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Abstract. The South China Block is crucial for the global study of Cambrian to Ordovician conodont bios-
tratigraphy, but research on its northeastern margin is relatively scarce. Chuzhou, located at the intersection of
the South China Block, North China Block, and the Qinling—Dabie orogenic belt, boasts a significant thick-
ness (> 1100 m) of carbonate-dominated sedimentary succession during the Cambrian Furongian to Middle
Ordovician period. In this study, detailed field measurements and sample collection were conducted on two
well-exposed sections in the Chuzhou area. Nine conodont biozones and three assemblages were identified
from the Furongian Stage 10 to the Middle Ordovician Darriwilian, including the Cordylodus proavus, Cordy-
lodus lindstromi, lapetoganathus fluctivagus, Cordylodus angulatus, Rossodus manitouensis, Colaptoconus
quadraplicatus, Paltodus deltifer, Paroistodus proteus, and Triangulodus bifidus zones, as well as the Juanog-
nathus anhuiensis—Protopanderodus gradates, Nasusgnathus giganteus—Paroistodus parallelus, and Dapsilodus
virtualis—Protopanderodus robustus assemblages. The analysis of conodont biogeographic zonation indicates
that conodonts in the study area were predominantly from the North American Midcontinent Province (warm-
water biota) and North Atlantic Province (cold-water biota) from Stage 10 to the middle Tremadocian and from
the late Tremadocian to the Darriwilian, respectively. This conodont biogeographic transition is comparable to
that in the Tarim, North China, and Qinling blocks but precedes that in the interior of the South China Block,
likely associated with the Early-Middle Ordovician global paleogeographic and surface oceanic models that led
to the changeover of ocean currents in the study area from warm to cold. Furthermore, the lapetognathus fluc-
tivagus zone, defined as the Ordovician lowest boundary, was first discovered in the Lower Yangtze region and
revealed the distribution of this species in the South China Block. The discovery of Parapanderodus lanceolatus
in the early Tremadocian suggests a possible exchange of seawater between the Yangtze and Tarim blocks.

1 Introduction 2008; Fang et al., 2019), carbon isotope anomalies (Schmitz
et al., 2010; Zhu et al., 2006), and biodiversification events
(Sepkoski and Sheehan, 1983; Sepkoski, 1995; Miller, 2003).
Conodonts serve as crucial standard fossils from the Late
Cambrian to the Ordovician, and the establishment of a con-

odont biostratigraphic framework facilitates precise temporal

The Cambrian Furongian to Middle Ordovician is critical in
the transition from the Cambrian evolutionary fauna to Pale-
ozoic evolutionary fauna (Sepkoski, 1978, 1979, 1981, 1984,
Harper et al., 2019). This epoch witnessed significant global

changes in paleoclimate, paleoenvironment, paleogeography,
and paleontology, including sea level fluctuations (Berner,
2001; Haq and Schutter, 2008), climate change (Trotter et al.,

discussions of the aforementioned phenomena. The biogeo-
graphic zonation of conodonts is influenced by several fac-
tors, notably water depth (Seddon and Sweet, 1971; Sweet,
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Figure 1. (a) Geotectonic framework map of the study area. TB is
the Tarim Block, QDOB is the Qinling—Dabie orogenic belt, NCB is
the North China Block, SCB is the South China Block, and SCS is
the South China Sea, modified from Li et al. (2023). (b) Distribution
map of sedimentary facies in the South China Block, modified from
Munnecke et al. (2011).

1984; Zhen and Percival, 2003), temperature (Sweet and
Bergstrom, 1972, 1984; Wang et al., 1996), salinity (Barnes
and Fahraus, 1975; Lindstrom, 1984), and tectonic move-
ments (Pei, 2000), indicating significant paleogeographic im-
plications (Zhan et al., 2013; Wu et al., 2014; Jing et al.,
2015, 2017; Bergstrom and Ferritti, 2017; Wang et al., 2019).

Late Cambrian to Ordovician marine strata in the South
China Block are extensively developed, well exposed, and
fossil-rich. A large number of studies on conodonts has been
done here since the 1980s (An, 1981, 1987; Ding, 1993;
Dong, 1990, 1999; Dong et al., 2004; Wang, 1993; Wang et
al., 1996), and the area still produces numerous studies for
conodonts (Zhen et al., 2006; Wu et al., 2008, 2014; Wang
and Wu, 2009; Wang et al., 2019; Gong et al., 2023). How-
ever, previous studies has primarily focused on the western
and central parts of the South China Block (Upper Yangtze
and Middle Yangtze regions), with relatively limited studies
on the northeastern margin of the Lower Yangtze region. This
limitation results in an incomplete conodont biostratigraphic
framework in the South China Block, impeding regional
stratigraphic correlations. Chuzhou, Anhui province, situated
on the northeastern margin of the Lower Yangtze region, is
the intersection of the South China Block, the North China
Block, and the Qinling—Dabie orogenic belt (Fig. 1a). With
its substantial thickness (> 1500 m) of Cambrian to Ordovi-
cian strata, well-exposed geological formations, and abun-
dant paleontological species, Chuzhou represents an ideal
area for investigating bioenvironmental events and paleogeo-
graphic evolution of the South China Block during this pe-
riod. This study systematically conducted fieldwork and sam-
ple collection on the Cambrian Furongian—-Middle Ordovi-
cian strata in the Chuzhou area to establish a conodont bios-
tratigraphic sequence and discussed the influence of seawater
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depth, climate, water temperature, and ocean currents on the
biogeographic zonation of conodonts, along with the paleo-
geographic implications of select conodont species.

2 Geological settings

During the Cambrian Furongian to the Middle Ordovician,
the South China Block was situated in the middle to lower
latitudes of the northern margin of the Gondwana land-
mass, adjacent to the Annamia, Sibumasu, and Tarim blocks
(Torsvik and Cocks, 2013). Based on sedimentary facies dis-
tribution, the South China Block was subdivided, from north-
west to southeast, into the Yangtze region (platform facies),
the Jiangnan region (slope facies), and the Zhujiang region
(basin facies) (Feng et al., 2001, 2003; Zhang et al., 2002;
Wang, 2016; Wang and Zhan, 2023; Wang et al., 2023)
(Fig. 1b). The Lower Yangtze region, situated in the north-
eastern part of the Yangtze region, lies between the south-
eastern margin of the Dabie Orogenic Belt and the Jiangnan
Orogenic Belt. The Late Cambrian Furongian strata predom-
inantly consist of shallow-water carbonate rocks, extending
into early Early Ordovician and forming a carbonate plat-
form characterized by thick dolomite and limestone deposits.
However, the carbonate platform experienced significant re-
duction in the late Early Ordovician. By the Middle Or-
dovician, the carbonate platform became submerged due to
rapidly rising sea levels, leading to increased terrigenous in-
put and the formation of a mixed carbonate-clastic platform
(Zhang et al., 2002; Feng et al., 2003).

