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Abstract: Upper Triassic deposits formed at the onset of subsidence in the Sichuan

foreland Basin of South China, and may record a crisis of carbonate deposition related



to the Carnian Pluvial Episode. However, there is no consensus yet on the precise age
of these deposits in northwestern Sichuan. In this work, ammonoid biostratigraphy
has been improved, and a U/Pb age from detrital zircons has been obtained from the
Upper Triassic of northwestern Sichuan. New ammonoid taxa Sinotropites
sichuanensis n. gen., n. sp. and Hadrothisbites hanwangensis n. sp. are described from
the upper part of the Ma’antang Formation in Hanwang and Jushui area and are
assigned to the uppermost Tuvalian (Anatropites spinosus one, Gonionotites italicus
Subzone). Ammonoid and conodont biostratigraphy, ¢ »mb ned with U/Pb concordant
ages of 227.2 + 1.1 Ma (20) obtained from youn«est letrital zircons, provide a robust
constrain on the initial sedimentation phas:s of the foreland basin in northwestern
Sichuan, and suggest that the terrigr.no 1s virnover was not related to the Carnian
Pluvial Episode.

Keywords: Carnian Pluvial [‘p'sode; Ma’antang Formation; Carnian-Norian

Boundary; South China

1. Introduction

The Upper Triassic successions of the northwestern Sichuan Basin recorded the
onset of subsidence and the beginning of sedimentation in a foreland basin. At the
very base of the foreland basin succession, the Ma’antang Formation (Jin et al., 2015,
2018, 2019, 2020; Shi et al., 2019) displays a lithological change from basal oolitic-
bioclastic shoals to upper siliceous sponge mounds, then followed by dark grey shales

and silty mudstones (Wu, 1989). It has been suggested that carbonate sedimentation



was interrupted by environmental changes associated with a global climate crisis, the
“Carnian Pluvial Episode” or CPE (sensu Simms and Ruffell, 1989; Shi et al 2017,
Dal Corso et al., 2018). Despite the relevance of the Ma’antang Formation for the
depositional history of the basin and as a potential record of a major climate crisis, a
sharp controversy still remains on its age in the northwestern Sichuan. A rich
ammonoid association has been reported in the upper terrigenous facies by Wang
(1992), which included late Carnian taxa. Shi et al. (2017 aiso found ammonoids
from this unit, and assigned their specimens to the l:te C arnian Discotropitidae and
Juvavitidae families. Jin et al. (2019) reported o+.e w1 determined genus: Tropitidae n.
gen., n. sp., and a new species, Hadrothisorzs n. sp. Ammonoids, conodonts and
halobiid bivalves collected by Jin e a. (.219) suggest an age for the Ma’antang
Formation in the northwestern Sichuan that is close to the Carnian/Norian boundary,
while there is no evidence for the presence of lower Carnian strata. Since the
distribution of conodonts a.'d ainmonoids does not fully constrain the position of the
Carnian/Norian bour..-v, sin et al. (2019) proposed two potential positions for the
Carnian/Norian boun lary at Qingyangou section (HWQ) in Hanwang area, NW
Sichuan Basin. The new age model revised substantially the previous age
determinations (Zhang et al., 2015; Shi et al., 2017), and excludes that the demise of
sponges and the arrival of terrigenous deposits were related to the CPE. The
constraints to anchor the Carnian/Norian boundary at HWQ section are unfortunately
still loose, as a ca. 12 meter interval with no remarkable fossils is present. Moreover,

some ammonoid taxa, i.e., Tropitidae n. gen., n. sp. and Hadrothisbites n. sp. have not



yet been described. These uncertainties led Jiang et al. (2019) to re-examine the
conodont biostratigraphy of the HWQ section. According to these authors, most of the
lower Ma’antang Formation is dated to the early Carnian.

In this paper, we describe the new ammonoid taxa that were anticipated in Jin et
al. (2019). Furthermore, we use detrital zircons U/Pb geochronology to constrain the
position of the Carnian/Norian boundary at HWQ section, with an absolute age that is
fully independent from biostratigraphy. U-Pb ages of detr’.a: Z11cons are a statistically
robust measure for a maximum depositional age (Dickins>n and Gehrels, 2009) and
are used already to date deposits near the Carnicn/Norian boundary in the US
(summary in Lucas et al., 2012). With this wrk, we aim at closing definitively the
ongoing controversy on the timing of ca. bouate crisis in Hanwang area. To this goal,
we improved the existing ammo. 0id biostratigraphy by fully describing those new
ammonoid taxa that were still to »e formalized, and we used U/Pb geochronology to
constrain the Carnian/Nctian transition in South China, independently from

ammonoid and conodu..* biustratigraphies, which age significance is still debated.

