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This paper systematically investigated the conodonts from the uppermost Permian to the Lower Trias-
sic at the Dongpan Section, Southern Guangxi, South China, and obtained abundant Late Permian
conodonts from the syndepositional limestone lenses of beds 3 and 5-2 at this section. One genus and
eight species of conodont P1 element including one new species, Neogondolella dongpanensis sp.
nov., have been identified. The feature of conodont fauna indicates that conodonts collected from beds
3 and 5 at the Dongpan Section belong to the Neogondolella yini conodont zone, and correspond to bed
24 at the Meishan Section. Based on these conodont data, we suggest that the Neoalbaillella optima
radiolarian zone at the Dongpan Section at least extended to the upper part of the N. yini conodont

zone.

Dongpan Section, end-Permian, conodont fauna, biostratigraphic correlation

The end-Permian biotic crisis was the largest mass ex-
tinction in the fossil record. It eliminated over 90% of
(121 and about 70% of vertebrate

families on land” ). The cause and process of this larg-

species in the oceans

est mass extinction and the biotic recovery have at-
tracted attention from many geologists. The Global
Stratotype Section and Point of the Permian-Triassic
Boundary, which was defined by the first appearance of

[6], was founded at the Sec-

conodont Hindeodus parvus
tion D in Meishan, Changxing county, Zhejiang Prov-
ince in 20017, The establishment of the GSSP provided
a perfect chronostratigraphic framework for research on
this event!™. Although the understanding about this
event has greatly improved (see review refs. [9—13]),
many aspects about this event remain unknown.

The research on biotic and environmental crisis at
different sedimentary environments or facies, such as
terrestrial, transitional environments from terrestrial to

marine, shallow water and deep water facies, is essential
for evaluating the process and causes of this extinction
event!'*"*!. As an important deep-water section during
the Permian-Triassic transition, the Dongpan Section,
which is located in southwestern Guangxi Zhuang
Autonomous Region, has received intensive research in
recent years. It is a continuous section from the latest
Permian to the Early Triassic, and provides unique ma-
terials for study of biotic and environmental changes in
deep-water facies during the Permian-Triassic transition.
The end-Permian fossils at this section are abundant,
including radiolarians!'® %), brachiopods?'"*?, bi-
valves™), cephalopods®, foraminiferas!®” and ostra-
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cods®. Meng et al.*"! reported the Upper Permian
Changhsingian bivalves including Claraia liugiaoensis,
Euchondria jingxianensis, Posidonia sp., Nuculopsis sp.
and N. cf. yangtzeensis, and the end-Permian ammon-
oids, namely Huananoceras cf. perornatum, Laibino-
ceras cf. compressum and Qianjiangoceras sp., at bed
12. However, the Early Triassic bivalves including
Claraia dieneri, Palaeoneilo sp., Bakevellia sp., Posi-
donia sp. and Eumorphotis sp. were not found until bed
13. The typical Early Triassic ammonoids Ophiceras
tingi and Ophiceras sp. were found at the bottom of bed
13 and beds 13-6, 13-7, respectively[27]. So, the Per-
mian-Triassic boundary at the Dongpan Section was
placed between beds 12 and 13" Feng et al.”* pro-
posed that the end-Permian radiolarians underwent two
extinction episodes based on high-resolution radiolarian
] investigated the size
of the end-Permian brachiopods and showed that the
brachiopods underwent a distinct size reduction. Zhang
et al. B showed a distinct negative excursion of the or-
ganic carbon isotope at bed 10. However, the correlation
among this section and other well-studied shallow water
sections, especially the global stratotype section and
point (GSSP Section) of Permian-Triassic Boundary at
Meishan Section, Changxing, Zhejiang Province, is dif-
ficult because of the absence of reported conodonts from
this section. It is therefore difficult to know whether
these biotic crises were global or not. If these crises
were global, how did it correlate with the crises happen-
ing at other sections? This has hampered the study of
coevolution between biota and environment in this
deep-water sedimentary environment.

Conodont, as the standard marine microfossil for bio-
stratigraphic correlation during the Permian-Triassic
interval, failed to be obtained in the previous investiga-
tions at this section. Although other fossil taxa have
been used to provide approximate correlation of Dong-
pan with other sections, the high-resolution correlation
among the Dongpan Section and other sections during
the Permian-Triassic transition has not been resolved.
This study has recovered conodonts from the limestone
and silicious limestone interbeds of beds 3 and 5, in-
cluding some important latest Permian zonal fossils,
which provide information for resolving the correlation
between this section and other sections.

