & GOLONKA J. (eds), Phanerozoic Reef
Patterns. SEPM Special Publication 72: 21-76.

GUANS., SUN Q., JIANG Y., L1 L., ZHAO B., ZHANG X., YANG R. & FENG
B. 1978. — Subclass ostracoda. In Paleontological Atlas of Central
and South China. Geological Publishing House, Beijing: 115-325.

HE B., XU Y-G., HuaNG X-L., Luo Z-Y, SHI Y-R., YAN, Q. ]. &
YU S-Y. 2007. — Age and duration of the Emeishan flood vol-
canism, SW China: geochemistry and SHRIMP zircon U-Pb
dating of silicic ignimbrites, post-volcanic Xuanwei Formation
and clay tuff at the Chaotian section. Earth and Planetary Science
Letters 255: 306-323.

HEB., XU Y. G., ZHONG Y. T. & GUAN J. P. 2010. — The Guada-
lupian-Lopingian boundary mudstones at Chaotian (SW China)
are clastic rocks rather than acidic tuffs: Implication for a temporal
coincidence between the end-Guadalupian mass extinction at
the Emeishan volcanism. Lithos 119: 10-19.

HORNE D. J., COHEN A. & MARTENS K. 2002. — Taxonomy;,
Morphology and Biology of Quaternary and living Ostracoda,
in HOLMES J. A. & CHIVAS A. (eds), 7he Ostracoda: Applications
in Quaternary Research. Geophysical Monograph, American
Geophysical Union, Washington DC: 5-36.

IsH1zAKI K. 1964. — Middle Permian ostracodes from the Iwaizaki
Limestone, Northeast Japan. Science Reports of the Tohoku Uni-
versity, Second Series (Geology) 36: 139-160.

Isozak1Y. 2009. — Integrated “plume winter” scenario for the dou-
ble-phase extinction during the Paleozoic-Mesozoic transition:
The G-LB and P-TB events from a Panthalassan perspective.
Journal of Asian Earth Sciences 36: 459-480.

Isozax1 Y. & AyINOVIC D. 2009. — End-Guadalupian extinction
of the Permian gigantic bivalve Alatoconchidae: end of gigantism
in tropical seas by cooling. Palaeogeography, Palaeoclimatology,
Palacoecology 284: 11-21.

[sozak1 Y., YAO J. X., MarsuDa T., SAkal H., J1 Z. S., SHIMIZU
N., KoBayasHl N., KawaHATA H., NisHI H., TAKANO M. &
KuBo T. 2004. — Stratigraphy of the Middle-Upper Permian
and Lowermost Triassic at Chaotian, Sichuan, China - record of
Late Permian double mass extinction event. Proceedings of Japan
Academy, Series B 80: 10-16.

Isozax1 Y., SHIMIZU N., YAO J., J1 Z. & MATSUDA T. 2007. — End-
Permian extinction and volcanism-induced environmental stress:
The Permian-Triassic boundary interval of lower-slope facies
at Chaotian, South China. Palacogeography, Palacoclimatology,
Palacoecology 252: 218-238.

[sozak1 Y, YAO ], Jt Z., SAITOH M., KOBAYASHI N. & SAKAI H.
2008. — Rapid sea-level change in the Late Guadalupian (Permian)
on the Tethyan side of South China: litho- and biostratigraphy
of the Chaotian section in Sichuan. Proceeding of Japan Academy,
Series B 84: 344-353.

JINY., ZHANG J. 8 SHAN Q. 1994. — Two phases of the end-Permian
mass extinction. In Pangea: global environments and resources.
Canadian Society of Petroleum. Memoir 17: 813-822.

JINY., ZHANG J. & SHAN Q. 1995. — Pre-Lopingian catastrophic
event of marine fauna. Acza Palaconrologica Sinica 34: 410-427

GEODIVERSITAS - 2015 - 37 (3)



JINY. G., SHEN S. Z., HENDERSON C. M., WANG X. D., WANG W.,
WANG Y., Cao, C. Q. & SHANG Q. H. 2006. — The Global
Stratotype Section and Point (GSSP) for the boundary between
the Capitanian and Wuchiapingian stage (Permian). Episodes
29: 253-262.