2. Geological setting

During the Triassic, the Sichuan Basin was a portion of eastern Tethys and was
located at the northwestern margin of Yangtze Block (sub-block of the South China
Block, Fig. 1A). The basin developed from a Proterozoic-Middle Triassic marine
cratonic basin into a Late Triassic-Cenozoic foreland basin (Shi et al., 2019). It was

surrounded by the southeastern Jiangnan paleo-land, the northern Qinling-Daba paleo-



land and the southwestern Kangdian paleo-land. The western boundary of the Sichuan
Basin was rimmed by the Longmen Shan Thrust Belt (Fig. 1B). Further to the
northwest, it is bordered by the Songpan-Ganzi Fold Belt (Fig. 1B), which is
considered to be a remnant of the Late Triassic deep oceanic basin (Weislogel et al.,
2006). At the end of Middle Triassic, the collision between North China and South
China plates resulted in a flexural forebulge unconformity (Zhang et al., 1996; Li et
al., 2003, 2014), which brought about an extensive ero-i.~ oi the Middle Triassic
Tianjingshan Formation in most parts of Sichuan Ba in ¢nd probably prevented the
deposition of the lower Carnian, lower part of the o rerlain Ma’antang Formation in
Hanwang area (Jin et al., 2018, 2019). As a cc asequence of this tectonic activity, the
depositional style of the region switckca "o a Late Triassic foreland basin, the Sichuan
Basin, in which deposition contii..ved until Quaternary (Li et al., 2003). In the early
Carnian (Late Triassic), the Long nen Shan Thrust Belt was a partly submarine chain
connecting the western Sic. an and the Ganzi deep marine basins (Deng et al., 1982;
Wu, 1984, 1989). A L.nsgression opened a passage through this chain, then letting
waters from the Palec ‘ethys Ocean entering the western Sichuan Basin and forming a
semi-enclosed bay (Deng et al., 1982; Wu, 1984, 1989). The local sea level was rising
until the early Norian (Li et al., 2014). A Carnian carbonate ramp to basin was formed
in front of the Longmen Shan Thrust Belt (Wu, 2009; Li et al., 2014; Jin et al., 2018;
Shi et al., 2019). Humid paleo-climate conditions and the foreland basin development
accelerated terrigenous clastics input, subsequently triggering the submergence of

carbonate platforms in Sichuan Basin under sand and clay sediments (Jin et al., 2018).



3. Material and methods

3.1. Ammonoid preparation

The ammonoids described here were collected in the framework of a previous
study (Jin et al., 2019) from two localities (Fig. 1C). One is Qingyangou (HWQ)
section (31°27'46.85"N/104°09'35.40"E) and is located at 2 km NW of Hanwang
town, northwestern Sichuan Basin. The other is Jushui ..~ticn (JS) (31°30'30.6"N
/104°14'03.56"E), around 9 km apart from HWQ (F ¢. 1T and 2). Ammonoids are
well preserved, and some of them have been siinpi - described by Jin et al. (2019).
Fossils were extracted from rock matrix wiu needles and consolidated with vinyl
glue, then photographed after coatirg viu. white MgO powder, except when the
suture line was illustrated. All procedures were carried out at the Department of

Geosciences, Padova University.

3.2. U-Pb geochronology

One sample (") of ca. 2 kg was collected from the first fine-grained muddy
siltstone layer in the HWQ section (Fig. 2). The siltstone is mainly composed of
angular to subangular quartz, pyritized plant tissues, detritus and fine muds. They all
are cemented by calcite. The detailed sedimentological characters of the upper
terrigenous part have been described, in the nearby Guanyinya section (HWG), by Jin
et al. (2015). Detrital zircon grains were first isolated from the sample by combined

magnetic and conventional heavy liquid separation and then concentrated by



handpicking at the Langfang Sincerity Geological Service Co., Ltd (Hebei, China).
Two hundred and fifty randomly selected grains were mounted in epoxy resin, and
sectioned and polished approximately in half to expose the interior parts. Afterwards,
transmitted and reflected light images were taken using an optical microscope, and CL
images were collected using a JSM-IT100 electron microscope connected to a Gatan
MiniCL system at the Wuhan Sample Solution Analytical Technology Co., Ltd.,
Wuhan. The in-situ U-Pb dating of zircon grains was periv. med by a LA-ICP-MS at
the State Key Laboratory of Marine Geology, Tong i U iiversity, China. The laser
system was an Agilent 7900 quadrupole ICP-M s ccipled to a Resonetics M50 193
nm excimer laser ablation system. The anals ¢ al spot was 26 pm in diameter, and the
laser energy density was 4 J/cm 2w ot Juency of 6 Hz. Zircon standards 91500
(1065.4+ 0.3 Ma) and Plesovice \237.1 + 0.4 Ma) (Wiedenbeck et al., 1995; Slama et
al., 2008) were analyzed seaner tizlly with every 10 unknown samples. The data
reduction for measured iso. pic intensity consists of blank subtraction, isotopic ratio
calculation, normali=aon. by the primary zircon isotopic ratios (91500) and
instrumental drift ccrrection in a specific sequence. The data reduction, age
calculation and uncertainty propagation were performed using the software
ICPMSDataCal (Liu et al., 2010). Common Pb correction was conducted following
the method of Andersen (2002). The calibrated age data were reported at 1o level of
uncertainty and those for weighted mean ages are given at 2¢ level. The weighted
mean concordia ages of zircon 91500 (n=14) and PleSovice (n=14) are 1062.3 £+ 3.0

