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Carbon isotope compositions of carbonates (δ13Ccarb) document a new 3.5‰ CIE toward lower values concomi-
tant with an Emeishan Large Igneous Province (ELIP)-related drowning event (Mapojiao Event, southern Gui-
zhou) during the early Wuchiapingian. Organic carbon isotope data (δ13Corg) have a 2‰ shift toward higher
values across the drowning event, showing decoupling with the δ13Ccarb evolution. Rock-Eval and palynofacies
analyses suggest an elevated flux of terrestrial organic matter (OM) during the drowning episode. Therefore,
the decoupling between δ13Ccarb and δ13Corg is best explained by the mixing of different organic carbon pools
in the δ13Corg curve. Strontium isotope data (87Sr/86Sr) also show a transient shift from 0.70715 to 0.70694 asso-
ciatedwith this earlyWuchiapingian carbon isotope excursion (CIE), which is superimposed on the late Permian
prolonged global rising trend. This short-lived 87Sr/86Sr excursion is best interpreted as an enhanced hydrother-
mal flux related to a short pulse of ELIP-related volcanism.
Comparison of the Mapojiao Event with other C isotope records from South China and other parts of Tethys re-
veals substantial discrepancies. Moreover, older Capitanian CIEs concomitant with ELIP-related drownings are
also not laterally reproducible in time. The local distribution of CIEs across Guadalupian-Lopingian (G-L) interval
indicates the influence of local factors such as bathymetry and increased burial rate of terrestrial OM, rather than
perturbations in the global carbon cycle to due volcanism. This prevents the C isotope record to be used as a global
correlation tool during Capitanian and Wuchiapingian times. Comparison of palaeobiodiversity changes with
perturbations in C isotope compositions across the G-L interval shows that only the oldest CIE was associated
with amodest extinction event as documented in South China. Hence, this study undermines any systematic cou-
pling and causal relation between extinctions and iterative perturbations of the C isotope record during the G-L
interval.

© 2018 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The end-Guadalupian represents a distinct extinction event preced-
ing the Permian-Triassic mass extinction (Stanley and Yang, 1994; Jin
et al., 1994). The end-Guadalupian extinction is recorded in bothmarine
and terrestrial realms, and had a profound effect on fusulinids and cal-
careous algae, but also affected corals, bryozoans, brachiopods, bivalves,
ammonoids, and ostracods (Bond et al., 2010a and references therein;
Zazzali et al., 2015). However, a more recent study revealed that there
was no associated terrestrial extinction (Rubidge et al., 2013). Accord-
ing to Bond et al. (2010a, 2010b), this “mass” extinction occurred in a
short time interval during the mid-Capitanian and coincided with the
gherpour).

na Research. Published by Elsevier B.
onset of the Emeishan Large Igneous Province (ELIP). This is in marked
contrast with Clapham et al. (2009), Shen and Shi (2009), and Groves
and Wang (2013), who argued that this extinction represents a
prolonged and gradual decline of diversity from the Wordian to the
end of the Permian without any extinction peak. Although the ultimate
trigger for the end-Guadalupian extinction is still unclear, its close tem-
poral association with the ELIP volcanism led several authors to suggest
a cause-effect relationship between these two phenomena (e.g., Wang
and Sugiyama, 2000; Ali et al., 2002; Zhou et al., 2002; Lai et al., 2008;
Wignall et al., 2009; Li et al., 2016). However, the Wordian to end-
Permian gradual decline of diversity “precludes the need to invoke dras-
tic extinction mechanisms” (Clapham et al., 2009).

The Guadalupian-Lopingian (G-L) boundary in South China coin-
cideswith formational boundary between theMaokou andWuchiaping
formations or the Kufeng and Lungtan formations. It is associated with
V. All rights reserved.
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several environmental changes including a sedimentary facies change
(e.g., Sun et al., 2010; Saitoh et al., 2013a), carbon cycle perturbations
(e.g. Bond et al., 2010b; Yan et al., 2013), and a temperature rise
(Chen et al., 2011).

The top of Maokou Fm. is marked by drowning events associated
with ELIP volcanism (drowning events 1 and possibly 2 in Fig. 1) due
to pre-eruption subsidence (Ukstins Peate and Bryan, 2008; Sun et al.,
2010; Jerram et al., 2016). Recently, Bagherpour et al. (2017; in
review) showed that the same type of drowning in associationwith vol-
canic activity occurred again during the early Wuchiapingian time
(Mapojiao Event, drowning events 3 in Fig. 1) in the Pingtang syncline
in Southern Guizhou Province (Fig. 2). Similar sedimentary architecture
of Capitanian drowning events (particularly drowning event 1 in Fig. 1)
and of the Mapojiao Event supports a common underlying driving
mechanism related to episodic pulses of the ELIP activity (Fig. 1). In ad-
dition to bathymetric change, several studies also recognized pro-
nounced Carbon Isotope Excursions (CIEs) in the South China record
during the Capitanian or at the G-L boundary. ELIP volcanism has been
often designated as the most plausible cause for these CIEs toward
lower values (Wignall et al., 2009; Bond et al., 2010b; Chen et al.,
2011; Wei et al., 2012). However, alternative mechanisms such as up-
welling of oxygen depleted waters (Saitoh et al., 2013b) and diagenetic
alteration (Jost et al., 2014) have also been considered. Unlike the end-
Permian mass extinction, which is accompanied by a synchronous and
worldwide CIE toward lower values (e.g. Korte and Kozur, 2010), C iso-
tope excursions spanning the G-L interval occurred at different times as
indicated bybiostratigraphic age controls (Saitoh et al., 2013b; Jost et al.,
2014; Shen et al., 2013). Moreover, these CIEs are associated with
drowning events. This calls into question the significance of released
light C associated with Emeishan volcanism as the main driver of CIEs
during the G-L interval.