Kozur H. W. 1985. — Neue Ostracoden—Arten aus dem oberen
Mittelkarbon (Héheres Moskovian) Mittel- und Oberperm des
Biikk-Gebirges (N-Ungarn). Geologische-Paliontologische Mittei-
lungen Innsbruck 2: 1-145.

Lar X., WANG W., WIGNALL P. B., BoND D. P. G., JIANG H., AL
J. R., JouN E. H. & SuN Y. 2008. — Palaeoenvironmental
change during the end-Guadalupian (Permian) mass extinction
in Sichuan, China. Palacogeography, Palacoclimatology, Palaeo-
ecology 269: 78-93.

LETHIERS E & CRASQUIN-SOLEAU S. 1988. — Comment extraire
des microfossiles 4 tests calcitiques de roches calcaires dures.
Revue de Micropaléontologie 31: 56-61.

MEr S. L. & HENDERSON C. M. 2001. — Evolution of Permian
conodont provincialism and its significance in global correlation
and paleoclimate implication. Palacogeography, Palacoclimatology,
Palaeoecology 170: 237-260.

MELNYK D. H. & MADDOCKS R. F. 1988a. — Ostracode biostratig-
raphy of the Permo-Carboniferous of central and north-central
Texas, Part I: Palacoenvironmental framework. Micropaleontology
34: 1-20.

MELNYK D. H. & MADDOCKS R. E 1988b. — Ostracode biostratig-
raphy of the Permo-Carboniferous of central and north-central
Texas, Part II: Ostracode zonation. Micropaleontology 34: 1-40.

METTE W. 2008. — Upper Permian and lowermost Triassic stra-
tigraphy, facies and ostracods in NW Iran — implications for the
P/T extinction event. Stratigraphy 5 (2): 205-219.

MOORER. C. 1961. — Treatise on Invertebrate Paleontology. Arthrop-
oda 3, Crustacea, Ostracoda. Geological Society of America and
University of Kansas Press, Lawrence, 442 p.

RETALLACK G. J. & JAHREN A. H. 2008. — Methane release from
igneous intrusion of coal during Late Permian extinction events.
Journal of Geology 116: 1-20.

SAITOH M., IsozAk1 Y., YAO J., Ji, Z., UENO Y. & YOSHIDA N.
2013a. — The appearance of an oxygen-depleted condition on
the Capitanian disphotic slope/basin in South China: Middle-
Upper Permian stratigraphy at Chaotian in Northern Sichuan.
Global and Planetary Change 105: 180-192.

SAITOH M., Isozaxkt Y., UENO Y., YOSHIDA N., YAO J. & J1 Z.
2013b. — Middle-Upper carbon isotope stratigraphy at Chao-
tian, South China: Pre-extinction multiple upwelling of oxygen-
depleted water onto continental shelf. journal of Asian Earth
Sciences, 67-68: 51-62

ScoTEesk C. R. & LANGFORD R. P. 1995. — Pangea and the paleo-
geography of the Permian, iz SCHOLLE P. A., PERYT T. M. &
ULMER-SCHOLLE D. S. (eds), 7he Permian of Northern Pangaca.
Volume 1. Paleogeography, Paleoclimates, Stratigraphy. Springer,
Berlin: 3-19.

SHAO, L., ZHANG P, REN D. & LEI1 J. 1998. — Late Permian coal-
bearing carbonate successions in southern China: coal accu-
mulation on carbonate platforms. International Journal of Coal
Geology 37: 235-256.

SHAO L., ZHANG P, GAYER R. A., CHEN J. L. & Da1 S. E 2003. —
Coal in a carbonate sequence stratigraphic framework: the Upper
Permian Heshan Formation in central Guangxi, southern China.
Journal of the Geological Society 160: 285-298.

GEODIVERSITAS - 2015 « 37 (3)

Ostracods at Guadalupian-Lopingian boundary 4

SHEN S. Z. & SH1 G. R. 2009. — Latest Guadalupian brachiopods
from the Guadalupian/Lopingian boundary GSSP section at
Penglaitan in Laibin, Guangxi, South China and implications for
the timing of the pre-Lopingian crisis. Palaeoworld 18: 152-161.