data from this section. He et al.l

1 Geological setting

The Dongpan Section is situated about 4 km northeast of

Liugiao Town, Fusui County, Guangxi (Figure 1), and
belongs to the Youjiang stratigraphy sub-area of south-
east stratigraphy area in the South China stratigraphy
areal’. Palacogeographically, the Dongpan Section was
located in the Liuqiao rift, which was a part of the You-
jiang palaeobasin or connected to the ocean in western
Guangxi®?!. The strata of the PTB in this section con-
tained the upper part of the Dalong Formation and the
base of the Luolou Formation. The Dalong Formation,
beds 2 to 12 at this section, was divided into two
lithological parts”®. The lower part (beds 2—5) consists
of gray-black, thin siliceous cherts, muddy siliceous
rocks, mudstones, interbedded with pale claystone and
lense-like limestone. These lenses change laterally into
muddy limestone. Based on regional geology study, Gu
et al.”®! suggested that these limestone interbeds were
formed through the deposition of calcareous turbidites
which came from the carbonate platform, and it was
synchronous with the sedimentary silicious rocks.
Brachiopods, bivalves, ammonoids, foraminiferas, thin-
shell ostracods and abundant radiolarians were found in
this part. The main radiolarians were Albaillellaria and
Latentifistularia, which lived in deep water. He et al.l*!)
suggested that the water depth of this member was about
200—500 m. Bed 6 is claystones with thin-bedded sili-
ceous rock interbeds bearing few radiolarians. Bed 7 is
mainly composed of siliceous mudstones. The upper part
(beds 8—12) is mudstones with intercalations of clay-
stones, yielding bivalves and cephalopods. The Early
Triassic Luolou Formation (beds 13 —14) is yellow
mudstone and silty mudstones containing bivalves and
ammonoids.

2 Materials and methods

In order to improve the correlation of the Permian-
Triassic stratigraphy between deep-water facies and
shallow-sea carbonate facies, this work collected 19
conodont samples near the Permian-Triassic boundary
(beds 3—14) at the Dongpan Section. Each sample
weighed 15 kg. The mudstone and claystone samples
were dealt first with 10% acetic acid, and then dissolved
by water directly. The siliceous rocks and siliceous
mudstones were dissolved by 5% hydrofluoric acid, and
washed every 24 hours. The carbonate rocks were dis-
solved in 10% acetic acid. After dissolving, the samples
were washed by 20 and 160 mesh sieve, and the grains
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Figure 1

between these two sizes were collected and dried. A 2.80
—2.81 g/mL gravity liquid made of bromoform (2.89
g/mL) and acetone (0.79 g/mL) was used in conodont
separation for all the samples. The conodont elements
were picked out under the binocular stereoscope. Be-
cause that dissolving rate of the mudstones and siliceous
rocks was very slow, only 1/4—1/3 of these samples
was dissolved. However, the carbonate lenses from bed
3 and the siliceous carbonate from bed 5-2 have been
dissolved completely, and lots of conodont elements
were obtained from these two beds. This paper focuses
on the conodonts from these two beds. Additionally, a
fish teeth and a ramiform conodont were also found in
bed 6-1.

3 Characters of the conodont fauna at
the Dongpan Section

The conodont fauna at the Dongpan Section was dis-
covered from carbonate lenses within bed 3 and bed 5.
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To ensure that the conodont fauna from the carbonate
lenses are reliable chronological data, it must be proved
that the carbonate interbeds are syndepositional. There
are two lines of evidence for the syndepositional origin
of these carbonates lenses. Gu et al.” undertook a de-
tailed sedimentological investigation and concluded that
the limestone interbeds and carbonate lenses were de-
posited from calcicolous turbidite currents derived from
a carbonate platform. Chronologically, if the conodont
fauna was from a re-worked limestone, the age of the
conodont fauna would be much older than that of the
present one, and would contradict the fossil records of
other taxa. Hence, we think that the conodont-based
timing at the Dongpan Section is reliable.

The major conodonts collected at the Dongpan Sec-
tion are the platform elements of Neogondolella, with a
few ramiform elements. Hindeodus P1 element has not
been found. This accords with the characteristics of
deep-water conodont fauna proposed by the previous

scholars*4.
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The conodont fauna in bed 3 is abundant. P1 elements
of 8 species of the genus Neogondolella have been rec-
ognized at bed 3 (Figure 2). The ramiform element (P2
and S1 element) in this bed is also abundant. The cono-
dont assemblage in this bed was typical Late Permian
elements, many of which are Neogondolella changxin-
gensis, N. dongpanensis sp. nov., N. yini, N. postwangi,
N. deflecta, associated with a few N. carinata, N. sub-
carinata, N. cf. zhejiangensis. N. yini was a typical
conodont zonal species of the uppermost Changhsingian.
At the Meishan Section, the upper limit of the N. yini
zone was located at the top of bed 24, which was de-
fined by the first appearance of the conodont N. me-

35361 N changxingensis and N. deflecta were

[35-39

ishanensis
typical Changhsingian species I, However, both
species extended to the lowermost Triassic”®®. Mei et
al.’" suggested that the N. yini evolved into N. zhejian-

gensis at the bottom of bed 25 at the Meishan Section,

the same horizon of the lower limit of the N. meishanen-
sis conodont zone. The N. postwangi species evolved
from N. wangi, the first zonal species of the Changhsin-
149 was abundant in the upper Changhsingian!,
The platform of the conodont N. sp. A is similar to that
of the N. yini. However, there is a distinct brim behind
the cusp (an important character of the conodont ele-

ment during the Permian/Triassic transition) similar to

gian

that of N. taylorae P1 element, the zonal species of the
end-Permian N. taylorae zone. Based on these two
points, we suggest that this species was a transitional
form from N. yini to N. taylorae.