Most studies focused on the Capitanian and only limited data were
available for the Wuchiapingian. In order to assess any extension of
ELIP volcanism in time and related paleoenvironmental consequences
in post-Capitanian times, this study includes new data from high-
resolution coupled carbon (carbonate and organic) and strontium iso-
tope records of the Mapojiao Event (Bagherpour et al., 2017; in
review) (Mapojiao section, Figs. 2, 3). Rock-Eval and palynofacies anal-
yses are used to establish the relative proportions of terrestrial and ma-
rine organic matter and contribute to a sound interpretation of the C
isotope record.
Fig. 1. Conodont zonation of the Capitanian and Wuchiapingian (Mei et al., 1998; Shen
et al., 2010), as well as biostratigraphic position of the drowning and volcanic events
(Bagherpour et al., 2017; in review).
2. Geological setting and studied sections

2.1. Overview

During the Late Permian, the South China Blockwas located near the
equator in the eastern margin of the Paleotethys (Fig. 2a) (Enkin et al.,
1992). The Middle to Late Permian transition in South China is associ-
ated with the emplacement of ELIP, which covers an area of at least
0.3 × 106 km2 distributed across South China (Guizhou, Yunnan, and Si-
chuan provinces) and northern Vietnam (Songpan-Ganzi terrane) (Ali
et al., 2002; Shellnutt, 2014). With an estimated volume ranging from
~0.3 × 106 km3 to ~0.6 × 106 km3, the ELIP represents a modest-sized
LIP with respect to most others, such as Siberian Traps (Shellnutt,
2014). Shortly before ELIP eruption, SW China was partially covered
with epeiric seas (Jerram et al., 2016). In Yunnan and western Guizhou,
the Guadalupian shallow-marine limestone Maokou Fm. ended with
the deposition of ELIP volcanic rocks, which are thinning eastward. In
eastern Guizhou, the volcanic flows of ELIP are absent but their ero-
sional products (e.g., Wangpo Shale) are intercalated between the
Maokou and Wuchiaping formations. Based on differential pre-
volcanism erosion, He et al. (2003) recognized three concentric zones
around the ELIP (Fig. 2b). In the “inner zone” (W. Yunnan and S. Si-
chuan), the top of Maokou Fm. is strongly eroded due to a pre-
eruption uplift. The thickness of Maokou Fm. progressively increases
in the surrounding “intermediate zone” (E. Yunnan and N. Sichuan),
where lesser amount of uplift and erosion occurred. Beyond this inter-
mediate zone is the “outer zone”, which is characterized by even less
erosion as suggested by the maximal thickness Maokou Fm. According
to He et al. (2003), fusulinids-based biostratigraphic ages at the top of
the Maokou Fm. also show a younging trend toward the “outer zone”,
thus supporting the uplift model. However, hydromagmatic deposits
of the initial phase of ELIP indicate submarine volcanism, which appar-
ently contradicts the pre-eruption uplift model (Ukstins Peate and
Bryan, 2008). Moreover, conodont biostratigraphy does not confirm
any younging trend of the upper boundary of the Maokou Fm. and the
previous diachronous ages have been argued to result from a low reso-
lution of fusulinid biostratigraphy and/or a strong influence of facies
control (Sun et al., 2010).

The studied area is located in Pingtang County (S. Guizhou) in the
outer zone of the ELIP. A Carboniferous to Middle Triassic succession is
exposed in both limbs of the 50 km long NE-SW Pingtang syncline
(Fig. 2b, c). TheMiddle and Late Permian succession in the Pingtang syn-
cline includes the Guadalupian Maokou Fm. and the Lopingian,
Wuchiaping and Talung formations. The Mapojiao Event consistently
occurs in the lower part of the Wuchiaping Fm. as documented at the
Mapojiao, Layin and Guantan sections. The Mapojiao section (25°49′
21.8″N; 107°21′16.3″E) is well exposed along a fresh road-cut in the
eastern limb of the Pingtang syncline (Figs. 2c, 3) and is used here as a
reference section. In order to obtain additional geochemical data from
the lowermost part of the section, an additional section named
Mapojiao B was also investigated. It is located 800 m SW of the main
section in an intermittently exploited quarry.

2.2. Lithological subdivision, facies, and depositional setting

The studied interval at Mapojiao is subdivided into four
lithostratigraphic units (Units A–D) (Figs. 3a, b, 4). The lower 35 m of
the section (Unit A) is composed of light-grey massive limestone
(Fig. 3a) yielding an abundant and diversified shallow-marine benthic
fauna including calcareous sponges, bryozoans, Tubiphytes, brachiopods
and crinoids. One ash layer is intercalated in the basal part of this unit.
Additionally, two ash layers were also found from the lateral equivalent
of Unit A at Mapojiao B. The carbonate content in Unit A is high (˃88%)
and remains constant throughout the unit (Fig. 4). The overlying
31 m-thick Unit B is further subdivided into two subunits (B1 and B2).
Subunit B1 is characterized by medium-bedded, dark-grey limestone