Ma and 339.6 + 1.4 Ma (20, standard error), respectively, which are consistent with



the published U-Pb ages (1062 Ma, 337 Ma) within the uncertainty (Wiedenbeck et

al., 1995; Slama et al., 2008).

4. Results

4.1. Ammonoids

The composition of the ammonoid fauna from Qingy-agou (HWQ) and Jushui
(JS) sections was given in Jin et al. (2019), where a _~lection of the ammonoid
collection was illustrated. Here, we focus on the tw. new taxa, Tropitidae n. gen., n.
sp. and Hadrothisbites n. sp., which could not be dc.~ribed in full so far. Tropitidae n.
gen., n. sp. is the most common ammonuvia . the Upper Triassic of Hanwang and
Jushui, while Hadrothisbites is a rarc ~enus, that was described so far only from the
Tuvalian of the Pardonet Forme:,on (f British Columbia (Tozer, 1994). We provide
systematic descriptions to fa-ilita.e the biostratigraphic correlation, in case these taxa

would be found elsewhere, .~ the paleontological appendix.

4.2. Zircon U/Pb agc~

U-Pb isotope analyses were conducted on 130 zircon grains from sample ZQ.
One hundred and eight grains yielded concordant ages. The remaining zircons gave
discordant ages (discordances >10%) and were excluded from future interpretation.
Some zircons gave discordant ages probably as a consequence of Pb-loss,
intermediate daughter product disequilibrium and/or mixing of zircon components

with different ages during analysis (Schoene, 2014; Reimink et al., 2016). A 10%



level is commonly used to separate the distributions of concordant and discordant data
(Spencer et al., 2016). All U-Pb data are presented in the online supplementary data.
Most of the zircons were 80 to 150 um long, with length/width ratios of 1.5 to 3.0,
and have rounded or subrounded morphologies (Fig. 3A). Some have fractured
margin. The older zircons are commonly characterized by no or unclear
cathodoluminescence, while the younger zircons generally show an oscillatory or fan-
shaped zoning (Fig. 3A). One hundred and eight analyses , 'ov on or near concordia
curve (Fig. 3B). Ages are distributed on a wide range fron 225.8 = 1.4 Ma to 2365.2
+ 15.1 Ma and are grouped into three major ace c.isters at ca. 225.8 - 461.6 Ma,
580.6 - 1169.1 Ma, 1407.4 - 1885.0 Ma. A ~a1 «or peak occurs at 2035.3 - 2365.2 Ma
(Fig. 3C). The twelve youngest zircra ;rain.s yielded concordant ages with a mean

age of 227.2 £ 1.1 Ma (26, n=1Z, Fig. 3D, E).

5. Discussion

The age of the Mia’antang Formation in Hanwang is a matter of debate. Among
others, Wu (1989), ZI ang et al. (2015), Shi Z-Q et al. (2017) and more recently Jiang
et al. (2019) considered the lower, mostly carbonate part of the Ma’antang Formation
in Hanwang to have a Julian age (early Carnian). Jin et al. (2018, 2019) instead found
evidence that the Tuvalian (upper Carnian) sediments alone was present in Hanwang,
the Julian substage being missing, either because of erosion or non-deposition. The
disagreement on the age of the Ma’antang Formation still persists, despite the

availability of an integrated stratigraphy, which includes upper Tuvalian conodont



assemblage consisting of Paragondolella noah, Carnepigondolella angulate,
Hayashiella tuvalica, Epigondolella miettoi, Carnepigondoella orchard (Jin et al.,
2018); a Julian conodont Mazzaella carnica range zone (Jiang et al., 2019); upper
Tuvalian ammonoids and Halobiid bivalves, Hadrothisbites n. sp., Gonionotites sp.,
Griesbachites sp., and Halobia cf. H. septentrionalis (Jin et al., 2019). Shi et al.
(2017) provided new discotropitid genus associated with a conodont species (Q.
polygnathiformis) with a long range through most of the Za.m1an. Chemostratigraphy
(Jin et al., 2018, 2019) and magnetostratigraphy (Zha g e: al., 2015) are also studied
in Ma’antang Formation.