The Chuzhou area is situated on the northeastern margin
of the Lower Yangtze region. The Furongian—Middle Or-
dovician strata in this region are well exposed and extended
in a NE-SW direction (Fig. 2). These formations primarily
comprise carbonate rocks, with minor occurrences of mud-
stone and shale. The Dagishan quarry section (32°13’8.1” N,
118°12'26.4"” E), approximately 13km southwest of the
Chuzhou urban area, exhibits a continuous stratigraphic suc-
cession from Cambrian Stage 10 to Ordovician Darriwil-
ian with a huge thickness of 1113.9m. On the other hand,
the Langyashan section (32°16'24.0" N, 118°17'43.4” E) ex-
poses Cambrian Furongian to Lower Ordovician strata with
a thickness of 462.7 m. The lithostratigraphic units of these
two sections are described in ascending order as follows.

2.1 Langyashan section

Langyashan Formation. The lower part of the Langyashan
Formation is comprises gray medium- to thick-bedded lime-
stone (Fig. 3a). The middle part of this formation is char-
acterized by dark gray thick-bedded limestone with densely
accumulated mud bands. The upper part consists of light gray
thick-bedded dolomite. The Langyashan Formation has a to-
tal thickness of about 99.8 m and contains abundant trilo-
bites, such as Proceratiyge and Pseudopelaspis (Zhu et al.,
1984).
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Figure 2. (a) Stratigraphic distribution map of Furongian to Middle Ordovician in Chuzhou area, modified from the Anhui Geological
Bureau (1987). (b) Stratigraphic histogram of sections in the Chuzhou area. Cst is for Cheshuitong Fm (formation), Soc is for Shangouchong
Fm, Fx is for Fenxiang Fm, Hhy is for Honghuayuan Fm, Dw is for Dawan Fm, Knt is for Kuniutan Fm, and Syz is for Sanyuanzhi Fm.

Cheshuitong Formation. The lower part of this
Cheshuitong Formation primarily consists of dolomitic
limestone with a total thickness of about 72.5m (Fig. 3b).
The upper part of this formation comprises dark gray thick-
bedded limestone with well-developed lime mud bands.
Each lime mud band is approximately 1 to 2cm thick. In
the upper part of the formation, trilobite species such as
Pagoda major and Saukid were discovered (Anhui Provincial
Geological Survey, 1987). Previously, the Proconodontus
and Cordylodus proavus zones were established within the
Cheshuitong Formation (Dong, 1987).

Shangouchong Formation. This formation is composed of
dark gray thick-bedded limestone and gray dolomitic lime-
stone (Fig. 3c). The layers exhibited are relatively flat and
contain some siliceous nodules. The lower part of the for-
mation is dominated by banded limestone, with each mud
band approximately 0.2 to 1 cm thick and appearing grayish-
yellow after weathering. A small number of brachiopods in-
cluding Apheortis meeki, Archaeorthis sp., the cephalopods
Proteocameroceratidae, and the crinoid stem Hexagonocy-
clinus were discovered in this area (Anhui Provincial Ge-
ological Survey, 1987). Previously, conodont zones and as-
semblages, including the Cordylodus intermedius and the
Cordylodus angulatus zones and the Scolopodus bassleri—
Scolopodus tripletus assemblage, were established within the
Shangouchong Formation (Dong, 1987).
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2.2 Dagqishan section

Cheshuitong Formation. The lower part of the Cheshuitong
Formation is characterized by gray—white thick-bedded silty
dolomite. The middle part consists of gray medium-bedded
dolomitic limestone. The layers generally exhibit stylolites
and locally contain siliceous nodules. The upper part com-
prises light gray thick-bedded or massive dolomitic calcaren-
ite limestone (Fig. 3b). Only minor bioclastic material was
observed within this formation. With a total thickness of
133.2m, the Cheshuitong Formation features a high con-
tent of lime mud, dolomite, rare fossils, and birdseye struc-
tures, suggesting a supratidal sabkha environment (Zhu et al.,
1984).

Shangouchong Formation. The lower and middle parts
of the Shangouchong Formation are characterized by gray
thick-bedded to massive banded limestone. The upper part
comprises gray thick-bedded bioclastic limestone with abun-
dant trilobites and echinoderms. Its uppermost part consists
of light gray thick-bedded silty dolomitic limestone (Fig. 3c),
with a total thickness of 283.6 m. Featuring a high content
of lime mud, strong dolomite lithification, rare fossils, and
intense evaporation, the Shangouchong Formation is indica-
tive of an intertidal or supratidal sabkha environment in an
arid climate (Zhu et al., 1984; Zhan and Jin, 2007; Liu et al.,
2011).

Fenxiang Formation. The Fenxiang Formation primarily
comprises of gray medium- to thick-bedded calcarenite, with

J. Micropalaeontology, 43, 283-302, 2024
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Figure 3. (a) Light gray medium to thick-bedded banded limestones of the middle part of the Langyashan Formation at Bed 6 of the
Langyashan section. (b) Light gray massive dolomitic limestone of the upper part of the Cheshuitong Formation at Bed 3 of the Daqishan
section. (c¢) Light gray thick-bedded to massive limestone or dolomitic limestone of the Shangouchong Formation at Bed 10 of the Daqgishan
section. (d) Thin gray to medium-bedded calcarenite interbedded with shales of the upper part of the Fenxiang Formation at Bed 12 of the
Dagqishan section. (e) Dark gray medium-bedded siliceous limestone of the middle part of the Honghuayuan Formation at Bed 15 of the
Dagishan section. (f) Dark gray medium-bedded nodular limestone of the lower part of the Dawan Formation at Bed 18 of the Dagishan
section. (g) Dark gray thin-bedded mudstone interbedded with shales in the middle part of the Kuniutan Formation at Bed 23 of the Daqgishan
section. (h) Dark thick-bedded calcarenites of the lower part of the Sanyuanzhi Formation at Bed 28 of the Dagishan section.

a total thickness of 103.0m, often displaying a mottled
reddish-brown weathered surface. The uppermost part of this
formation mainly contains yellow—brown thin-bedded shale
(Fig. 3d). The Fenxiang Formation is predominantly matrix-
supported, with a higher content of bioclasts dominated by a
few closed-species biological assemblages, suggesting a pos-
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sible restricted platform or lagoon environment (Zhu et al.,
1984; Liu et al., 2011).