Fig. 2. Location of the study site. a, Paleogeographic map of the late Permian (modified from PALEOMAP Project; www.scotese.com) b, distribution of the G-L interval sectionswith carbon
isotope records in concentric inner, intermediate and outer zones around thehypothetical core of the surficial uplift (modified fromHeet al., 2003; Zhao et al., 2016). c, Geologicmapof the
Pingtang syncline and location of the studied sections in S. Guizhou.
(Modified from Guizhou Bureau, 1987)
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containing abundant disseminated pyrite, siliceous sponge spicules,
conodonts, some radiolarians, and rare smaller foraminifera and ostra-
cods. Two volcanic ash layers are intercalated within Subunit B1. The
following Subunit B2 consists of organic-rich, thin-bedded black lime-
stone (Fig. 3b), with abundant disseminated pyrite, radiolarians,
hexactinellid sponge spicules, and rare smaller foraminifera and ostra-
cods. Two ash layers are also present in the middle part of Subunit B2.
Carbonate content progressively declines from the base of Subunit B1
and reaches a minimum of ~30% at the top of Subunit B2 (Fig. 4). The
overlying (8m-thick) Unit C consists of about 20 carbonate-free, graded
volcanogenic sandstone and silt cycles (averaging 40 cm in thickness)
interpreted as distal turbidites. The section ends with medium-
bedded, cherty, nodular limestone of Unit D (Figs. 3b, 4). The lower
half of Unit D consists of silicified limestone with radiolarians and
sponge spicules, whose abundance progressively decreases in the
upper half of the unit where they are replaced by benthic faunas. Car-
bonate content remains low in the lower part of the unit but increases
up section. Reconstruction of sedimentary environments indicates a
substantial drowning event here termed Mapojiao Event with deposi-
tion of Unit A in a shallow subtidal setting, followed by slope to basinal
facies of Subunit B1 and Subunit B2. Deposition of Unit B was
interrupted by the intercalation of volcanogenic turbidites of Unit C,
and endedwith Unit D that records a shallowing upward trend from ba-
sinal to subtidal settings (Bagherpour et al., 2017; in review).
2.3. Age control

A high resolution biostratigraphic study of the conodont fauna from
theMapojiao section by Bagherpour et al. (2017; in review) is used. Five
index species in Units A and Bwere recognized and all were assigned to
Clarkina. No conodonts were retrieved from the uppermost part of Sub-
unit B2 and higher units. Clarkina ?dukouensis is the stratigraphically
oldest conodont recovered from theMapojiao section. After a 20m bar-
ren interval, Clarkina asymmetrica, Clarkina leveni, Clarkina
guangyuanensis, and Clarkina ?transcaucasica (or Clarkina
guangyuanensis transitional to Clarkina transcaucasica) successively ap-
pear in ascending order and range through Unit A and Unit B (Fig. 4).
The upper two thirds of the Wuchiaping Fm. are commonly assigned
to the Clarkina orientalis Interval Zone (IZ) in South China (Shen et al.,



Fig. 3. Outcrop photographs of the Mapojiao section. a, Panoramic view of the road-cut Mapojiao main section. Dashed lines mark the boundaries between the units. b, Close-up
photograph of the interval marked by the yellow arrows in panel a showing the uppermost part of thin-bedded black limestone of Unit B, alternating volcanogenic silt and sandstone
of Unit C, and lower part of limestone of Unit D. Note the sharp and conformable contacts between the units.
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2010),which is consistentwith the entire development of the formation
in Pingtang syncline and the age constraints obtained for its lower part.

3. Material and methods

TheMapojiao sectionwas logged bed by bed and samples for carbon,
oxygen and strontium isotope compositions (δ13Ccarb, δ18Ocarb,
87Sr/86Sr) of bulk micrite, bulk organic carbon isotope (δ13Corg) and
composition of organic matter (Rock-Eval and palynofacies) were
collected.

3.1. Carbonate carbon and oxygen stable isotope analyses

A total of 116 unweathered samples (21 fromUnit A, 58 fromUnit B,
11 from Unit C, and 26 from Unit D) (Supplementary material S1) for
δ13Ccarb and δ18Ocarbmeasurements of bulkmicritewere collected. Sam-
ples were carefully cleaned, cut, and drilled to produce a fine powder.
Diagenetic calcite veins, cracks, stylolites, and large skeletal particles
were excluded.

Additionally, a total of 126 ultrahigh-resolution samples (Supple-
mentary material S2) were also collected from OM-poor, shallow-
marine limestone beds bracketing ash layers of Unit A in Mapojiao B
section (Supplementary materials S3, S4), and from OM-rich, deep-
marine limestone beds adjacent to the ash layers of Unit B in Mapojiao
main section, (Supplementary materials S5, S6, S7).

The C- and O-isotope composition of the carbonates were measured
with aGasBench II linked to aDeltaPlusXLmass spectrometer (Thermo-
Fisher Scientific) according to a method adapted after Spötl and
Vennemann (2003). Carbonates were reacted at 70 °Cwith 100% ortho-
phosphoric acid and the extracted CO2 calibrated against a number of
in-house Carrara Marble (CM) replicates for acid fractionation and nor-
malization of the δ13C and δ18O values expressed at the permil scale. The
CM standard was, in turn, calibrated against δ13C and δ18O values of
NBS-19 (+1.95 and−2.20‰, relative to VPDB). Average reproducibility
of about 8 CM's analysed in each run of 40 samples is better than 0.06‰
for δ13C and 0.08‰ for δ18O values.

3.2. Organic carbon stable isotope analyses

In order to measure the bulk organic carbon isotope composition
(δ13Corg), 88 samples (17 Unit A, 54 Unit B, 0 Unit C, and 17 Unit
D) (Supplementary material S1) were pulverized to b100 μm using a
puckmill. About 5 g of powdered samples were dissolved in 6M hydro-
chloric acid to remove all carbonates. After centrifuging, residues were
rinsed with deionized water and centrifuged until neutrality was
reached. The residues were dried over night at 45 °C and δ13Corg values
of the homogenized residues were measured using a Carlo Erba 1500



Fig. 4. δ13Ccarb, δ13Corg, 87Sr/86Sr, carbonate content, TOC, hydrogen index (HI), and oxygen index (OI) data of the Mapojiao section. Stratigraphic range of conodont taxa are from
Bagherpour et al. (2017; in review).
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elemental analyser connected to a ThermoFisher Delta V Plus mass
spectrometer. The samples were individually wrapped in tin foil cups
and sequentially allowed to react with an injected quantity of oxygen
while continuously flushed with He carrier gas. The sample was oxi-
dized in the reactor at about 1050 °C using cobalt(II) oxide as the cata-
lyst. Excess oxygen in the He-stream was adsorbed in a reactor column
filledwithmetallic Cu held at 500 °C. The CO2 producedwas passed over
a magnesium perchlorate (Mg[ClO4]2) trap to remove H2O and a gas
chromatograph to separate the N2 from the CO2, before the CO2 is car-
ried by the He-stream into the mass spectrometer for isotopic analysis.
The reproducibility of several in-house standards used is better than
0.1‰ and calibrated against USGS-24 graphite (−16.0‰ VPDB) and
NBS-22 oil (−29.6‰ VPDB).