SHIC. G. & CHEN D. Q. 1987. — The Changhsingian Ostracodes
from Meishan, Chanxing, Zhejiang, iz Nanjing Institute of Geol-
ogy and Palacontology, Academia Sinica (ed.), Stratigraphy and
Palaconrology of Systemic Boundaries in China, Permian-Triassic
boundary (1). Nanjing University Press, Nanjing: 23-80.

SHI C. G. & CHEN D. Q. 2002. — Late Permian Ostracodes from
Heshan and Yishan of Guangxi. Bulletin of Nanjing Institute
Geology and Paleontology, Academic Sinica 15: 47-129 (in Chinese
with English abstract).

STANLEY D. J. & YANG X. 1994. — Double mass-extinction at the
end of the Paleozoic era. Science 266: 1340-1344.

TANAKA G., ONO T, YUAN A, ICHIDA M. & MAEDA H. 2012. —
Early Permian Ostracods from Mugi County, Gifu Prefecture,
Central Japan. Paleontological Research 16: 88-106.

TANAKA G., ONO T., NisHIMURA T. & MAEDA H. 2013. — Middle
Permian ostracods from the Akasaka Limestone,Gifu Prefecture,
central Japan. Paleontological Research 16: 289-306.

THOMPSON G. M., AL1 J. R., SONG H. & JoLLEY D. W. 2001. —
Emeishan basalts, SW China: reappraisal of the formation’s type
area stratigraphy and a discussion of its significance as a large
igneous province. Journal of the Geological Society 158: 593-599.

ULRICH E. O. & BASSLER R. S. 1923. — Paleozoic Ostracoda: Their
morphology, classification and occurrence. Maryland Geological
Survey, Silurian 9: 271-391.

VEIZER J., GODDERIS Y. & FrRANCOIS L. M. 2000. — Evidence for
decoupling of atmospheric CO, and global climate during the
Phanerozoic eon. Nature 408: 698-701.

WANG S. Q. 1978. — Late Permian and Early Triassic ostracods of
Western Guizhou and northeastern Yunnan. Acta Palaeontologica
Sinica 17: 277-312 (in Chinese with English abstract).

WANG X.-D. & SuciyaMmA T. 2000. — Diversity and extinction
patterns of Permian coral faunas of China. Lethaia 33: 285-294.

WANG Y. & JINY. G. 2000. — Permian palacogeographic evolution
of the Jiangnan Basin, South China. Palaeogeography, Palacocli-
matology, Palaeoecology 160: 35-44.

WEIM., L1 Z., JIANG Z. & XIE L. 1983. — Arthropoda, 77 CHENGDU
INSTITUTE OF GEOLOGICAL AND MINERAL RESOURCES (ed.),
Palacontological Atlas of Southwest China. Geological Publishing
House, Beijing: 7-253.

WIGNALL P. B., VEDRINE S., BOND D. P. G., WANG W, LA X. L.,
Al J. R. & JIANG H. S. 2009. — Facies analysis and sea-level
change at the Guadalupian-Lopingian Global stratotype (Laibin,
South China), and its bearing on the end-Guadalupian mass
extinction. Journal of the Geological Society 166: 655-666.

YN H. E, FENG Q., Lar X., BAuD A. & TONG J. 2007. — The
protracted Permo-Triassic crisis and multi-episode extinction
around the Permian-Triassic boundary. Global and Planetary
Change 55: 1-20.

YUuaN A., CRASQUIN S., FENG Q. & GU S. 2007. — Latest Permian
deep-water ostracods from Southwestern Guangxi, South China.
Journal of Micropalaeontology 26: 169-191.

YuaN A., CRASQUIN S., FENG Q. & GU S. 2009. — Ostracods from
the uppermost Permian siliceous and muddy rocks of Guizhou,
Guangxi and Anhui. Acta Micropalaeontologica Sinica 26: 385-403.

ZHAO J. K., LIANG X. L. & ZHENG Z. G. 1978. — Late Permian
cephalopods of South China. Palacontologica Sinica 12: 1-194.

Submitted on 17 October 2014;
accepted on 5 February 2015;
published on 25 Seprember 2015.

313