The conodont fauna in bed 5 is relatively simple.
Both the abundance and diversity are lower in bed 5
than in bed 3. The dominated conodont species in this
bed are the Late Permian N. changxingensis and N.
dongpanen- sis. Because most elements in this bed are
broken, it is hard to identify these elements precisely. So,
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Figure 2 Distribution of the conodont element species obtained at the Dongpan Section.
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those elements are named as non-nomenclative species.

4 Biostratigraphy and age discussion of
the Dongpan Section

As mentioned above, previously the biostratigraphic

study of the Dongpan Section was mainly focused on

[16—20,28] 3]

, brachiopods™'?”), bivalves™™! and

20] 1,30

radiolarians
cephalopods™. Jin et al.” and Zhang et al.*” proposed
that the radiolarian fauna from beds 2 to 5 belongs to
Neoalbaillella optima zone, and discovered Albaillella
yaoi in these beds, which indicated their Late Permian
age. Only one Albaillellidae radiolarian was found in
bed 6, and it is rarely found above this level. The main
radiolarians in beds 6 to 12 were Entactinaria. No radio-
larians were reported from bed 13 and above. Because
ammonoid fossils of the Changhsingian Pseudotiro-
lites-Rotodiscoceras zone were found in beds 2 to 12-2,
and the typical Early Triassic ammonites Ophiceras and
Lytophiceras were found in beds 13-1A to 16, the Per-
mian-Triassic boundary was placed between beds 12 and
13 2*#7 Although the biostratigraphy of above taxa are
useful for recognizing the subdivision of the strata dur-
ing the Permian-Triassic transition at the Dongpan Sec-
tion, it is still difficult to carry out high-resolution cor-
relation with other sections if only based solely on these
data.

The conodonts collected from the Dongpan section,
including Neogondolella yini, N. changxingensis, N.
deflecta, N. carinata, N. subcarinata, N. postwangi, are
the typical Late Permian species. Neogondolella yini is
the zonal fossil of the late Changhsingian N. yini zone at
the Meishan section. Furthermore, N. sp. A, a conodont
element that is transitional between N. yini to N. tay-
lorae, was also discovered at bed 3 at the Dongpan sec-
tion. At the Meishan, N. faylorae is the zonal fossil of
the N. taylorae zone which range from end-Permian to
the Early Triassicl*®. Thus, we consider that conodonts
from the lens-like limestone at beds 3—5 at the Dong-
pan Section belong to the N. yini zone.

As the evolution rate of radiolarians was slow, Ku-

waharal*!!

considered that the Neoalbaillella optima as-
semblage zone was the only radiolarian zone for the
whole Changhsingian. Xia et al.*! suggested that the
whole N. optima range zone included four lineage zones,
namely N. optima-A. laota zone, A. angusta-A. flexa
zone, A. trangularis zone and A. yaoi zone in ascending

order. The correlation between conodont and radiolarian

zones is difficult due to the rare occurrence of conodonts
in deep-water facies. Yao et al.”*¥ investigated the radio-
larians and conodonts from the Gujo-hachiman section
in southwestern Japan and suggested that the Neoalbail-
lella optima radiolarian zone is equal to the Neogon-
dolella zhangi conodont zone, and it may also extend to
the N. meishanensis zone. However, Xia et al.*? sug-
gested that the Albaillella yaoi zone, the uppermost as-
semblage zone of the Neoalbaillella optima range zone,
corresponds to the Neogondolella changxingensis-N.
deflecta assemblage zone at the Huangshi section, Hubei,
China, or the N. changxingensis-N. postsubcarinata-N.
postwangi-N. deflecta assemblage zone at the Meishan
Section. The problem with this correlation was that both
the conodont and radiolarian materials were obtained
from different sections. The conodont materials from
this section, combined with the radiolarian data from the
former researchers, indicate that the Neoalbaillella op-
tima radiolarian zone at least extended to the upper part
of the . yini conodont zone at least (Figure 3).

5 Correlation between the Dongpan sec-
tion and the Meishan section

5.1 Comparison with the conodont fauna between
the Dongpan section and the Meishan section

Compared with the Meishan Section, the conodont
fauna at the Dongpan Section also contains common
Late Permian conodonts,
changxingensis, N. yini, N. postwangi, N. deflecta, N.
carinata and N. subcarinata. However, the conodont
fauna at the Dongpan Section also has its own character-
istics. First, the conodont species, like N. dongpanensis
sp. nov. with fused carina, are much more common in
the Dongpan Section than at the Meishan Section. Sec-
ondly, many species from the Dongpan Section have a
brim behind the cusp, the typical elements of which are
N. sp. A, N. sp. Band N. sp C. described in this paper.
At the Dongpan Section, most of the conodont ele-
ments in bed 3 are adult and complete. The body of the
conodont specimen is thick and the denticle is robust
(see Figure 4). The size of the P1 elements ranges about

namely Neogondolella

0.6—0.9 mm, and the mean size is about 0.7 mm. In
contrast with bed 3, however, most of the conodont
specimens from bed 5 are juvenile or broken. The body
of the conodont specimen from bed 5 is thin and weak,
and colored in translucent amber. The denticle is fragile
(see P1 element in Figure 5). Because most of the
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Figure 3 Correlation between Dongpan Section, Meishan Section in South China and Gujo-hachiman Section in Southwest Japan, and between conodont
zones and radiolarian zones. N.m, Neogondolella meishanensis; N.t, Neogondolella taylorae; H.p, Hindeodus parvus; Ls, Isarcicella staeschei; G, Gon-
dolellid; H, hindeodid; Cono. zones, conodont zone; Mean size, curve of conodont mean size variation; Radio. zone, radiolarian zone.