Honghuayuan Formation. The lower part of the
Honghuayuan Formation is characterized by dark gray
thick-bedded bioclastic limestone containing fragments
of echinoderms and trilobites. The middle part of this

https://doi.org/10.5194/jm-43-283-2024
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formation comprises dark gray medium-bedded siliceous
limestone, while the upper part contains gray thick-bedded
calcarenite (Fig. 3e). With a total thickness of 144.4 m, the
Honghuayuan Formation is mainly particle-supported grain-
stone. The grains are predominantly bioclastic, with a small
number of intraclasts, indicating a highly hydrodynamic
environment such as a mid-ramp or shoal (Liu, 2009; Liu et
al., 2011).

Dawan Formation. The lower part of the Dawan Forma-
tion comprises dark gray medium-bedded nodular limestone,
while the upper part consists of gray thick-bedded bioclas-
tic calcarenite or calcirudite (Fig. 3f). With a total thickness
of 138.7 m, the Dawan Formation features a higher content of
lime mud and fewer bioclasts, with echinoderms dominating,
suggesting relatively weak hydrodynamics and presumably a
mid-ramp environment (Luan et al., 2019, 2021).

Kuniutan Formation. The base of the Kuniutan Formation
comprises dark gray thin-bedded mudstone with interbed-
ded shales. The lower part consists of dark gray thin-bedded
silty limestone. The middle part comprises gray medium-
bedded bioclastic calcarenite or calcirudite, while the up-
per part mainly comprises dark gray thin-bedded mudstone
(Fig. 3g). With a total thickness of 112.1 m, the Kuniutan
Formation is dominated by lime mudstone, with fine-grained
bioclasts, suggestive of deposition in an outer-ramp environ-
ment (Zhan and Jin, 2007).

Sanyuanzhi Formation. The lower part of the Sanyuanzhi
Formation is composed of dark gray thick-bedded calcaren-
ites. The upper part is interbedded with dark gray medium-
to thick-bedded nodular limestones and mudstones (Fig. 3h).
No fossil records are associated with this formation. The
Sanyuanzhi Formation consists entirely of lime mudstone
with minor particles, suggesting a formation on an outer
ramp where the waterbody is deeper (Zhu et al., 1984; Luan
et al., 2018).

3 Materials and methods

A total of 60 limestone or dolomite conodont samples, each
weighing approximately 2 to 5Skg, were collected in the
Dagqishan quarry section (39) and the Langyashan section
(21). There are 36 samples yielding conodonts. The rich-
est specimens came from the lower part of the succession
(Cheshuitong, Shangouchong, and Fenxiang formations);
however, few were yielded in the upper part (Dawan and Ku-
niutan formations). Conodont separation was performed at
the Micropaleontology Laboratory, School of Resource and
Environmental Engineering, Hefei University of Technology,
China. All samples were cleaned, crushed to 1-2 cm?, and
then dissolved with 5 %—10 % diluted acetic acid to obtain
insoluble residues (Jeppsson et al., 1999). Residues were col-
lected by wet sieving through 60 and 160 meshes and air-
dried, after which conodonts were handpicked using a binoc-
ular microscope. All specimens were deposited at the Mi-

https://doi.org/10.5194/jm-43-283-2024

cropaleontology Lab of the Hefei University of Technology,
and selected forms were photographed using scanning elec-
tron microscopy (SEM).

4 Results

4.1 Conodont fauna and biostratigraphy

A total of 473 conodont elements were recovered and as-
signed to 45 species and 28 genera from the Cambrian Stage
10 to the Ordovician Darriwilian (Figs. 4, 5). The sample
number, position, species, and amount are provided in the
Supplement.

4.1.1 Langyashan section

The conodont biostratigraphy from the Cambrian Stage
10 to the Ordovician Tremadocian established from the
Langyashan section is as follows (Fig. 6).

Cordylodus proavus zone:

The C. proavus zone was first established in the North
American carbonate platform facies in the House Range,
Utah (Miller, 1969, 1980). This biozone is located in the
middle and lower part of the Cheshuitong Formation (Bed
8) with the occurrence of Cordylodus proavus as the bottom
boundary and Cordylodus lindstromi as the top boundary.
Other symbiotic species include Cambrooistodus cambricus,
Phakelodus tenuis, Proconodontus muelleri, Furnishina fur-
nishi, Proconodontus tenuiserratus, Eoconondontus notch-
peakensis, Cordylodus intermedius, and Monocostodus se-
vierensis (Fig. 4).

Cordylodus lindstromi zone:

The C. lindstromi zone was first established in the North
American biozone (Miller, 1980). This biozone is located
at the top of the Cheshuitong Formation (Bed 9) with the
occurrence of Cordylodus lindstromi as its bottom bound-
ary and the occurrence of lapetognathus fluctivagus as its
top boundary. The conodonts in this zone are Chosonodina
tridentata, Teridontus nakamurai, Teridontus gracilis, Teri-
dontus erectus, Utahconus beimadaoensis, and Drepanodus
tenuis (Fig. 4).

lapetognathus fluctivagus zone:

The I. fluctivagus zone was first established in Green
Point, Newfoundland (Barnes, 1988; Cooper et al., 2001).
This biozone is located at the bottom of the Shangouchong
Formation (Bed 10) with the occurrence of lapetognathus
fluctivagus as the bottom boundary and the occurrence of
Cordylodus angulatus as the top boundary. Conodonts in this
zone also include Moncostodus sevierensis, Teridontus naka-
murai, Teridontus gracilis, Cordylodus intermedius, Acan-
thodus lineatus, Teridontus erectus, and Drepanodus tenuis
(Fig. 4).

Cordylodus angulatus zone:

The C. angulatus zone was first established in the North
American biozone (Miller, 1978). This biozone is located in
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Figure 4. SEM photos of conodonts from the Chuzhou area. (a) Cambrooistodus cambricus (Miller, 1969) from sample wz882 of the
Langyashan Formation. (b) Phakelodus tenuis (Miiller, 1959) from sample wz885 of the Langyashan Formation. (¢) Proconodontus muel-
leri (Miller, 1969) from sample wz886 of the Langyashan Formation. (d) Furnishina furnishi (Miiller, 1959) from sample wz887 of
the Langyashan Formation. (e) Utahconus utahensis (Miller, 1969) from sample wz890 of the Cheshuitong Formation. (f) Utahconus
beimadaoensis (Chen, 1988), S element, from sample wz892 of the Cheshuitong Formation. (g) Cordylodus angulatus (Pander, 1856),
Pb element, from sample wz910 of the Shangouchong Formation. (h) Cordylodus intermedius (Furnish, 1938), S element, from sample
wz897 of the Cheshuitong Formation. (i) Cordylodus lindstromi (Druce and Jones, 1971), S element, from sample wz897 of the Cheshuitong
Formation. (j) Cordylodus proavus (Miiller, 1959), S element, from sample wz892 of the Cheshuitong Formation. (k) Monocostodus se-
vierensis (Miller, 1969) from sample wz904 of the Shangouchong Formation. (1) lapetognathus fluctivagus (Nicoll et al., 1999), P element,
from sample wz904 of the Shangouchong Formation. (m) Teridontus huanghuachangensis (Ni, 1981), S element, from sample wz904 of
the Shangouchong Formation. (n) Teridontus nakamurai (Nogami, 1967), S element, from sample wz916 of the Shangouchong Formation.
(0) Teridontus erectus (Druce and Jones, 1971), S element, from the sample wz907 of the Shangouchong Formation. (p) Drepanodus tenuis
(Moskalenko, 1967), P element, from sample wz910 of the Shangouchong Formation. (q) Drepanoistodus suberectus (Branson and Mehl,
1933), Sa element, from sample wz910 of the Shangouchong Formation. (r) Scolopodus primitivus (An et al., 1983), S element, from sample
wz925 of the Shangouchong Formation. (s) Semiacontiodus baianensis (Ding, 1993), S element, from sample wz917 of the Shangouchong
Formation. (t) Semiacontiodus lavadamensis (Miller, 1969) from sample wz945 of the Shangouchong Formation. (w) Parapanderodus lance-
olatus (Ji and Barnes, 1994), Sa element, from sample wz923 of the Shangouchong Formation.
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Figure 5. SEM photos of conodonts from the Chuzhou area. (a) Parapanderodus striatus (Graves and Ellison, 1941), Sa element, from
sample wz924 of the Shangouchong Formation. (b) Rossodus manitouensis (Repetski and Ethington, 1983), S element, from sample wz929
of the Shangouchong Formation. (¢) Variabiloconus bassleri (Furnish, 1938), S element, from sample wz923 of the Fenxiang Formation.
(d) Colaptoconus quadraplicatus (Branson and Mehl, 1933), S element, from sample wz923 of the Shangouchong Formation. (e) Aco-
dus jiangningensis (Ding, 1993) from sample wz917 of the Shangouchong Formation. (f) Paltodus deltifer (Lindstrom, 1955) from sample
wz935 of the Fenxiang Formation. (g) Triangulodus proteus (An, 1981), S element, from sample wz961 of the Honghuayuan Formation.
(h) Cornuodus longibasis (Lindstrom, 1955), Sa element, from sample wz976 of the Dawan Formation. (i) Paroistodus parallelus (Pander,
1856), Sc element, from sample wz978 of the Dawan Formation. (j) Juanognathus anhuiensis (An, 1987), S element, from sample wz961
of the Honghuayuan Formation. (K) Scolopodus fangcunensis (Ding, 1993), S element, from sample wz972 of the Honghuayuan Formation.
(1) Triangulodus brevibasis (Sergeeva, 1963), Sb element, from sample wz950 of the Honghuayuan Formation. (m) Dapsilodus variabilis
(Webers, 1966), S element, from sample wz995 of the Kuniutan Formation. (n) Scalpellodus tersus (Dzik, 1976), S element, from sample
wz935 of the Fenxiang Formation. (0) Protopanderodus gradatus (Serpagli, 1974), S element, from sample wz954 of the Honghuayuan
Formation. (p) Nasusgnathus giganteus (Ni and Li, 1987), Sb element, from sample wz978 of the Dawan Formation. (q) Protopandero-
dus robustus (Hadding, 1913), Sa element, from sample wz1002 of the Kuniutan Formation. (r) Protopanderodus varicostatus (Sweet and
Bergstrom, 1962), S element, from sample wz1002 of the Kuniutan Formation. (s) Drepanodus arcuatus (Pander, 1856), Sa element, from
sample wz983 of Dawan Formation. (t) Drepanoistodus basiovalis (Sergeeva, 1963), Sa element, from sample wz999 of Kuniutan Forma-
tion. (u) Scabbardella altipes (Henningsmoen, 1948), P element, from sample wz1005 of Sanyuanzhi Formation. Scale bars = 100 um. All
specimens are preserved in the Micropaleontology Lab at the Hefei University of Technology.
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Figure 6. Cambrian Furongian—Lower Ordovician conodont biostratigraphy in the Langyashan Section.

the lower part of the Shangouchong Formation (Bed 11 to
12) with the occurrence of Cordylodus angulatus as the bot-
tom boundary and the occurrence of Rossodus manitouen-
sis as the top boundary. Conodonts in this zone also in-
clude Scolopodus pseudoplanus, Semiacontiodus baianen-
sis, Acanthodus lineatus, Drepanodus tenuis, Drepanoisto-
dus suberectus, and Variabiloconus bassleri (Figs. 4, 5).

Rossodus manitouensis zone:

The R. manitouensis zone was first established in the
North American biozone (Pyle and Barnes, 2001). This bio-
zone is located in the middle of the Shangouchong Forma-
tion (Bed 13) with the occurrence of Rossodus manitouen-
sis as the bottom boundary and the occurrence of Colap-
toconus quadraplicatus as the top boundary. Conodonts in
this zone also include Scolopodus primitivus, Variabiloconus
bassleri, Aloxoconus staufferi, Acanthodus lineatus, Drepan-
odus tenuis, Drepanoistodus suberectus, Scolopodus pseudo-
planus, and Parapanderodus striatus (Figs. 4 and 5).

J. Micropalaeontology, 43, 283—-302, 2024

4.1.2 Dagqishan quarry section

The conodont biostratigraphy from the Cambrian Stage 10 to
the Ordovician Darriwilian in the Daqgishan quarry section is
as follows (Fig. 7).

Cordylodus proavus zone:

This biozone is located in the middle and lower part of
the Cheshuitong Formation (Bed 1 to 2) with the occurrence
of Cordylodus proavus as the bottom boundary and Cordy-
lodus lindstromi as the top boundary. Conodonts in this zone
also include Phakelodus tenuis, Utahconus beimadaoensis,
Cordylodus intermedius, Teridontus nakamurai, Teridontus
gracilis, and Monocostodus sevierensis (Fig. 4).