3.3. Rock-Eval analyses and palynofacies

The quantification and characterization of the organic matter of 39
samples (5 from Unit, 22 from Unit B, 0 from Unit C, and 12 from Unit
D) (Supplementary material S1) were performed on powdered whole
rock using a Rock-Eval 6 following the method described by Espitalié
et al. (1985, 1986) and Behar et al. (2001). The IFP 160000 standard
was used to calibrate the measurements. The measured values include
total organic carbon (TOC), the Hydrogen Index (HI as mg HC/g TOC),
and the Oxygen Index (OI as mg CO2/g TOC), which permit an overall
characterization of the sedimentary organic matter (OM). The HI and
OI indices are proportional to the H/C and O/C ratios of the organic mat-
ter, respectively, and can be used for OM classification in Van-Krevelen-
type diagrams (Espitalié et al., 1985, 1986).

In order to gain a better understanding of the terrestrial and marine
fraction of OM in each unit, 8 samples were selected and treated with
hydrochloric and hydrofluoric acid following the standard techniques
of Traverse (2007). The residues were sieved with a 15 μmmesh screen
and mounted on slides for analysis of the particulate organic matter
(POM or kerogen). The POM has been divided into terrestrial and ma-
rine OM fractions. The terrestrial POM includes mainly translucent and
opaquewoody particles and rare spores and pollen. Themarine POM in-
cludes a main fraction of amorphous organic matter (AOM) and a
smaller fraction of acritarchs and foraminiferal test linings.
3.4. Strontium isotope compositions (87Sr/86Sr)

A total of 14 bulk rock samples (5 from Unit A, 6 from Unit B, 0 from
Unit C, and 3 from Unit D) (Supplementary material S1) were carefully
cleaned, cut, and drilled to produce a fine powder. Diagenetic calcite
veins, cracks, stylolites, and large skeletal particles were excluded.

A fewmg of the powdered carbonatematerialwas dissolved in 2.2M
high purity acetic acid during 1 to 2 h at room temperature in conical
shaped 2 ml vials. The solutions were centrifuged and the supernatant
was recovered and transferred to Teflon vials, where it was dried
down on a hot plate. The residue was redissolved in a few drops of
14 MHNO3 and dried down again, before Sr separation from thematrix
using a Sr-Spec resin. The Sr separate was redissolved in 5 ml of ~2%
HNO3 solutions and ratios were measured using a Thermo Neptune
PLUS Multi-Collector ICP-MS in static mode. The 88Sr/86Sr (8.375209)
ratiowas used tomonitor internal fractionation during the run. Interfer-
ences at masses 84 (84Kr), 86 (86Kr) and 87 (87Rb) were also corrected
in-run by monitoring 83Kr and 85Rb. The SRM987 standard was used
to check external reproducibility, which on the long-term (more than
100 measurements during one year) was 10 ppm (1σ). The internally
corrected 87Sr/86Sr values were further corrected for external fraction-
ation (due to a systematic difference between measured and a nominal
standard ratio of the SRM987 of 87Sr/86Sr = 0.710248: McArthur et al.,
2001) by a value of −0.039‰ per amu. The 2-sigma analytical uncer-
tainties of Sr isotope measurements range between 0.000006 and
0.000028 (see Fig. 4).
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4. Results

4.1. Carbon and oxygen isotope composition of carbonates

The δ13Ccarb profile shows a plateau of high values at around 5‰
(ranging 4.5 to 5.5‰) for the shallow-marine bioclastic limestone of
Unit A (Fig. 4). The stability of the C isotope profile in this unit is con-
firmed by the ultrahigh-resolution record around the ash layers found
in the auxiliary section Mapojiao B (Supplementary materials S3, S4).

The δ18Ocarb values in Unit A have a range between −3 and −7‰
and tend to covary with δ13Ccarb (Fig. 5).

Above this interval, δ13Ccarb values are lower by 1–1.5‰ from 5‰ to
3.5–4‰ in the dark-grey limestoneof Subunit B1 (Fig. 4). The upper part
of this excursion toward lower values is marked by two low-δ13Ccarb

peaks down to 0.8‰ and 0.6‰ just above two ash layers (801 T and
802 T). The ultrahigh-resolution carbon isotope records around these
ash layers are given in Supplementary material S5. They show 2‰ and
1‰ CIEs toward lower values below and above the upper ash layer
(801 T), respectively.

The δ18Ocarb values of Subunit B1 have a range between −4 and −
8‰ and do not show any covariation with δ13Ccarb (Fig. 5). However, a
correlation between δ18Ocarb and δ13Ccarb values around the upper ash
layer (801 T) in this subunit is noted (Supplementary material S5).