conodont specimens from bed 5 are broken, the precise
size measurement cannot be carried out. The estimated
value of the size of P1 elements from this bed is about
0.4—0.7 mm, and the mean size was about 0.5 mm. So,
the conodont species underwent a distinct size reduction
during the transition from beds 3 to 5. Furthermore, at
the Meishan section, the conodonts Neogondolella,
Hindeodus-Isarcicella and fish teeth (unpublished data)
underwent a distinct size reduction during the transition
between bed 24d/24e (uppermost N. yini conodont
zone)[43’44]. At the Meishan section, the size of the
conodont Neogondolella and Hindeodus P1 elements
decreased from 0.688 mm to 0.490 mm and from 0.534
mm to 0.436 mm, respectively.

1616

The size reduction of conodont at the Dongpan Sec-
tion indicates that the conodont size reduction event was
at least a regional one. During the Permian-Triassic
transition, this phenomenon took place at different facies,
such as the upper-slope facies at the Meishan Section,
the lower-slope facies at the Shangsi section and the
deep-basinal facies at the Dongpan Section. As proposed
by Luo et al.**), the distinct size reduction of conodont
was contributed by the environmental crisis and sup-
ported an existing mass extinction; the distinct size re-
duction occurred at the Dongpan Section would also
indicate a deterioration of the environment, which may

also induce the extinction of other organisms.
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Figure 4 Conodont elements collected from bed 3 at the Dongpan Section, Guangxi Zhuang Autonomous Region. All the specimens are preserved in the
Micropaleontology Laboratory, Faculty of Earth Science, China University of Geosciences, Wuhan, China. 1, 3, 15, Neogondolella yini P1 element, Mei,
Zhang and Wardlaw, 1998 (All the specimens were upper view. 1, Juvenile, register No. Igm 2 019; 3, adult, register No. Igm 2 027; 15, youth, register
No. Igm 2 037). 2, Neogondolella sp. P1 element, upper view, adult, register No. lgm 2 038. 4, Neogondolella sp. A, P1 element. Upper view. adult,
register No. lgm 2 022. 5, 6, 13—14, 18, 27, Neogondolella changxingensis P1 element, Wang and Wang, 1981 (5, upper view, adult, register No.
Igm 2 017; 6, upper view, adult, register No. lgm 2 016; 13, oblique upper view, adult, register No. lgm_2 028; 14, upper view, adult, register No.
Igm 2 020; 18, upper view, adult, register No. Igm_2 025; 27, oblique upper view, adult, register No. lgm_2 035). 7, Neogondolella cf. zhejiangensis P1
element, upper view, adult, register No. lgm_2 032. 8 =9, 11—12, Neogondelella deflecta P1 element, Wang and Wang, 1981 (All the specimens were
upper view. 8, adult, register No. Ilgm 2 021; 9, adult, register No. Ilgm 2 018; 11, youth, register No. lgm 2 013; 12, adult, register No. Ilgm_2 015). 10,
Neogondolella sp. B. P1 element, upper view, adult, register No. Ilgm_2 024. 16,19,25, Neogondolella dongpanensis sp. nov. P1 element (16, oblique up-
per view, youth, register No. lgm 2 031; 19, oblique upper view, youth, register No. lgm 2 029; 25, oblique upper view, juvenile, register No.
lgm 2 033). 17, Neogondolella sp. P1 element, upper view, adult, register No. Ilgm_2 036. 20, 24, Neogondolella postwangi P1 element, Tian, 1993 (Both
specimens upper view. 20, adult, register No. lgm 2 030; 24, adult, register No. lgm 2 023). 21, Neogondolella subcarinata P1 element, Sweet, 1973.
upper view, adult, register No. Igm_2 014. 22, Neogondolella sp. C P1 element, upper view, adult, register No. Igm 2 012. 23, Neogondolella sp. P1 ele-
ment, upper view, adult, register No. lgm 2 026. 26, Neogondolella carinata P1 element, Clark, 1959. upper view, adult, register No. Ilgm 2 034.
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Figure 5 Conodont elements and fish teethes collected from bed 5-2 at the Dongpan Section except for special illustration, Guangxi Zhuang Autonomous
Region. All the specimens are preserved in the Micropaleontology Laboratory, Faculty of Earth Science, China University of Geosciences, Wuhan, China.
1 —2, Neogondolella dongpanensis P1 element (1, upper view, youth, register No. Ilgm_1 004; 2, oblique upper view, juvenile, register No. lgm 1 003). 3
—5, 10, Neogondolella sp. P1 element (3, upper view, adult, register No. Ilgm_1_005; 4, Neogondolella sp. P1 element, upper view, youth, register No.
Igm_1_006; 5, Neogondolella sp. P1 element, upper view, adult, register No. Ilgm_1_007; 10, upper view, youth, register No. lgm_1 012). 6, 8, 11 and 12,
Neogondolella changxingensis P1 element, Wang and Wang, 1981 (6, upper view, youth, register No. Ilgm_1_008; 8, oblique upper view, juvenile, register
No. lgm 1 010; 11, lateral view, juvenile, register No. lgm 1 013; 12, oblique upper view, juvenile, register No. Igm 1 014). 7, Neogondolella sp. P1
element, upper view, adult, register No. Igm_1_009. 9, Neogondolella sp. P1 element, upper view, youth, register No. lgm 1 011. 13, Neogondolella S2
element, lateral view, register No. lgm 2 042, appearing in bed 3 at Dongpan Section. 14, 16, Neogondolella P2 element (14, lateral view, register No.
Igm_2_040; 16, lateral view, register No. Ilgm_2_043; appearing in bed 3 at Dongpan Section). 15, Neogondolella P2 element, lateral view, register No.
lgm 2 041, appearing in bed 3 at Dongpan Section, Guangxi. 17, Neogondolella P2 element, lateral view, register No. lgm 2 039, appearing in bed 3 at
Dongpan Section. 18 and 19, Neogondolella P2 element (18, lateral view, register No. lgm 1 016; 19, lateral view, register No. Ilgm 1 017). 20 and 21,
Neogondolella P2 element (20, lateral view, register No. Igm_1 018; 21, lateral view, register No. Ilgm 1 019). 22 and 23, fish teeth.
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5.2 Stratigraphical correlation between the Dongpan
Section and the Meishan Section