A reliable age model for the Ma’antang r¢ rmation of Hanwang would be a major
contribution to understand the evoluti ,n Hf 1.2 Sichuan Basin, for which the timing of
the initial stages is still poorly cunstrained (see, e.g., Li et al., 2003). Furthermore,
reaching a consensus on the ace ¢ f tae Ma’antang Formation in Hanwang include the
Sichuan Basin among the .=gions providing useful information for the definition of
the Carnian/Norian Foonaary. The new U/Pb age from detrital zircons presented in

this work fits into this framework of open scientific questions.

5.1. Zircon U-Pb ages provide a consideration of the Carnian/Norian boundary

in Hanwang

So far, there are only a few U-Pb ages linked to solid biostratigraphy (e.g.,
conodonts and ammonoids) reported in the upper Carnian or lower Norian (Fig. 4).

Gehrels et al. (1987) reported an age of 225 + 3 Ma combined with conodonts from



the Norian of the SE Alaska. Furin et al. (2006) presented a “°Pb/>**U age of 230.91 +
0.33 Ma from an ash bed in the upper Carnian of southern Italy. This age
determination is so far the most precise with biostratigraphic control near the
Carnian/Norian boundary, and, based on conodont and palynomorph biostratigraphy,
has to be located in the Tuvalian 1 or 2 (Rigo et al., 2012). More recent studies by
Daikow et al. (2012) reported U-Pb ages of 223.8 + 0.74 and 224.47 + 0.29 Ma in the
middle to upper Norian deposits of British Columbia. Rar.c.ni et al. (2011) obtained
zircon ages of ~ 207.79 + 0.15 to 225.185 £ 0.079 _1a 1y isotope dilution thermal
ionization mass spectrometry (ID-TIMS) from t ffac 2ous rocks collected at the base
and top of the Chinle Formation, respectiver, which is thought to span nearly the
entire Norian Stage (see also Kent et ~.1., 2012, 2019). Kent et al. (2017) and Maron et
al. (2019) gave an age of 227 Ma for the Carnian/Norian boundary basing on
magnetostratigraphic correlations of biostratigraphically constrained marine sections
of western Tethys with the ~strochronological time scale of the Newark Basin. In ZQ
sample, the twelve voungust zircon grains have discordances <10% and their mean
age is centered at 22 °.2 + 1.1 Ma (20) (Fig. 3D, E). Dickinson and Gehrels (2009)
highlighted that a weighted mean age of the youngest population of zircons (n >3)
that overlap in age at 2o can be a statistically robust measure for a maximum
depositional age. This approach has been widely used to pinpoint a single age in
several cases (e.g., Ramezani et al., 2011; Langer et al., 2018). We thus propose that
the ZQ bed of the HWQ section, at the base of the upper terrigenous part of

Ma’antang Formation, is 227.2 £ 1.1 Ma old, or younger. This age is close to the



Carnian/Norian boundary according to Maron et al. (2019), and it is younger than, and
does not overlap with, the Tuvalian age of Furin et al. (2006). This implies that the
onset of terrigenous deposition and the drowning of sponge reefs in Hanwang are
Tuvalian or younger, and most probably close to the base of the Norian, and cannot be
related to the onset of the CPE. This U/Pb datation is consistent with the
biostratigraphy of Jin et al. (2019). Also, it implies that Julian deposits are not yet
documented in the Sichuan Basin of Hanwang. Julian icposits are instead known
from other parts of the Sichuan Basin, e.g., at Shiyan rillage (Ma’antang section

reported in Wang, 1992; Shi Z-Q et al., 2019).

5.2. Tropitidae in the Sichuan Basin and ti * cloice of a Norian GSSP

The Global Boundary Secticn and r vint (GSSP) for the base of the Norian is not
yet established. A vivid discussivn on its placement is ongoing within the
Subcommission on Triassiz S.-atigraphy, and two candidate localities emerged as
most likely sections for u.» "Norian GSSP (e.g., Balini et al., 2015): Pizzo Mondello in
Sicily, Italy (e.g., N:~ora et al., 2007; Balini et al., 2012) and Black Bear Ridge in
Canada (Orchard, 2007). The Sichuan Basin was much afar from both of these
localities in the Triassic. It lacks some of the characteristics that would be required to
be considered as a GSSP (Salvador, 1994): the succession begins with an
uncomformity between the Middle and Upper Triassic, and minor uncomformities
may occur within the Upper Triassic as well; the fossil content is not as abundant as in

other localities, and, for what the ammonoids are concerned, the most common taxon



(Sinotropites sichuanensis) was found so far only in the Sichuan Basin. Nevertheless,
there is little documentation of the Carnian/Norian boundary in South China, and this
makes the record of the Sichuan Basin an important reference for paleogeographic
studies and global correlations within this time interval (Jin et al., 2019).