Cordylodus lindstromi zone:

This biozone is located at the top of the Cheshuitong For-
mation (Bed 3) with the occurrence of Cordylodus lindstromi
as the bottom boundary and the occurrence of lapetognathus
fluctivagus as the top boundary. Conodonts in this zone also
include Moncostodus sevierensis, Teridontus erectus, Teri-
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Figure 7. Cambrian Furongian—-Middle Ordovician conodont biostratigraphy in the Dagishan quarry section.

dontus nakamurai, Teridontus gracilis, Cordylodus proavus,
and Cordylodus intermedius (Fig. 4).

lapetognathus fluctivagus zone:

This biozone is located at the bottom of the Shangouchong
Formation (the lower part of Bed 4) with the occurrence of
lapetognathus fluctivagus as the bottom boundary and the oc-
currence of Cordylodus angulatus as the top boundary. Con-
odonts in this zone also include Moncostodus sevierensis,
Teridontus nakamurai, Teridontus gracilis, Teridontus erec-
tus, Cordylodus proavus, Cordylodus intermedius, Acantho-
dus lineatus, Semiacontiodus baianensis, Cordylodus lind-
stromi, and Drepanodus tenuis (Fig. 4).

https://doi.org/10.5194/jm-43-283-2024

Cordylodus angulatus zone:

This biozone is located at the lower part of the Shang-
ouchong Formation (upper part of Bed 4 to lower part of
Bed 7) with the occurrence of Cordylodus angulatus as
the bottom boundary and the occurrence of Rossodus man-
itouensis as the top boundary. Conodonts in this zone also
include Scolopodus pseudoplanus, Chosonodina tridentata,
Teridontus gracilis, Teridontus erectus, Aloxoconus stauf-
feri, Acanthodus lineatus, Drepanodus tenuis, Drepanoisto-
dus suberectus, and Variabiloconus bassleri (Fig. 4).

Rossodus manitouensis zone:

J. Micropalaeontology, 43, 283-302, 2024
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This biozone is located in the middle of the Shangouchong
Formation (the upper part of Bed 7) with the occurrence of
Rossodus manitouensis as the bottom boundary and the oc-
currence of Colaptoconus quadraplicatus as the top bound-
ary. Conodonts in this zone also include Variabiloconus bass-
leri, Aloxoconus staufferi, Teridontus erectus, Drepanodus
tenuis, Drepanoistodus suberectus, and Scolopodus pseudo-
planus (Figs. 4, 5).

Colaptoconus quadraplicatus zone:

The C. quadraplicatus zone was first established in the
North American biozone (Branson and Mehl, 1933). This
biozone is located at the top of the Shangouchong Forma-
tion (Bed 8 to Bed 10) with the occurrence of Colaptoconus
quadraplicatus as the bottom boundary and Paltodus deltifer
as the top boundary. Conodonts in this zone also include Aco-
dus jiangningensis, Teridontus erectus, Drepanodus tenuis,
Scolopodus primitivus, Rossodus manitouensis, Variabilo-
conus bassleri, Parapanderodus striatus, and Parapandero-
dus lanceolatus (Fig. 5).

Paltodus deltifer zone:

The P. deltifer zone was first established in the Baltic
(Lindstrom, 1971). This biozone is located at the bottom of
the Fenxiang Formation (lower part of Bed 11) with Paltodus
deltifer as the bottom boundary and Paroistodus proteus as
the top boundary. Conodonts in this zone also include Acodus
Jjiangningensis, Drepanodus tenuis, Scolopodus primitivus,
Variabiloconus bassleri, and Scalpellodus tarsus (Fig. 5).

Paroistodus proteus zone:

The P. proteus zone was first established in Europe (Lind-
strom, 1971). This biozone is located in the middle of the
Fenxiang Formation (upper part of Bed 11) with the occur-
rence of Paroistodus proteus as the bottom boundary and the
occurrence of Triangulus bifidus as the top boundary. Con-
odonts in this zone also include Paltodus sweeti, Scalpel-
lodus tarsus, Scolopodus pseudoplanus, Triangulodus pro-
teus, and Paltodus deltifer (Fig. 5).

Triangulodus bifidus zone:

The T. bifidus zone was first established in South China
(Zhen et al., 2006). This biozone is located at the top of the
Fenxiang Formation (Bed 12 to Bed 13) with the occurrence
of Triangulus bifidus as the bottom boundary. Conodonts in
this zone also include Scolopodus pseudoplanus, Scalpel-
lodus tarsus, Paltodus deltifer, Paroistodus proteus, Triangu-
lodus proteus, Paltodus sweeti, and Triangulodus brevibasis
(Fig. 5).

Juanognathus anhuiensis—Protopanderodus gradates as-
semblage:

The assemblage is located in the Honghuayuan Formation
(Bed 14 to Bed 16) which is defined by the co-occurrence of
Juanognathus anhuiensis—Protopanderodus gradates. Con-
odonts in this assemblage also include Scolopodus fang-
cunensis, Paltodus deltifer, Triangulodus bifidus, Triangu-
lodus brevibasis, Scolopodus rex, and Cornuodus longibasis

(Fig. 5).
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Nasusgnathus giganteus—Paroistodus parallelus assem-
blage:

This assemblage is located in the Dawan Formation (Bed
17 to Bed 20) which is defined by the co-occurrence of Na-
susgnathus giganteus—Paroistodus parallelus. Conodonts in
this assemblage also include Drepanodus arcuatus, Triangu-
lodus brevibasis, Scolopodus rex, and Cornuodus longibasis
(Fig. 5).

Dapsilodus viruensis—Protopanderodus robustus assem-
blage:

This assemblage is located in the Kuniutan Formation
(Bed 21 to Bed 26) which is defined by the co-occurrence
of Dapsilodus viruensis—Protopanderodus robustus. Con-
odonts in this assemblage also include Drepanodus arcuatus,
Faroistodus parallelus, Protopanderodus varicostatus, Cor-
nuodus longibasis, and Protopanderodus variabilis (Fig. 5).

5 Discussion

5.1 Regional correlation of conodont zones

The conodont zones established from the Cambrian Furon-
gian to Middle Ordovician Darriwilian in the Chuzhou area
can be well correlated with the conodont zones from the ad-
jacent blocks. The detailed descriptions are as follows.

Cordylodus proavus zone:

The zone fossil C. proavus is a globally distributed
species, which is widely distributed in Cambrian Furongian
strata in the South China Block and North China Block
(Wang et al., 2016, 2019), and can be correlated with the
lower part of the T. Nakamurai-T. huanghuachangensis—T.
gracilis assemblage in the Tarim Block (Table 1). The main
members of this conodont zone are P, tenuis, U. beimadaoen-
sis, U. utahensis, C. intermedius, T. nakamurai, T. gracilis,
and M. sevierensis.