A high-resolution biostratigraphy correlation between
the Dongpan Section and the Meishan Section has not
been carried out because the previous works have not
found conodonts from the former section. Some scholars
tried to carry out this correlation based on chemical
stratigraphy and lithostratigraphy”. Zhang et al.*” in-
vestigated the lithostratigraphy and chemical stratigra-
phy of the Dongpan Section and suggested that bed 10 at
the Dongpan Section corresponds to bed 26 at the Me-
ishan Section. However, the lithology structure during
the Permian-Triassic transition at the Dongpan Section,
which had several interbeds of claystones and mud-
stones (a sandwich structure)®”), was more complicated
than that of the Meishan Section with only one “sand-
wich structure” in the Uppermost Permian. This differ-
ence made the correlation between these two sections
difficult, especially the high-resolution correlation dur-
ing the P/T transition based on the lithology.

The conodont from beds 3 and 5 at the Dongpan Sec-
tion belongs to the N. yini zone which corresponds to
bed 24 at the Meishan Section. During the transition
from beds 3 to 5 at the Dongpan Section, the conodont
Neogondolella underwent a distinct size reduction,
which also took place during the transition from beds
24d to 24e at the Meishan Section (Figure 3). This phe-
nomenon indicates that bed 5 at the Dongpan Section
would correspond to bed 24e at the Meishan Section. N.
sp. A, the transition species from N. yini to N. taylorae,
also supported this biostratigraphy correlation between
these two sections.

Feng et al.®™ investigated the detailed evolutionary
characteristics of the radiolarians and showed they un-
derwent two episodes of extinction, which took place at
the top of bed 5 and bed 7, respectively. Furthermore,
they suggested that these two episodes of radiolarian
extinction corresponded to the top of bed 24d and 24e at
Meishan Section, respectively. It means that the corre-
lating results of conodonts and radiolarians have minor
differences. It could be interpreted by the fact that these
different taxa had different living habits, and therefore
they responded at different times to an environmental
crisis. However, conodont is a commonly accepted
standard taxon for subdivision of the marine strata, and
the correlation of conodont should be more reliable than
that of radiolarians.

The conodont materials indicated that the thickness of
the “event bed” (from the first biotic crisis to the PTB)
at the Dongpan Section was about 5 m thick. However,
the corresponding thickness at the Meishan Section was
only 28 cm. This supports the view that the Meishan
Section is very condensed. Furthermore, it also implies
that the deep-water Dongpan Section may record much
more abundant and complete information about the big-
gest mass extinction in the Phanerozoic, which provides
perfect materials for the study of the co-evolution of
biota and environment during the Permian-Triassic tran-
sition.

6 Systematic palaeontology

Neogondolella dongpanensis sp. nov. Luo, Lai &
Jiang
(Figure 4-16, 19, 25; Figure 5-1, 2)

Holotype: Figure 4-16.

Paratype: Figure 5-1.

Etymology: Named for its first discovery at Dongpan
Section.

Diagnosis: Neogondolella dongpanensis sp. nov. P1
element is diagnosed by the distinct fused carina. The
fused carina becomes gradually lower toward the poste-
rior end. The drop-like platform is composed of rounded,
narrowly rounded or slightly pointed posterior end,
widest in end 1/4 part and gradually tapering toward the
anterior end. The carina of most of the species always
deflected innerward. Free blade is not distinct. The ad-
carinal furrows are shallow. The cusp is not distinct and
is located at the end of the platform.