The current discussion on the Norian GSSP is also about the main stratigraphic
marker which should be used to best approximate the GSSP. McRoberts and Krystyn
(2011) proposed the first appearance of the bivalve Hc.uia austriaca as primary
marker for the base of the Norian stage, while Nico1» et al. (2007), Orchard (2007)
and Mazza et al. (2018) proposed instead the first appearance of conodont
Metapolygnatus parvus. Other conodont 'iccvents were put forward as primary
markers, albeit less formally than the r:.t ovzurrence of M. parvus. All bioevents are
being considered because they occur in between “Carnian” ammonoid faunas
(Anatropites sp., or the ammoncid associations of the macrolobatus Vs spinosus
ammonoid biozones) and “ Morian” ammonoids belonging to genera Guembelites and
Dimorphites (see discu."10us in, e.g., Balini et al., 2012; Mazza et al., 2018; Orchard,
2019). This is a natur. ] consequence of the historical use of ammonoids to define the
Triassic stages (e.g., Tozer, 1994). Since the definition of a GSSP should also “take
account of historical priority and usage and should approximate traditional
boundaries” (Salomon, 1994), in Triassic stratigraphy the reference to ammonoid
biostratigraphy is unavoidable.

Overall, the bio-horizons presently considered as potential markers for the base

of the Norian occur in an interval of less than 20 m at Pizzo Mondello, which is



centered about the PM4r reverse polarity interval. This reverse polarity interval may
be correlated either to the HQ2r, or the HQ4r intervals in HWQ section
(corresponding to options A and B in Jin et al., 2019; the nomenclature of magnetic
intervals is derived from Muttoni et al., 2004, and Zhang et al., 2015).

The ammonoid record of the Sichuan Basin raises questions about the
distribution of Tropitidae. The family Tropitidae includes ammonoids with an
ammonitic suture line and often with distinctive morphui~gies. Tropites, the type
genus of the family, has a cadicone shell with deep un bilic us and a prominent ventral
keel bounded by two ventral furrows; the kee ed nd often bisulcate venter is a
common feature of many Tropitidae, and m7«es many of the ammonoids belonging to
this family easy to identify. The fami'y ."rsv appears at the Julian/Tuvalian boundary,
and becomes essentially extinct b« fore the Norian, thus, it is typical and diagnostic of
the upper Carnian (Tuvalian). The ov.currence of Tropitidae was one reason why Jin et
al. (2019) attributed part o1 *he upper Ma’antang Formation, mostly terrigenous, to the
Tuvalian. The age ¢l “eus that yielded Sinotropites sichuanensis in Hanwang is
however very close to or even overlapping with, the interval within which the Norian
GSSP may be located, and Sinotropites sichuanensis is a new species, which
stratigraphic distribution is still unknown and has to be inferred from independent
data (i.e., distribution of co-occurring fossils, magnetostratigraphic correlations and
radiometric datations). Given the uncertainties in correlation (Jin et al., 2019) and the
error margins of the U/Pb ages of detrital zircons, it cannot be excluded that some

specimens of Sinotropites sichuanensis may have been collected from beds that would



be eventually placed in the lower Norian. We suggest that in the (hopefully) imminent
choice of a GSSP for the Norian stage, some care will be taken in trying to set the
boundary above the last occurrence of Sinotropites sichuanensis in the Sichuan Basin,
in order to maintain the traditional and commonly used concept that all Tropitidae are
Carnian. This would require the ambiguity of the magnetostratigraphic correlations
(options A or B in Jin et al.,, 2019) to be resolved, e.g., by denser sampling for
ammonoids and/or additional analyses of detrital zircons . the HWQ section, where

magnetostratigraphy is available.

6. Conclusions

Two new ammonoids, Sinotrop’.es sicnuanensis and Hadrothisbites jushuiensis
are described in this paper, and w.+e found near the Carnian/Norian boundary of the
northwestern Sichuan Basin, Yangz: Block. In the process of defining a GSSP for the
Norian, beds of the Sichna.. Basin with Sinotropites sichuanensis may be eventually
end up to be Norian, an!' tnis would mean that Tropitidae would be the most common
ammonoids in the Noian in the NW Sichuan Basin, differently from anywhere else. A
fine grained terrigenous bed at the base of the upper (terrigenous) Ma’antang
Formation of Qingyangou yielded abundant zircons. The youngest zircons of this bed
yielded concordant ages of 227.2 + 1.1 Ma, that is, coincident within error margins to
the age of the proposed position of the Norian GSSP at Pizzo Mondello, southern
Italy. This is the first absolute age associated with solid biostratigraphy that

constraints the Carnian/Norian boundary in South China, and a first absolute age



estimation of the beginning of sedimentation in the Sichuan foreland Basin. With
zircons as young as 227.2 + 1.1 Ma occurring at the base of the upper terrigenous part
of the Ma’antang Formation near Hanwang, it can be excluded that the terrigenous
input in this part of the basin was related to the Carnian Pluvial Episode. It implies
that lower Carnian sediments cannot be proved yet to have occurred in the
northwestern Sichuan Basin, while they were known already for a more eastern sector

of the Sichuan Basin, at Ma’antang.
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Figure captions

Fig. 1. A) General position of the NW Sichuan Basin during the Late Triassic period
(simplified from Golonka, 2007). S. China: South China Block; N. China: North
China Block. B) Geological and tectonic map of the Sichuan Basin and its link to
adjacent areas (simplified from Li et al., 2003); C) Geological map showing the
locations of Qingyangou (HWQ) and Jushui (JS) sections (simplified from Wu, 1989).
The topographic map of the Hanwang and Jushui towns on the top left corner are

taken from Google Earth. J: Jurassic; P: Permian; Ti: Lower Triassic; T,: Middle



Triassic; Tsm: Ma’antang Formation (Upper Triassic); Tsx: Xujiahe Formation (Upper
Triassic); Q: Quaternary.