Cordylodus lindstromi zone:

The zone fossil C. lindstromi is common in the Cam-
brian Furongian strata of the North China Block and also
distributed in the Jiangnan region of the South China Block
(Wang et al., 2014, 2016, 2019). This conodont zone cor-
responds to the lower part of the M. sevierensis zone of
the Yangtze platform in the South China Block, which
is equivalent to the lower part of the 7. Nakamurai-T.
huanghuachangensis—T. gracilis assemblage in the Tarim
Block (Table 1). The main members of this conodont zone
are U. beimadaoensis, M. sevierensis, T. nakamurai, T. gra-
cilis, C. proavus, C. intermedius, A. lineatus, and S. baianen-
SIs.

lapetognathus fluctivagus zone:

The zone fossil . fluctivagus is globally restricted and de-
fines the lowest boundary of the Ordovician (Barnes, 1988;
Cooper et al., 2001). It has been noticed only in certain sec-
tions with low abundances (Nicoll et al., 1999; Miller et al.,
2014,2015; Albanesi et al., 2015; Zhen et al., 2017; Zhang et
al., 2019). In the South China Block, the I. fluctivagus zone
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Table 1. Correlation of Furongian Stage 10 to Middle Ordovician Darriwilian conodont biostratigraphy in the Dagishan quarry section with
those from Langyashan (Dong, 1987), South China (Wang et al., 2019), North China (Wang et al., 2014), Tarim (Jing, 2009), and Qinling
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is only found in Jiangnan region, which has a specific signif-
icance as an environmental indicator and corresponds to the
L. jilinensis zone in the North China Block (Table 1). In this
conodont zone, elements predominantly found in the Upper
Cambrian to the Lower Ordovician include M. sevierensis, T.
nakamurai, T. gracilis, C. proavus, C. intermedius, A. linea-
tus, C. lindstromi, D. tenuis, and D. suberectus.

Cordylodus angulatus zone:

The zone fossil C. angulatus is distributed worldwide in
the lower part of the Lower Ordovician (Pei, 2000; Wang
et al., 2016, 2019). The conodont zone established in this
area is well correlated with that from the South China Block,
North China Block, Tarim Block, and Qinling Block (Ta-
ble 1). The main members of this conodont zone include S.
pseudoplanus, C. tridentata, T. gracilis, T. erectus, C. inter-
medius, D. tenuis, D. suberectus, and V. bassleri.

Rossodus manitouensis zone:

The zone fossil R. manitouensis is mainly distributed in the
Lower Ordovician of the South China Block (Lunshan For-
mation, Liuxia Formation, and Nanjinguan Formation), the
North China Block (Yeli Formation), and the Tarim Block
(Qulitage Group) (Wang et al., 2016, 2019). The R. mani-
touensis zone established in this area is equivalent to the C.
herfurthi zone of the Jiangnan slope and the upper part of
the C. herfurthi—R. manitouensis zone in the Tarim Block
(Jing, 2009; Wang et al., 2019), which corresponds to the
same name zone from the Yangtze platform (Table 1). The
main members of this conodont zone include S. primitivus,
V. bassleri, A. staufferi, D. suberectus, T. erectus, S. pseudo-
planus, C. angulatus, and P, striatus.

Colaptoconus quadraplicatus zone:

The zone fossil C. quadraplicatus is distributed in the
Lower Ordovician of the South China Block (Lunshan For-
mation), North China Block (Yeli Formation), and Tarim
Block (Qulitage Group) (Jing, 2009; Wang et al., 2016,
2019). The C. quadraplicatus zone established in this area
correlates with the lower part of the 7. proteus—C. quadrapli-
catus zone from the Yangtze platform of the South China
Block. It also corresponds to the same name zone of the
North China Block and the Tarim Block (Table 1). The main
members in the conodont zones are S. rectus, A. jiangningen-
sis, Teridontus erectus, D. tenuis, T. erectus, S. pseudoplanus,
and R. manitouensis.

Paltodus deltifer zone:

P. deltifer is a zone fossil that is widely distributed in many
regions around the world (Pei, 2000; Wang et al., 2019).
The P. deltifer zone established in this area corresponds to
the upper part of the same name zone in the Qinling Block,
Jiangnan Slope region, and the lower part of the 7.proteus—
P. deltifer zone in the Tarim Block. This conodont zone has
not been found in the North China Block but can contrast
with the lower part of the S. tersus—T. bifidus zone (Table 1).
The key members of this conodont zone include 7. proteus, J.
anhuiensis, T. erectus, D. tenuis, S. primitivus, T. brevibasis,
and S.tersus.

J. Micropalaeontology, 43, 283—-302, 2024

Paroistodus proteus zone:

The zone fossil P. proteus is mainly distributed in the
South China Block and the Tarim Block, and it has also been
found in the Qinling Block (Pei, 2000; Jing, 2009; Wang et
al., 2019). The P. proteus zone established in this study corre-
sponds to the same name zone on the Jiangnan Slope region
and the upper part of the T. proteus—C. quadraplicatus zone
in the Yangtze platform region. In addition, this zone corre-
sponds to the middle part of the S. tarsus—T. bifidus zone in
the North China Block, the middle part of the T. proteus—P.
deltifer zone in the Tarim Block, and the lower part of the
same name zone in the Qinling Block (Table 1). This con-
odont zone mainly contains P. sweeti, P. gradates, C. lon-
gibasis, S. pseudoplanus, S. rex, A. jiangningensis, T. pro-
teus, J. anhuiensis, and P. deltifer.

Triangulodus bifidus zone:

The zone fossil Triangulodus bifidus is mainly dis-
tributed in the Lower Ordovician Fenxiang Formation and
Honghuayuan Formation of the South China Block and the
Lower Ordovician Qulitage group of the Tarim Block (Zhao
and Tan, 1999; Wang et al., 2019). The T. bifidus zone es-
tablished in this area corresponds to the same name zone
in the South China Block, the upper part of the S.rersus—
T.bifidus zone in the North China Block, the upper part of the
T.proteus—P.deltifer zone in the Tarim Block, and the upper
part of the same name zone in Qinling Block (Table 1). This
conodont zone mainly contains S. pseudoplanus, J. anhuien-
sis, P. deltifer, P. proteus, T. proteus, P. sweeti, P. gradates, S.
rex, and C. longibasis.

Juanognathus anhuiensis—Protopanderodus gradates as-
semblage:

Juanognathus anhuiensis and Protopanderodus gradates
was mainly found in the Honghuayuan Formation and
Dawan Formation (Lower to Middle Ordovician) of the
Lower Yangtze region (Wang and Wu, 2009). The J
anhuiensis—Protopanderodus gradates assemblage estab-
lished in this area corresponds to the S. bilobatus to P. el-
egans zone in the Jiangnan Slope region and the S. diver-
sus to O. communis zone in the Yangtze platform region. It
is comparable to the S. bilobatus to P. obesus zone in the
North China Block and the S. diversus—S. tarimensis—P. pro-
teus zone in the Tarim Block. It also correlates the P. elegaus
zone to the lower—middle part of the O. evae zone in the Qin-
ling Block (Table 1). The critical members of this conodont
zone are V. bassleri, P. deltifer, T. bifidus, T. brevibasis, C.
longibasis, and P. parallelus.