Remarks: This new species is similar to Neogon-
dolella changxingensis Wang and Wang, 19811, How-
ever, the carina of the new species is fused, while that of
the latter is discrete.

Occurrence: Bed 3 and bed 5 of the Dalong Forma-
tion

Neogondolella sp. A
(Figure 4-4)

Diagnosis: Neogondolella sp. A P1 element has a
segminiploanate element. It charactered by the drop-like
platform and the distinct brim behind the cusp. The pos-
terior end of the platform is wide and flat. The widest
point is located at the posterior end. The adcarinal fur-
rows are wide and shallow. There is no free blade. The
anterior part of the carina is composed of 4—5 semi-
fused denticles. The denticles of the carina decrease
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gradually in size and height toward the posterior until
the cusp, which is erect to slightly recline. There is a
distinct brim behind the cusp.

Remarks: The new species is similar to Neogon-
dolella praetaylorae Kozur, 2004™. The differences
between them are that the platform of the new species is
drop-like, and the widest part is located at the end, and
the denticle of the posterior carina is slightly fused with
a distinct and erect cusp located at the posterior end.
However, the widest part of the latter species with
suboval platform is located in the middle or a little be-
hind it. The denticles of the posterior carina of the latter
species are discrete, and the cusp is erect but not distinct.
The distinct brim behind the cusp of the new species
differentiates it from Neogondolella yini P1 element Mei,
Zhang and Wardlaw, 1998 which has the same platform
shape. There is a distinct brim behind the cusp like
Neogondolella taylorae Orchard, 1998. This is a transi-
tional species from Neogondolella yini to Neogondolella
taylorae. The age of this species may be the same as that
of Neogondolella praetaylorae Kozur, 2004.

Occurrence: Bed 3 of the Dalong Formation at
Dongpan.

Neogondolella sp. B
(Figure 4-10)

Diagnosis: Neogondolella sp. B P1 element is seg-
miniploanate element. The platform is oval shape, and
the widest part is located at the middle and gradually
narrows toward anterior and posterior. Near the end of
the platform, the margins of the platform shrink distinc-
tively and then extend to the end of the platform. The
end margin is straight and without free blade. The ante-
rior carina of the fused carina is high and composed of
4—5 semi-fused denticles. The carina turns low toward
posterior. The cusp is small and erect, and lies a little in
front of the posterior margin. There is a narrow brim
behind the cusp. The posterior part of the carina de-
flected to the inner side. The keel is low, and occupied
1/3—1/2 of the attachment surface. The pit under the
cusp is small.

Remarks: The new species differentiates from other
species with its special platform shape. The fused carina
of this species is the same as the Neogondolella dong-
panensis sp. nov. However, the blunt and straight end
platform margin, wide posterior platform and the brim
behind the cusp are different from Neogondolella dong-
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panensis sp. nov.
Occurrence: Bed 3 of the Dalong Formation at the
Dongpan Section.

Neogondolella sp. C
(Figure 4-22)

Diagnosis: Neogondolella sp. C P1 element is seg-
miniploanate element. The platform is a wide ellipse.
The adcarina is wide and shallow. The platform margins
at middle are sub-parallel, and narrow gradually toward
anterior and posterior. The widest part is at middle. At
1/5—1/6 of the anterior platform, it turns narrow sharply.
The anterior carina is high, and composed of 3—4
semi-fused denticles, and turn small and low discrete
denticles towards posterior. Without free blade. The cusp
is distinct, and fused with the last denticle. There is a
large gap between the last and second last denticle. Be-
hind the cusp, there is a brim. The keel is low, and occu-
pied 1/3 of the attachment surface. The pit is small.

Remarks: This species is similar to Neogondolella
taylorae Orchard, 1994 and N. zhejiangensis Mei, 1996.
The difference between the new species and N. taylorae
Orchard, 1994 is the wide ellipse platform shape, low
and wide adcarina, the sharp narrowed anterior platform
and the cusp fused with the first denticle of the new spe-
cies. The difference between the new species and N.
zhejiangensis is the platform shape and the brim behind
the cusp.

Occurrence: Bed 3 of the Dalong Formation at the
Dongpan Section.

7 Conclusions

This paper reports a study of conodont-based correlation
between deep water facies (Dongpan Section) and shal-
lower water facies (Meishan Section). Abundant
conodonts were found in the limestone lenses at beds 3
and 5 at deep-water Dongpan Section, including 8 spe-
cies of the genus Neogondolella. The conodont fauna
from the Dongpan Section belongs to the upper
Neogondolella yini zone. Based on the conodont zona-
tion and regulation of conodont size reduction at bed 5,
we propose that beds 3 to 5 at Dongpan Section corre-
sponds to bed 24 at Meishan Section. And the crisis of
the radiolarian would lag behind that of other organisms.
At the same time, the conodont data from the Dongpan
Section also indicate that the Neoalbaillella optima ra-
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diolarian zone at least extended to the upper part of
Neogondolella yini conodont zone.