In the basal 7 m of Subunit B2, δ13Ccarb values are homogeneous
around 4‰ and gradually decrease to values between 2.5 and 3‰ in
the upper part of this subunit. Within the upper part, fluctuations are
of higher amplitude than in the lower part of Subunit B2. Three horizons
with values as low as 1‰ are measured in Subunit B2. Two of these
three peaks are in beds immediately overlying ash layers (800 T and
808 T) (Fig. 4). The ultrahigh-resolution δ13Ccarb data around the
lower ash layer (800 T, Supplementarymaterial S6) have a 2.5‰ CIE to-
ward lower values immediately below the ash layer 800 T and a shift to-
ward higher values just above it. The δ13Ccarb record around the upper
ash layer (808 T, Supplementary material S7) shows a decrease in
δ13Ccarb of 1‰ below and of 2.5‰ above the ash layer.
Fig. 5. Comparing δ13Ccarb and δ18Ocarb and δ13Ccarb profile
The δ18Ocarb values of Subunit B2 vary between−3 and−8‰ and do
not show any covariationwith δ13Ccarb (Fig. 5). Here again, a correlation
between δ18Ocarb and δ13Ccarb is observed around the ash layers in this
subunit (Supplementary material S6, S7).

The absence of carbonate rocks in Unit C generates the gap in the
δ13Ccarb record.

At the base of Unit D, δ13Ccarb values have a minimum value of 2‰
that returns to values of 4‰ in the next overlying layers. Within Unit
D, one bedwith a sharp decrease of 1‰ is recorded inUnit D, but no pre-
served ash layer could be observed near this peak.

The δ18Ocarb values in this unit have a range between−6 and−10‰
and show a covariation with δ13Ccarb (Fig. 5).

The overall changes of δ13Ccarb values document a plateau of high
values (ca. 5‰) in Unit A followed by a 3.5–4‰ decrease starting at
the base of Unit B and a 2‰ increase again in Unit D. This general
trend is interrupted by outliers toward lower values reaching ca. 1‰.
Most of these are associated with ash layers intercalated within OM-
rich limestone. These outliers may result from the diagenetic alteration
of δ13Ccarb values (remineralization of OM) in higher TOC limestone ad-
jacent to volcanic ashes. The δ18Ocarb values have a range between −3
and −10‰ and do not show covariation with the δ13Ccarb in Units A
and B, although a covariation is detected in Unit D.
4.2. Carbon isotope compositions of organic matter

Unit A is characterized by δ13Corg values ranging from −25 to −
28.5‰ with a median value of −26.4‰ and major fluctuations of up
to 3.5‰ (Fig. 4).

In Subunit B1, the amplitude of the fluctuations decreases and the
values have a range between −25 and−26‰, with a median value of
−25.4‰. These stable values extend to the lower 15 m of Subunit B2,
with a median value of 25.6‰. Subsequently, the upper part of Subunit
B2 is marked by a rapid 1‰ change toward higher δ13Corg values with a
maximum of −24.5‰ (median: −24.7‰).
after removing samples with δ18Ocarb values b−7‰.
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In Unit D, above the volcanogenic silt and sandstones of Unit C, the
δ13Corg profile displays a 1‰ decrease and again the values have a
range between −25 and−26‰ (median value: −25.7‰).

The overall change in the δ13Corg profile has a 2‰ increase in δ13Corg
shift in Units A and B, followed by a 1‰ shift to lower values again in
Unit D. Moreover the variation in the range of the values decreases
from shallow-marine, light-grey limestones of Unit A to basinal and
organic-rich limestones of Unit B (Fig. 4).

4.3. Rock-Eval pyrolysis and palynofacies

In Unit A, TOC values of bulk rock samples are low. At the base of
Subunit B1 they start increasing and reach a maximum of 1% at the
top of Subunit B2, although a decrease back to 0.3% is recorded in the
lower part of Subunit B2. The base of Unit D is characterized by a return
to low TOC values (Fig. 4).

In Unit A, HI values range from 230 to 305 mg HC/g TOC and de-
crease in Unit B where the values are ranging from 25 to 198 mg HC/g
TOC. Subunits B1 and B2 show a minor decreasing trend. HI values re-
main low (varying from 39 to 84 mg HC/g TOC) in the basal part of
Unit D. In the upper part of Unit D, the low TOC content did not allow
to measure the HI index values.

OI values in Unit A have a range from 410 to 263 mg HC/g TOC and
decrease throughout Unit B, where they range from 16 to
372 mg HC/g TOC. At the base of Unit D, OI values increase but very
low TOC does not allow the measurement of the OI values in the
upper part of this unit.

Based on palynofacies observations, Unit A is dominated by marine
POM (Fig. 6a). In Unit B, marine POM decreases and terrestrial POM in-
creases progressively. In Subunit B1, each fraction constitutes about half
of the POM(Fig. 6b) and subsequently, poorly preserved terrestrial POM
reaches a maximum of 80% and marine POM a decrease to 20% in Sub-
unit B2 (Fig. 6c).Marine POMagain becomesdominant in lowTOC lime-
stones of Unit D (Fig. 6d). The boundary between Unit A and B is
characterized by a significant input of terrestrial POM, whose domi-
nance progressively increases up-section, until the end of unit B.
Fig. 6. Photomicrographs of sieved palynofacies slides from theMapojiao section. a, AOM domin
POM from Subunit B1. c, Terrestrial POM dominated palynofacies from Subunit B2. d, AOM do
In general, the change in δ13Corg toward higher values is associated
with an input of terrestrial POM, increasing TOC values, and decreasing
HI and OI values.

4.4. Strontium isotope compositions (87Sr/86Sr)

87Sr/86Sr values have a range from 0.70738 to 0.70694 throughout
the Mapojiao section. Unit A is characterized by fluctuation in
87Sr/86Sr around 0.7071 and a minor positive excursion (from 0.70700
to 0.70715) in the upper half of this unit (Fig. 4). The overlying Unit B
(Subunits B1 and lower half of Subunit B2) have much lower values,
from 0.70714 to the minimum of 0.70694 in the middle of Subunit B2.
Subsequently, this change is followed by ratios that reach a maximum
of 0.70738 in Unit D. The overall changes in 87Sr/86Sr indicate a change
to low ratios in Unit B, which is followed by an excursion in the upper
part of Subunit B2 and Unit D toward higher ratios.