Nasusgnathus giganteus—Paroistodus parallelus assem-
blage:

N. giganteus was produced in the Lower and Middle Or-
dovician of the Yangtze platform region and Tarim Block.
Similarly, P. parallelus was observed in the Dawan Forma-
tion (Middle Ordovician) from South China and the Qiulitag
Group in the Tarim Block (Wang and Wu, 2009). The N.
giganteus—P. parallelus assemblage established in the study
area corresponds to the upper part of the O. evae zone and
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the lower part of the P. originalis zone in the Jiangnan Slope
region, the O. evae to the M. parva zone in the Yangtze plat-
form region, the upper part of the S. diversus—S. tarimensis—
P. proteus assemblage in the Tarim Block, and the upper part
of the O. evae to P. originalis zone in the Qinling Block (Ta-
ble 1). This conodont zone mainly contains S. rex, C. lon-
gibasis, and J. jaanussoni.

Dapsilodus viruensis—Protopanderodus robustus assem-
blage:

D. viruensis was mainly produced in the Kuniutan For-
mation (Middle Ordovician) and Yanwashan Formation (Up-
per Ordovician) in the South China Block, while P. robus-
tus was primarily found in the Middle and Upper Ordovician
in the South China Block, North China Block, and Tarim
Block (Wang and Wu, 2009). The D. viruensis—P. robustus
assemblage established in the study area corresponds to the
upper part of the P. originalis to P. serra zone in the Jiang-
nan Slope region and the L. antivariabilis to P. serra zone
in the Yangtze platform region, which corresponds to the
H. holodentata—T. tangshanensis to the P. serra zone in the
North China Block, the M. parva to the P. serra zone in the
Tarim Block, and the L. variabilis to the P. serra zone in the
Qinling Block (Table 1). This conodont zone mainly contains
S. rex and P. parallelus.

5.2 Evolution of conodont biota in the study area

The earliest euconodonts that appeared in the Furongian are
single forms dominated by simple cone elements. At this
time, there was no zoning phenomenon evident in the con-
odont fauna at a global scale (Dong et al., 2004; Dong and
Zhang, 2017; Bagnoli et al., 2017). During the Ordovician,
the global conodont biogeographic region can be divided
into the North Atlantic Province and the North American
Midcontinent Province (Sweet, 1979, 1984). The North At-
lantic Province type yields cold-water elements that mainly
developed in cold deep-water environments at higher lati-
tudes, while the North American Midcontinent Province type
yields warm-water elements that mainly developed in warm
shallow-water environments at lower latitudes (Bergstrom
and Sweet, 1966; Zhen and Percival, 2003; Barnes, 2020). In
addition, the transitional type that mixed with North Atlantic
Province type and North American Midcontinent Province
type was often observed at the margin of some blocks, such
as the eastern margin of North America adjacent to the Ap-
palachian belt (Sweet, 1979, 1984), the western margin of the
North China Block (An and Zheng, 1990), the Qinling Block
(Pei, 2000), and the perimeter of the Tarim Block (Jing, 2009;
Jing et al., 2012). However, the reasons controlling the evo-
lution of the conodont biogeographic region and the mixing
of elements from different types remain controversial (Sweet
and Bergstrom, 1972; Wang et al., 1996; Pei, 2000; Barnes,
2020).

The six conodont zones (C. proavus, C. lindstromi, I. fluc-
tivagus, C. angulatus, R. manitouensis, and C. quadraplica-
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tus) from the Stage 10 to the middle part of the Tremadocian
in the Chuzhou area belong to the North American Midconti-
nent Province (warm-water biota) (Lindstrom, 1971; Dong et
al., 1987). The three conodont zones (P. deltifer, P. proteus,
and T. bifidus) and the three assemblages (J. anhuiensis—P.
gradates, N. giganteus—P. parallelus, and D. viruensis—P. ro-
bustus) from the upper part of the Tremadocian to the Dar-
riwilian belong to the North Atlantic Province (cold-water
biota) (Table 2). This suggests that the transition of conodont
biota in the Chuzhou area occurred in the middle Tremado-
cian, slightly earlier than the start of the South China Block,
and contemporaneous with the Qinling Block, Tarim Block,
and North China Block (Table 2).

5.3 Causes and paleogeographic implications of the
conodont biogeographic region

Various theories have been proposed to explain the transi-
tions of the conodont biogeographic region and the emer-
gence of mixed species. Sweet and Bergstrom (1972) sug-
gested that the changes in water temperature related to
the latitudinal shifts controlled the formation of the con-
odont biogeographic region. The mixing of cold-water biota
and warm-water biota mainly occurred in the mid-latitudes,
sandwiched between the North American Midcontinent
Province type area and the North Atlantic Province type area.
An (1981) proposed that the flooding of seawater from trough
areas into the interior of blocks led to the transformation of
conodonts from the North Atlantic Province type conodonts
(deep water and cold water) to the North American Midcon-
tinent type (shallow water and warm water). Pei (2000) ar-
gued that the rapid movement of blocks drove the evolution
of the conodont biogeographic region. Wang et al. (2016)
suggested that the development of the Ordovician conodont
fauna was linked to depositional environments, with changes
in the water depth and temperature resulting in the transi-
tion of the conodont biogeographic region. Jing (2009) and
Jing et al. (2012) pointed out that the transition of conodont
biogeographic regions was related to a combination effect of
block movement and ocean currents. In this study, we con-
ducted a comprehensive analysis of block movement, sea
level change, current affairs, and climatic fluctuation to un-
derstand the transition of the conodont biogeographic region
in the Chuzhou area.

During the Early Ordovician, the South China Block was
situated at approximately 30° S and then shifted northward to
around the Equator by the Middle Ordovician (Fig. 8) (Cocks
and Torsvik, 2013). Generally, block movements from high
latitude to low latitude can increase the surrounding seawa-
ter’s temperature and promote the development of warm-
water biota. However, the transition of the conodont biogeo-
graphic region in the Chuzhou area shows an opposite trend
(Table 2), suggesting that block movements had limited in-
fluence on the change in the conodont biogeographic region
in the study area.
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Table 2. Comparison of the conodont biogeographic regions of the Chuzhou area with the North Atlantic Province (Lindstrom, 1971), North
American Midcontinent Province (Sweet, 1984), South China (Wang et al., 2019), Qinling (Pei, 2000), Tarim (Jing, 2009), and North China

(Wang et al., 2014).
kil Eo North North  American  South China Chuzhou Qinling Tarim North China
5‘3) & Atlantic Province (this study)
Province
Yangtze platform
P. serra Cahal'zagnathus P. serra P. serra P. serra F serra
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s Z P robustus
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Figure 8. (a) Early Ordovician (480 Ma) synthetic ocean surface circulation. (b) Middle Ordovician (460 Ma) synthetic ocean surface
circulation, modified from Pohl et al. (2016). (¢) Early Ordovician ocean current model of the South China Block. (d) Middle Ordovician
ocean current model of the South China Block, modified from Cocks and Torsvik (2013) and Dong et al. (2021). L is for Laurentia, B is for
Baltica, S is for Siberia, A is for Avalonia, AAC is for Arctic Alaska Chukotka, An is for Annamia, NC is for North China, SC is for South

China, and T is for Tarim.