The conodont correlation revealed that the thickness

of the Permian/Triassic “event bed” at the Dongpan Sec-
tion is much thicker than that at the Meishan Section and
indicates that the deep-water facies may record more

Stanley S M, Yang X. A double mass extinction at the end of the Pa-
leozoic Era. Science, 1994, 266: 1340— 1344

Bambach R K, Knoll A H, Wang S C. Origination, extinction, and
mass depletions of marine diversity. Paleobiology, 2004, 30: 522
—542

Benton M J. Mass extinctions in the fossil record of reptiles: para-
phyly, patchiness, and periodicity (?). In: Larwood G, ed. The Ex-
tinction and Survival in the Fossil Record. Systematics Association
Special Volume 34. Oxford: Clarendon Press, 1988. 269 —294

King G M. Terrestrial tetrapods and the end Permian event: a com-
parison of analyses. Historial Biol, 1991, 5: 239—255

Maxwell W D. Permian and Early Triassic extinction of non-marine
tetrapods. Palaeontology, 1991, 35: 571 —583

Yin HF, Yang F Q, Zhang K X, et al. A proposal to the biostratigraphy
criterion of Permian/Triassic boundary. Memoire della Societa de
Geol Italiana, 1988, 34: 329—344

Yin H F, Zhang K X, Tong J N, et al. The Global Stratotype Section
and Point (GSSP) of the Permian-Triassic Boundary. Episodes, 2001,
24:102—114

Yin H F, Tong J N, Zhang K X. A review on the Global Stratotype
Section and Point of the Permian-Triassic Boundary. Acta Geol Sin,
2005, 79: 801 —840

Erwin D H. Impact at the Permo-Triassic boundary: A critical
evaluation. Astrobiology, 2003, 3: 67— 74

Wignall P B. The End-Permian mass extinction — How bad did it get?
Geobiology, 2007, 5: 303—309

Tong J N, Zhang S X, Zuo J X, et al. Events during Early Triassic
recovery from the end-Permian extinction. Glob Planet Change, 2007,
55: 66—80

Xie S C, Pancost R D, Huang J H, et al. Changes in the global carbon
cycle occurred as two episodes during the Permian-Triassic crisis.
Geology, 2007, 35: 1083 — 1086

Yin HF, Feng Q L, Lai X L, et al. The protracted Permo-Triassic crisis
and the multi-act mass extinction around the Permian-Triassic
boundary. Glob Planet Changes, 2007a, 55: 1 —20

Yin H F. Advancements of Permian and Triassic research (in Chinese
with English abstract). Adv Earth Sci, 1994, 9:1—9

Ye M, Feng Q L. Review on deep-sea Permo-Triassic boundary (in
Chinese with English abstract). Geol Sci Tech Inf, 1997, 16: 47—51
Feng Q L, Gu S Z, Jiang M L, et al. Two new radiolarian genera from
the uppermost Permian of southern China. Revue de micropaléon-
tologie, 2004, 47: 135— 143

Feng Q L, Gu S Z, He W H, et al. Latest Permian Entactinaria (Ra-
diolaria) from southern Guangxi, China. J Micropalaeont, 2006, 25:
1—18

LUO GenMing et al. Sci China Ser D-Earth Sci | Nov. 2008 | vol. 51 | no. 11 | 1611-1622

information about Permian-Triassic mass extinction than

shallow-water faices.

We thank Prof. Yin Hongfu for his suggestions about the study on the
Permian-Triassic transition. Thanks are also due to three anonymous
reviewers for their constructive suggestions on this paper.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Feng Q L, He W H, Gu S Z, et al. Latest Permian Spumellaria and
Entactinaria (Radiolaria) from South China. Revue de micropaléon-
tologie, 2006, 49, 21—43

Feng Q L, He W H, Zhang S X, et al. Taxonomy of order Latentifis-
tularia (Radiolaria) from the Latest Permian in Southern Guangxi,
China. J Paleont, 2006, 80: 826 — 848

Jin Y X, Feng Q L, Meng Y Y, et al. Albaillellidae (Radiolaria) from
the latest Permian in Southern Guangxi, China. J Paleont, 2007, 81:
9—18

He W H, Shen S Z, Feng Q L, et al. A late Changhsingian (Late Per-
mian) deep-water brachiopod fauna from the Dalong Formation at the
Dongpan section in southwestern Guangxi, South China. J Paleont,
2005, 79: 927—938

He W H, Shi G R, Feng Q L, et al. Discovery of late Changhsingian
(latest Permian) brachiopod Attenuatella species from South China.
Alcheringa, 2007, 31: 271—284

He W H, Feng Q L, Weldon E A, et al. A late Permian to Early Triassic
bivalve fauna from the Dongpan Section, Southern Guangxi, South
China. J Paleont, 2007, 81: 1012—1022

BulJJ, Wu S B, Zhang H L, et al. Permian-Triassic cephalopods from
Dongpan Section, Guangxi, and its geological significance (in Chi-
nese with English abstract). Geol Sci Tech Inf, 2006, 25: 47—51