5. Discussion

5.1. Comparison of δ13Ccarb records across G-L interval

Comparison of C isotope records across G-L interval indicates that
the magnitude and biostratigraphic age of the supposed global CIE to-
ward lower values at the G-L boundary is highly variable between dif-
ferent sections in South China and elsewhere, as already stressed by
Jost et al. (2014). In the Chaotian section, the oldest CIE toward lower
values has a magnitude of 7‰ in δ13Ccarb, started in the Jinogondolella
postserrata – Jinogondolella shannoni IZ (early Capitanian) and ended
at the inferred G-L boundary (Saitoh et al., 2013b). The Xiongjiachang
section documents a younger CIE with a magnitude of 7‰ from the
Jinogondolella altudaensis IZ (mid-Capitanian) up to the Jinogondolella
xuanhanensis IZ (Bond et al., 2010b; Wignall et al., 2009). Intriguingly,
the entire Capitanian stage represents a plateau of heavy values (around
4‰) at the Penglaitan section, and only aminor excursion toward lower
values (ca. 1‰) is recorded in earliest Wuchiapingian (Jost et al., 2014;
Wang et al., 2004). At the nearby Tieqiao section, however, a CIE toward
ated palynofacies fromUnit A. b, Palynofacies with equal amount of terrestrial andmarine
minated palynofacies from Unit D.
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lower values with a magnitude of 6.5‰ in the earliest Wuchiapingian
has been documented (Yan et al., 2013). Finally, the Mapojiao section
represents a distinct, stratigraphically younger excursionwith a magni-
tude of 3.5 to 4‰ toward lower values. It starts in the Clarkina
guangyuanensis IZ and ends in the Clarkina transcaucasica IZ. Unpredict-
ably, contemporaneous intervals in Shangsi and Dukou sections are
characterized by homogeneous high values (Shen et al., 2013). The tem-
poral and geographic distribution of C isotope excursions during G-L in-
terval indicates that different processeswere operating compared to the
end-Permian, where a significant and synchronous global excursion to-
ward lower δ13Ccarb values is recorded in numerous sections (e.g. Korte
and Kozur, 2010).

The sedimentology indicates that the Capitanian (Chaotian and
Xiongjiachang sections) and early Wuchiapingian (Tieqiao and
Mapojiao sections) CIEs toward lower values were all recorded in
deep-marine, organic-rich radiolarian-spiculitic rocks. However, in the
Gouchang section (W. Guizhou), a significant (7‰) CIE toward lower
values within shallow-water carbonates bracketed between basaltic
flows has been argued to be associated with the mid-Capitanian
“mass” extinction. This CIE has been correlated, without independent
paleontological age control, with CIEs toward lower values documented
in Chaotian and Xiongjiachang with the assumption that it represents a
global signal across different types of depositional environments
(Wignall et al., 2009). The disparity of CIEs in time and space makes
δ13C curves a misleading tool for correlations in the Capitanian-
Wuchiapingian time interval. The local association of CIEs toward
lower values with distinctive drowning episodes (clusters 1 to 3 of
Bagherpour et al., 2017; in review) during this interval suggests the in-
fluence of local factors, rather than global changes in the carbon cycle.

5.2. Mechanisms for the excursions toward lower δ13Ccarb values

ELIP volcanic activities have been the most commonly invoked
causal mechanism among different hypotheses for C isotope excursions
in the G-L interval (e.g. Ganino and Arndt, 2009; Wignall et al., 2009;
Bond et al., 2010b; Chen et al., 2011). According to Wignall et al.
(2009) and Ganino and Arndt (2009), the amplitude of the Capitanian
excursion toward lower values is too large to be solely attributed to vol-
canic CO2, and release of thermogenic C from contact metamorphism
has been called upon. These authors suggested that carbon release
from heating of dolomite (δ13C = 0‰) and metamorphic release of
CO2 from organic carbon (δ13C = −22‰) due to the emplacement of
the ELIP resulted in the large change in δ13Ccarb during the end-
Guadalupian. Retallack and Jahren (2008) proposed that a voluminous
release of isotopically light methane from the contact metamorphism
of the ELIP resulted in an excursion toward lower values at the base of
Wuchiapingian. However, Saitoh et al. (2013b) argued that the early
Capitanian change toward lower values at the Chaotian started two co-
nodont zones earlier than the onset of the ELIP (during the
Jinogondolella altudaensis IZ), which excludes the input of associated
volcanic CO2 gas. These authors rather suggested that “the input of inor-
ganic carbon of low δ13C values by upwelling of the oxygen-depleted
waters” caused this shift toward lower values. Alternatively, the lack
of any covariation between δ13C and δ44/40Ca records from Chaotian
and Penglaitan, as would be expected in case of massive volcanic CO2

or methane clathrate destabilization, led Jost et al. (2014) to relate the
perturbation in C isotope across the G-L interval to “local burial condi-
tions or diagenetic effects”, withwhich our interpretation is compatible.