Fig. 2. The lithology, zircon sampling position and biostratigraphic correlation of
Qingyangou (HWQ) section and Jushui (JS) section. The ammonoids, conodonts,
bivalves and palynological assemblage zones are from previous studies (Jin et al.,
2018, 2019). The ammonoids Discotropitid n. sp. and Juvavitid? are from the JS
section based on the studies of Shi Z-Q et al.(2017). The .i.c~ emmonoid names (this
study), Sinotropites sichuanensis n. sp. and Hadrothi. bite : jushuiensis sp.n., refer to
the old ammonoid names, Tropitid n. gen. n. sp. .ind Tadrothisbites. n. sp., illustrated
in Jin et al. (2019), respectively. Pa: palyncmrohs, Bi: bivalves, Conos: conodonts,
“W” = wackestone, “P/G” = pargsine grainstone, “F” = floatstone, “B” =
boundstone. DKC: Dictyophyl.ites-Kyrtomisporis-Canalizonospora assemblage.
“Tjs” = Tianjingshan Fomation. ‘eters besides ammonoids (A-H) are fossiliferous
horizons used in the text.

Fig. 3. A). Represent...ve cathodoluminescence (CL) images of detrital zircons from
the northwestern Sic,uan Basin. The young zircons mainly showing prismatic or
euhedral morphology. The analytical spots marked as red circles. B).Concordia plots
for zircons grains from sample ZQ. C). Probability density distribution curves of
detrital zircon ages of sample ZQ in the Qingyangou (HWQ) section. D). Concordia
plots of youngest zircons of sample ZQ. E). The weighted mean age of the youngest
zircons (n=12).

Fig. 4. Reported U-Pb ages which are comparable with biostratigraphy across the



Carnian/Norian boundary. The ages for the top of Norian (~209.5 Ma) and base of the
Carnian (~237.0 Ma) based on the “Short-Tuvalian” option of Ogg et al. (2014). The
age of the Carnian/Norian boundary (dashed line) was anchored at ~227.0 Ma based
on Kent et al. (2017). The geological time scale of Julian-Tuvalian followed Bernardi
et al. (2018) and of Lacian to Sevatian followed Rigo et al. (2018). SE Alaska (225 +
3 Ma, Gehrels et al., 1987), Southern Italy (230.91 + 0.33 Ma, Furin et al., 2006),
Southern British Columbia (223.8 + 0.74 Ma and 224.47 . 0.29 Ma, Daikow et al.,
2012). NW Sichuan Basin (227.2 £ 1.1 Ma, this study;,

Fig. A. 1. Type species. Sinotropites sichuaner is 1. sp. (Jin et al., 2019) from the
HWQ and JS sections. A/B) specimen MGr- "D 31989, internal mold with parts of
the shell preserved, position G of t'.e 'S .zction (Fig. 2). C) specimen MGP-PD
31978, internal mold, position B ¢“the HWQ section.

Fig. A. 2. Type species. Sinotroyit.s sichuanensis n. sp. (Jin et al., 2019) from the
HWQ section. A) specime.. MGP-PD 31970, external mold, position A. B) specimen
MGP-PD 31976, intc...n1 wnold, position A. C) specimen MGP-PD 31981, external
and internal mold, po. ition C. D) specimen MGP-PD 31973, internal mold with parts
of the shell, position B. E) specimen MGP-PD 31977, internal mold, position B. F)
specimen MGP-PD 31971, internal mold, position A. G) specimen MGP-PD 31982,
external mold with parts of the shell, position D. H) specimen MGP-PD 31975,
internal mold, position B. I) specimen MGP-PD 31975, external mold, position B. J)
specimen MGP-PD 31974, internal mold, position B.

Fig. A. 3. Type species. Sinotropites sichuanensis n. sp. (Jin et al., 2019) from the JS



section. A) specimen MGP-PD 31987, internal mold, position G. B) specimen MGP-
PD 31984, internal mold, position F. C) specimen MGP-PD 31992, internal mold,
position H. D) specimen MGP-PD 31991, with shell preserved, position H. E)
specimen MGP-PD 31985, external and internal mold, position G. F) specimen MGP-
PD 31990, internal mold with parts of shell, position H. G) specimen MGP-PD
31983, internal mold, position F. H) specimen MGP-PD 31986, internal mold with
parts of shell, position G. I) specimen MGP-PD 31993, i..~rnal mold with parts of
shell, position H.