The study area, located on the margin of the Yangtze
platform, has significant responses to sea level fluctuations
and biota changes (Luan et al., 2018, 2021). The Furon-
gian Stage 10 Cheshuitong Formation, consisting of thick-
bedded limestone and dolomitic limestone, suggests depo-
sition in a shallow-seawater environment. Conodonts pro-
duced in this formation were small with species character-
ized by simple cone mainly composited of the Cambrian ele-
ments that flourished in the Ordovician. The early Tremado-
cian Shangouchong Formation, composed of lime mudstone
and dolomitic limestone and deposited in a shallow-water
platform, produced an increasing number of conodonts be-
longing to warm-water fauna. The late Tremadocian Fenxi-
ang Formation mainly comprises peloid packstone with mi-
nor shale, indicating a slight deepening of seawater in the
study area. Conodonts in this formation are dominated by
warm-water fauna with minor cold-water fauna. From the
Floian to the Darriwilian, the Honghuayuan, Dawan, and Ku-
niutan formations predominantly consist of bioclastic lime-
stone, nodular limestone, calcarenite, and micritic limestone,
respectively. This suggests a rising sea level trend, resulting
in a gradual decrease in seawater temperature. Consequently,
elements of the cold-water type developed, and the conodont
biogeographic region gradually transformed into the North
Atlantic Province.

https://doi.org/10.5194/jm-43-283-2024

The evolution of Ordovician conodonts in the Lower
Yangtze region indicates that three diversity peak events oc-
curred in the late Tremadocian to early Floian (S. diffusus
zone), early Dapingian (B. triangularis and B. navis zone),
and middle to late Darriwilian (E. suecicus zone), respec-
tively, corresponding to three sea-level-rise episodes (Liu,
2006; Su, 2007; Wu and Wang, 2008; Wu et al., 2008; Wang
and Wu, 2009). Particularly, the first diversity event (Wang
and Wu, 2009; Wu et al., 2014) that happened during the late
Tremadocian to early Floian (S. divers zone) was the most
significant diversity peak of the Ordovician with correspond-
ing conodont zones of P. deltifer, P. proteus, and T. bifidus
and the J. Anhuiensis—P. gradates assemblage. These four
conodont zones (or assemblages) belonging to the North At-
lantic Province also appeared in the Jiangnan Slope type con-
odont biostratigraphy, indicating that seawater in the study
area became deeper during this period and more suitable for
developing cold-water fauna. This sea level change may have
influenced the transition of the conodont biogeographic re-
gion in the study area from the North American Midconti-
nent Province to the North Atlantic Province. Additionally,
the climate cooling event during the Early to Middle Ordovi-
cian (Trotter et al., 2008; Fang et al., 2019; Samuel et al.,
2021) may have promoted this transition.
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Furthermore, the Chuzhou area on the northeastern mar-
gin of the Lower Yangtze region connects the South China
Block, the North China Block, and the Qinling—Dabie
orogenic belt, facilitating seawater exchange among these
blocks and promoting biodiversity (Zhu et al., 1984). Other
paleontological communities in the Chuzhou area also ex-
hibit differences from the interior of the South China Block
during the Furongian—Middle Ordovician, apart from the
transition of the conodont biota (Lu, 1975; Luetal., 1976; Lu
and Zhu, 1980; Anhui Provincial Geological Survey, 1987).

Ocean surface circulation may play a vital role in the mi-
gration and evolution of conodonts, which can have differ-
ent effects on the regional environment. A clockwise sur-
face ocean circulation among the Tarim, South China, Qin-
ling, and North China blocks from the end of the Furon-
gian to the Early Ordovician was characterized by warm
currents (Pohl et al., 2016) (Fig. 8a, c¢). The warm current
increased the seawater temperature in the surrounding ar-
eas, marking it suitable for developing warm-water species
(Barnes and Fahrzus, 1975; Barnes, 2020). Conodonts in
these blocks were dominated by the North American Mid-
continent Province type. Since the Middle Ordovician, the
nature of ocean currents has changed from warm to cold
(Pohl et al., 2016) (Fig. 8b, d), decreasing the seawater tem-
perature and favoring the flourishing of cold-water fauna.
Conodonts in the South China, Tarim, and Qinling blocks
began to transform from the North American Midcontinent
Province to the North Atlantic Province.

Moreover, several crucial conodont elements with partic-
ular paleogeographic importance were also found in the Or-
dovician strata in the Chuzhou area. For example, the I. flucti-
vagus zone, defined as the lower boundary of the Ordovician,
was first reported from the Lower Yangtze Block, enriching
the global distribution of the conodont zone. Parapanderodus
lanceolatus was found in the lower part of the Shangouchong
Formation, previously reported from only from the Lower
Ordovician Qulitage Subgroup of the Tarim Block (Zhao
and Tan, 1999). This suggest that the Lower Yangtze re-
gion and Tarim Block were adjacent to each other during the
Early Ordovician, allowing for conodont migration through
oceanic currents (Fig. 8c). Thus, the study area served as an
important connection point between different blocks, poten-
tially recording global biota characteristics and paleoceano-
graphic characteristics, making it an ideal area to study the
co-evolution of Cambrian—Ordovician organisms and envi-
ronments.

6 Conclusions

The study identified 28 genera and 45 species of conodonts,
establishing nine conodont zones, including Cordylodus
proavus, Cordylodus lindstromi, lapetoganathus fluctiva-
gus, Cordylodus angulatus, Rossodus manitouensis, Colap-
toconus quadraplicatus, Paltodus deltifer, Paroistodus pro-
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teus, Triangulodus bifidus, and three assemblages, including
Juanognathus anhuiensis—Protopanderodus gradates, Na-
susgnathus giganteus—Paroistodus parallelus, and Dapsilo-
dus viruensis—Protopanderodus robustus.

The conodont biogeographic region in the Chuzhou area
from Stage 10 to the middle Tremadocian belongs to the
North American Midcontinent Province type, while from the
late Tremadocian to the Darriwilian, it belongs to the North
Atlantic Province type. This transition in conodont biogeog-
raphy may be related to the sea level changes and ocean cur-
rents associated with the paleogeography of the study area.

The discovery of the Ilapetognathus fluctivagus zone
and the element Parapanderodus lanceolatus in the Lower
Yangtze region enriches the global paleogeographic distribu-
tion of these species and suggests the existence of seawater
connections among different blocks.
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