Comparison of the excursions in C-isotope compositions toward
lower values with concomitant facies changesmay contribute to distin-
guish the plausible driving mechanism for C isotope perturbations dur-
ing this interval. According to Sun et al. (2010), the middle Capitanian
facies change (e.g., at Chaotian and Xiongjiachang) from shallow-
marine limestone of theMaokou Fm. to radiolarian-spiculitic facies rep-
resents an ELIP-related drowning and volcanic event. Later occurrences
of the same type of events again at the G-L boundary (Maoershan and
Dukou) and early Wuchiapingian (Mapojiao) support a repetition of the
same sedimentary processes associated with similar changes in isotopic
composition. Despite the lack of high-resolution C-isotope data from
Maoershan and Dukou, coincidence of excursions toward lower values
and ELIP-related drowning events is well exemplified from Chaotian
(Saitoh et al., 2013b) and Xingjiachang (Wignall et al., 2009) (first cluster
of drowning events) andMapojiao (third and youngest cluster of drown-
ing events). The lack of lateral reproducibility of theses CIEs in South
China and elsewhere undermines any global perturbation in the carbon
budget. Hence, the association of CIEs and ELIP-related drowning events
indicates the influence of local conditions such as bathymetry and in-
creased burial of terrestrial organic matter on C-isotope values.

5.3. Diagenetic alteration of δ13Ccarb

Lowering of the δ13Ccarb values can result from global changes in the
carbon cycle, regional isotopic variation of seawater, or from diagenetic
alteration. In comparison to δ13Ccarb, δ18Ocarb values are more prone to
diagenetic alternation (e.g. Given and Lohmann, 1985; Weissert et al.,
2008) and covariation of δ13Ccarb and δ18Ocarb may indicate a diagenetic
alteration of both values (e.g. Brand and Veizer, 1981). However, corre-
lation between δ13Ccarb and δ18Ocarb does not systematically imply dia-
genetic alteration (Marshall, 1992; Ullmann and Korte, 2015;
Schobben et al., 2016). Moreover, based on the fact that limestone
with δ18Ocarb values lower than −7‰ imply precipitation at N45 °C for
0‰ seawater (Hays andGrossman, 1991), Jost et al. (2014) convincingly
argued that samples with δ18Ocarb lower than−7‰ also indicate diage-
netic alteration.

Comparison of δ13Ccarb and δ18Ocarb records from theMapojiao main
section (Fig. 5) only shows a covariation in Unit D. Moreover, after re-
moving samples whose δ18Ocarb values b−7‰, the first order trend of
δ13Ccarb recorded in Unit A and Unit B does not change but the positive
shift andmost of the samples of Unit D disappeared (Fig. 5). Two points
in the upper most part of Unit D with relatively high δ13Ccarb values
(4‰) remain after this filtering and support that these shifts toward
high values can be interpreted as primary. Petrographic analysis (at
the thin section scale) of samples from the Mapojiao section did not
show any diagenetic microfacies (e.g., dolomitization) accompanying
the change toward lower values in Unit B. However, silicification in
the lower part of Unit D is reported by Bagherpour et al. (in review),
which may have been accompanied by diagenetic alteration of δ13Ccarb
values in this interval.

Following the same approach for assessing diagenetic alteration, the
change toward lower values in Tieqiao disappears, but that of Chaotian
does remain (Jost et al., 2014). Unfortunately, δ18Ocarb data from
Xiongjiachang are not available for assessing diagenetic alteration.

The ultrahigh-resolution δ13Ccarb records from limestone beds
bracketing the ash layers show substantial excursions toward lower
values in the organic-rich limestone of Unit B, whereas limestone beds
adjacent to ash layers in the organic-poor limestone of Unit A (from
Mapojiao B) do not display any change toward lower values. The excur-
sions toward lower values around the ash layers are characterized by
δ18Ocarb values b−7‰, thus indicating the influence of diagenetic alter-
ation apparently fostered by the presence of high TOC values (Supple-
mentary materials S5, S6, S7). Moreover, the strong positive
correlation between δ18Ocarb and δ13Ccarb around the ash layers also
supports remineralization of OM for these negative outliers. However,
detailed diagenetic processes that led to the alteration of the δ13Ccarb
signal of OM-rich limestone adjacent to ash layers are unknown.

5.4. Organic geochemistry and palynofacies

Paired organic and inorganic C isotope records provide a potential
tool to assess the variation in Dissolved Inorganic Carbon (DIC) pool. Co-
variation between δ13Corg and δ13Ccarb is expected when the changes in
δ13Ccarb indicate variation in the past DIC (Oehlert and Swart, 2014 and
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references therein). Therefore, comparing both C isotope records from
the same section is of special interest for discriminating primary
changes in seawater DIC from a possible diagenetic overprint. However,
special care should be taken for the interpretation of excursions in
δ13Corg, because these values are highly dependent on the composition
of organic matter and environmental condition during plant growth
(e.g. Jahren et al., 2008). For instance, during the late Permian the isoto-
pic composition of terrestrial OMwas heavier (13C enriched) in compar-
ison with marine OM, a reverse situation in comparison to modern OM
(Arthur et al., 1985).
Fig. 7. a, δ13Ccarb and δ13Corg cross-plot. b, Oxygen index (OI) and hydrogen index (HI) cross-plot
and Blanc-Valleron, 1990). d, OI and TOC cross-plot. e, HI and TOC cross-plot.
Paired δ13Corg and δ13Ccarb analysis at Mapojiao reveals an opposite
trend throughout the section (Fig. 4). Cross-plot of δ13Corg versus
δ13Ccarb also shows a negative correlation (r = −0.3520 and r2 =
0.1304) for Units A-D at Mapojiao (Fig. 7a). This negative correlation
might indicate a diagenetic alteration and/or changes in the respective
contribution of the terrestrial and marine pools of organic carbon.
Hence, before utilizing the δ13Corg as a correlation tool or before assum-
ing variations in DIC, the composition of OM must be first determined.