Fig. A. 4. Hadrothisbites jushuiensis sp.n. (Jin et al., 2019) from the JS section. MGP-

PD 31988, internal and external mold, and p 11, of shell, position G of the JS section

(Fig. 2).

Appendix. Systematic descriptio: <

Order Ceratitida Hyatt, 1884
su,erramily Tropitoidea Mojsisovics, 1875
Family Tropitidae Mojsisovics, 1875
Sinotropites gen. n.

Derivio nominis: With reference to the occurrence from China.

Type species: Sinotropites sichuanensis n. sp. (for monotype), Fig. A.1/A, B, C.
Diagnosis: Tropitidae characterized by keel without ventral sulci and subrectangular
to subovoidal whorl section. The flank bears ribs without nodes.

Description: The type species presents involute and compressed shell, with the



coiling that increases in height during growth. The phragmocone shows a
subrectangular whorl section at first that becomes subovoidal later on. The umbilical
area shows a slightly angular rim and a steep umbilical wall. The venter is
characterized by a distinct rounded keel in all ontogenetic stages, without ventral
sulci.
Remarks: The new genus Sinotropites shows morphological similarities with
Discotropites Hyatt & Smith, 1905. Nevertheless, the la*«c. geaus chiefly differs by
having ventral sulci bordering the ventral keel, trigona whrl section during ontogeny
and ribs quite broader respect the interspaces.
Occurrence and age: At present, the new g.nus has been found in the uppermost
Carnian (uppermost Tuvalian: Ana royites spinosus Zone, Gonionotites italicus
Subzone) of the Ma’antang For. ation cropping out in the Qingyangou and Jushui
sections (Sichuan region, China).
Sinowropites sichuanensis sp. 1.
(Fig. A.1/A,B,C; Fie. AZ/A,B,C,D,E, F,G, H, I, J; Fig. A3/A,B,C,D, E, F, G,
H, 1)
Derivatio nominis: From Sichuan region (China).
Stratum typicus and locus typicus. Position B of the Qingyangou section (Fig. 2).
Type series: Holotype MGP-PD 31973 (D), Fig. A.2; Paratypes MGP-PD 31977 (E),
Fig. A.2; MGP-PD 31984 (E), Fig. A.3; MGP-PD 31985 (H), Fig. A.3; MGP-PD
31991 (D), Fig. A.3.

Material: HWQ section A (MGP-PD 31970), F (MGP-PD 31971), D (MGP-PD



31973), J (MGP-PD 31974), H/I (MGP-PD 31975), B (MGP-PD 31976), E (MGP-PD
31977), C (MGP-PD 31981), J] (MGP-PD 31982). All are illustrated in Fig. A.2. C
(MGP-PD 31978), Fig. A.1. JS section G (MGP-PD 31983), B (MGP-PD 31984), E
(MGP-PD 31985), H (MGP.PD 31986), A (MGP-PD 31987), F (MGP-PD 31990), D
(MGP-PD 31991), C (MGP-PD 31992), I (MGP.PD 31993). All are illustrated in Fig.
A.3. A/B (MGP-PD 31989), Fig. A.1.

Diagnosis: Sinotropites characterized by thin sigmoid ri’»s ~howing swellings at the
ventrolateral margin that fade during ontogenesis. In (arly growth stages, the ribs are
sharply rounded in section, less wide respect the ‘nterspaces, even if the test is
preserved.

Description: Involute and compresse . sel, with the coiling that increases in height
during growth. The phragmoconc shows a subrectangular whorl section at first then
subovoidal later on. The umbuical area shows a slightly angular rim and a steep
umbilical wall. The ven.r is characterized by a distinct rounded keel in all
ontogenetic stages, v...hout ventral sulci. At first, the ornamentation of the flank
consists by sigmoia ribs, sharply rounded in section, less broad respect the
interspaces, even if the shell is provided with test. During growth the ribs are
markedly projected and as broad as the interspaces if the test is preserved. Along the
flank primary, simple ribs generally occur. Infrequent ribs joined in pairs at the
umbilical rim are present. In early growth stages the ribs are slightly broader towards
the outer part of the flank where appear as elongated swellings. No nodes are present.

At small whorl height (about 4 mm) the suture line suggests an ammonitic outline



characterized by three tapered saddles with the first lateral lobe broad and deeply
indented. Crenulations can be observed on the first and second lateral saddles (Fig. A.
1). It must be pointed out that the suture lines are taken at a small diameter, and they
may be far to be fully developed, so that the ammonitic outline could become even
more obvious during ontogeny.
Dimensions (mm).