Gu S Z, Peng F, He W H, et al. Shallow water smaller foraminifera
from the upper Permian of the Liugiao area, Southwestern Guangxi,
South China (in Chinese with English abstract). Acta Micropalaeont
Sin, 2005, 22: 163 —172

Yuan A H, Crasquin-Soleau S, Feng Q L, et al. Latest Permian
deep-water ostracods from southwestern Guangxi, South China. J
Micropalaeont, 2007, 26: 169—191

Meng Y Y, Feng Q L, He W H, et al. A unique deep-water Per-
mian-Triassic boundary section from the Liuqgiao region in South-
western Guangxi, South China (in Chinese with English abstract). J
Stratig, 2005, 29: 323 —332

Feng Q L, He W H, Gu S Z, et al. Radiolarian evolution during the
latest Permian in South China. Glob Planet Change, 2007, 55:
177—192

He W H, Shi G R, Feng Q L, et al. Brachiopod miniaturization and its
possible causes during the Permian-Triassic crisis in deep water en-
vironments, South China. Palacogeogr Palaeoclim Palaeoecol, 2007,
252:145—163

Zhang F, Feng Q L, He W H, et al. Multidisciplinary stratigraphy
across the Permian-Triassic boundary in deep-water environment of
the Dongpan section, south China. Norwegian J Geol, 2006, 86:
125—131

Yin B A. The Lithology Stratigraphy of Guangxi Zhuang Autonomous

1621



32

33

34

35

36

37

38

1622

Region (in Chinese). Wuhan: China University of Geosciences Press,
1997. 145—165

Wu H R, Kuang G D, Xian X Y, et al. The late Paleozoic radiolarian
cherts in Southern Guangxi and Preliminary exploration on Paleo-
Tethys in Guangxi. Chin Sci Bull, 1994, 39(9): 809—812

Orchard M J, Krystyn L. Conodonts of the Lowermost Triassic of
Spiti, and new zonation based on Neogondolella successions. Rivista
Italiana di Paleontologia e Stratigrafia, 1998, 104: 341 —368

Yao J X, Yao A, Kiyoko K. Upper Permian biostratigraphic correla-
tion between conodont and radiolarian zones in the Tamba-Mino
Terrane, Southwest Japan. J Geosci, Osaka City Univ, 2001, 44:
97—119

Mei S L, Zhang K X, Wardlaw B R. A refined succession of Changh-
singian and Griesbachian neogondolellid conodonts from the Meishan
section, candidate of the global stratotype section and point of the
Permian-Triassic boundary. Palacogeogr Palacoclim Palacoecol, 1998,
143:213—226

Jiang H S, Lai X L, Luo G M. et al. Restudy of conodont zonation and
evolution across the Permian-Triassic Boundary at Meishan Section,
Changxing, Zhejiang. Glob Planet Change, 2007, 55: 39—55

Zhang K X, Lai X L, Ding M H, et al. Conodont sequence and its
global correlation of the Permian-Triassic Boundary in Meishan Sec-
tion, Changxing, Zhejiang province (in Chinese with English abstract).
Earth Sci — J China Univ Geosci, 1995, 20: 669—677

Ding M H, Lai X L, Zhang K X. Conodont sequences and their line-
ages in the Permian-Triassic boundary strata at the Meishan Section,

39

40

41

42

43

44

45

South China. In: Proc 30th Int Geol Congr, 1997, 11: 153—162
Kozur H W. Pelagic uppermost Permian and the Permian-Triassic
boundary conodonts of Iran. Part 1: Taxonomy. Hallesches Jahrb
Geowiss, 2004, 18: 39—68

Jin Y G, Wang Y, Henderson C M, et al. The Global Boundary Stra-
totype Section and Point (GSSP) for the base of Changhsingian Stage
(Upper Permian). Episodes, 2006, 29: 175—182

Kuwahara K. Phylogenetic lineage of late Permian Albaillella (Al-
baillellaria, Radiolaria). J Geosci, Osaka City Univ, 1999, 42:
85—101

Xia W C, Zhang N, Wang G Q, et al. Pelagic radiolarian and conodont
biozonation in the Permo-Triassic boundary interval and correlation to
the Meishan GSSP. Micropaleontology, 2004, 50: 27 —44

Luo G M, Lai X L, Jiang H S, et al. Size variation of the end Permian
conodont Neogondolella at Meishan Section, Changxing, Zhejiang
and its significance. Sci China Ser D-Earth Sci, 2006, 49(3):
337—347

Luo G M, Lai X L, Shi G R, et al. Size variation of conodont elements
of the Hindeodus- Isarcicella clade during the Permian-Triassic tran-
sition in South China and its implication for mass extinction. Pa-
lacogeogr Palaeoclim Palacoecol, 264: 176 — 187

Wang C Y, Wang Z H. Permian conodonts from Longtan Formation
and Changshing Formation of Changxing, Zhejiang and their strati-
graphical and palaeoecological significance (in Chinese with English
abstract). Selected Papers, 1st Convention of Micropalacontological
Society of China. Beijing: Science Press, 1981. 114—120

LUO GenMing et al. Sci China Ser D-Earth Sci | Nov. 2008 | vol. 51 | no. 11 | 1611-1622




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