DHhhUW w H/D U/D SGP.
Fig. A.2/B, D (holotype) 125.63.92.54.8x0.46020<3.6
Fig. A.2/E (paratype 1) 6.55.3
Fig. A.3/E (paratype 2) 5.5
Fig. A.3/H (paratype 3) 13.46.14.5°0-50.2241.9
Fig. A.3/I (paratype 4) 125.3.92.50.46 0.20 43.6
Remarks: For its morphological ‘ertures the new species is not comparable with any
other taxon so far describeu
Occurrence and agr. At present, the new species has been found in the uppermost
Carnian (uppermost 1 wvalian: Anatropites spinosus Zone, Gonionotites italicus
Subzone) of the Ma’antang Formation cropping out in the Qingyangou and Jushui
sections (Sichuan region, China). In Position A of the Qingyangou section,
Sinotropites sichuanensis sp. n. occurs along with Gonionotites sp.. Gonionotites is a
Carnian genus, which distribution continue into the lower Norian (e.g., Tozer, 1994;
Balini et al., 2012, 2015). Conodonts of the Qingyangou section are late Carnian, and

occur only 2-3 m below the ammonoids. Magnetostratigraphy is available for the



Qingyangou section (Zhang et al., 2015). Sample Position A, which yielded
Gonionotites sp. and Sinotropites sichuanensis sp. n., corresponds to a reverse polarity
interval that may be correlated either to Carnian beds or to the interval of uncertain
age in the Tethyan Pizzo Mondello section, which is being considered as a candidate
for the Norian GSSP (e.g., Balini et al., 2015). For these reasons, Sinotropites
sichuanensis sp. n. is here considered a Carnian species. This age attribution may
change, as better correlations with the Tethyan Triassic be_u.ne available and a formal
definition of the Norian stage is being achieved. Tro vitid e did not survive into the
Norian, and this so far holds also for Sinotropites sicn tanensis sp. n.

Family Thisbitidue 3path, 1951

Hadrothis/ ite. ju. huiensis sp.n.

(Fig. A4)

Derivatio nominis: With refer nce to the occurrence from the Jushui section
(Sichuan region, China), w. =re the new taxon was found.
Stratum typicus and Joe *s vypicus. Position G of the Jushui section.
Type series: Holotyp. MGP-PD 31988, see Fig. A 4.
Material: Only the holotype.
Diagnosis: Thisbitid characterized by thin, numerous, randomly arranged ribs in the
inner whorls but with smooth body chamber.
Description: The unique specimen at disposal shows a crushed but not deformed
shell partially included in the matrix. Despite that, the morphological features are so

unique to avoid any confusion with previous taxa.



The shell shows a slight increasing in height of the whorl which is
subrectangular in section. The last whorl slightly embraces the previous one. The
venter is flat and marked by a median keel. The phragmocone is characterized by
quite thin, numerous, fairly sigmoid ribs. On the flank primary, periumbilical
bifurcated and intercalatory ribs are randomly alternated. In the body chamber or just
before this ribs framework disappear. Only indistinct ribs occur in the outer third of
the flank in the adapical part of the body chamber. As for ‘uc nodes, they are rounded,
regularly spaced and present only in the external marg n.

In the inner part of the shell, which is visitle 1. crushed parts, a portion of the
suture line is inferred, showing a ceratitic cuv.ne in which a first broad entire lateral
saddle is visible.

Dimensions (mm).

DHh'JWwH/DU/D SGR
Fig. A.4 (holotype) 16,5 6,74,45,20,41 0,32 52,3
Remark: Hadrothisk...~ was originally defined as a monospecic genus, characterized
by a finely ornamente 1 shell in which the body chamber shows thin, regularly looped
ribs and external nodes of variable strength (Tozer, 1994). The new species exhibits a
smooth body chamber bordered, in the ventrolateral margin, by a row of rounded
regularly spaced nodes. Albeit somehow different from the original description, we
find the quoted species similar enough to attribute it to the genus Hadrothisbites. The
resemblances of the phragmocone ribs framework, the sharp carinate venter, the

inferred whorl section outline and the evolution degree of the shell are in fact



consistent. For the morphological differences of the body chamber, Hadrothisbites
Jjushuiensis sp.n. cannot be confused with Hadrothisbites taylori Tozer, 1994, type
species of the genus.

Occurrence and Age. At present, the new species has been found in the uppermost
Carnian (uppermost Tuvalian: Anatropites spinosus Zone, Gonionotites italicus
Subzone) of the Ma’antang Formation cropping out in the Jushui section (Sichuan

region, China), coexisting in the same bed with Sinotropit > .icnuanensis gen.n., sp.n.
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Highlights:

1. We report a U/FL age of 227.2 + 1.1 Ma associated with ammonoids in South
China.

2. Sinotropites sichuanensis and Hadrothisbites jushuiensis are described in Sichuan.

3. The terrigenous turnover in Hanwang and Jushui area is not related to the CPE.
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