The HI/OI cross-plot shows that samples from limestones of Unit A
fall into the type-II kerogen field (Fig. 7b), which indicates (relatively
, and the kerogen typesfields as defined inTyson (1995). c, S2 and TOC cross-plot (Langford
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hydrogen-rich) autochthonousmarine origin of OM. Samples from Sub-
units B1 and B2 are characterized by lower HI and OI values and corre-
spond to type-III kerogen (Fig. 7b), indicating that the OM is essentially
derived from terrestrial plants (Tissot and Welte, 1984). The S2/TOC
cross-plot shows a linear relationship between the two factors and
also indicates type II and type III kerogen for samples from Unit A and
Unit B, respectively (Fig. 7c). Moreover, both diagrams show that the
dominance of kerogen type III progressively increase from Subunit B1
to Subunit B2. In addition, the OI/TOC and HI/TOC cross-plots (Fig. 7d,
e) show a negative logarithmic relation; the higher TOC values being as-
sociated with lower OI and HI (terrestrial origin) values and vice versa.
The most δ13Corg positive values are also associated with the highest
TOC values (Fig. 7f) and therefore, with the presence of type III kerogen
of terrestrial origin. Hence, Rock-Eval parameters indicate a substantial
input of terrestrial OM concomitant with lithological change from
shallow-marine limestone to deep marine and organic-rich limestone,
thus explaining the positive trend of the δ13Corg curve.

Palynofacies analyses also confirm the substantial change from ma-
rine dominated OM of Unit A (Fig. 6a) to terrestrial dominated OM in
Unit B, where the TOC and contribution of terrestrial OM progressively
increase upward in this unit (Fig. 6b, c). In Unit D,marineOMdominates
POM assemblages again (Fig. 6d).

Studies of the Permian-Triassic interval from Norway and Australia
indicate that the primary isotopic value of terrestrial OM varies around
−22 to −23‰ and marine OM around −31 to −32‰ (Thomas et al.,
2004; Hermann et al., 2010). Therefore, given differences in the isotopic
composition of marine and terrestrial end-members, one of the most
important factors which can bias the δ13Corg is the mixing of two differ-
ent pools of organic carbon (Hermann et al., 2011). Moreover, several
studies show that diagenesis has a minor (about 1‰) effect on the var-
iation of the δ13Corg (e.g., Freudenthal et al., 2001; Meyers et al., 1995).
Thermal maturity of organic matter is also considered to shift the
δ13Corg record toward heavier values (Hayes et al., 1999), but this pro-
cess would not alter the overall trend of the isotopic record (Des
Marais et al., 1992). Hence, we conclude that the decoupling of δ13Corg
and δ13Ccarb values is in better agreement with the mixing of different
pools of organic carbon than with the influence of diagenetic alteration.

Comparison of the δ13Corg record of the Chaotian section (Saitoh
et al., 2014) with Mapojiao indicates that the similarity between these
two events of different age also extends to the δ13Corg record. Chaotian
shows a positive shift in δ13Corg in the OM-rich, radiolarian-spiculitic fa-
cies associated with a shift toward lower values in δ13Ccarb. Unfortu-
nately, composition of the bulk OM from Chaotian is not available for
further comparison. Nevertheless, the δ13Corg record indicates another
similarity between the episodic drowning events that occurred during
the G-L interval.

5.5. Strontium and carbonate carbon isotopic records

The strontium isotopic composition (87Sr/86Sr) ofmarine carbonates
provides valuable information about relative importance of the sources
contributing Sr to the seawater. Seawater 87Sr/86Sr is determined by the
relative influence of radiogenic 87Sr from the continental crust (riverine
flux) compared to that from the Earth's mantle (hydrothermal or other
mafic igneous sources of the oceanic crust) (Palmer and Edmond, 1989;
Taylor and Lasaga, 1999). Hence, changes in the 87Sr/86Sr record indicate
relative variations in the riverine and hydrothermal oceanic crustal
sources of strontium (Veizer and Compston, 1974; Palmer and
Edmond, 1989; Veizer, 1989; Martin and Macdougall, 1995; Veizer
et al., 1999). In general, an increasing 87Sr/86Sr indicates relative in-
crease of continental weathering, and a decreasing trend indicates
higher contribution of volcanogenic, ocean-crust derived Sr (Bralower
et al., 1997).

The lowest 87Sr/86Sr ratio (ca. 0.7068) in the Phanerozoic is recorded
during the Capitanian stage (Veizer et al., 1999;McArthur andHowarth,
2004; Kani et al., 2013). This is followed by a steepening increase from
the latest Guadalupian toward the Early Triassic, reaching a value of
0.7082 at the end of the Early Triassic (Korte et al., 2003; Kani et al.,
2013; Korte and Ullmann, 2016). This protracted increase in 87Sr/86Sr
indicates input of a large amount of terrigenousmaterial enriched in ra-
diogenic Sr from Pangea into Panthalassa (Kani et al., 2008), and/or ces-
sation of widespread basaltic activity in the entire Paleotethys (Korte
et al., 2006). However, other causal links such as changes in “global tec-
tonic, sea-level, climate, weathering rate, and diagenetic processes” for
the late Permian 87Sr/86Sr rise have also been proposed (Kani et al.,
2013 and references therein).

The Sr-isotope profile from the Mapojiao section provides a useful
tool to assess the enhanced hydrothermal flux of volcanic origin con-
comitant with the Mapojiao Event. The high resolution 87Sr/86Sr record
at Mapojiao represents an interval of a decrease in 87Sr/86Sr from
0.70715 to 0.70694 corresponding to organic-rich, thin-bedded lime-
stone of Unit B. This transient decreasing trend intercalated within a
longer increasing trend is compatible with a short pulse of ELIP-
related volcanic activity. In addition to enhanced hydrothermal flux, riv-
erine input from weathered less-radiogenic basalts from the ELIP may
also contribute to decrease of 87Sr/86Sr. According to Jones and
Jenkyns (2001), the most likely mechanism to lower the average of riv-
erine 87Sr/86Sr is to expose low 87Sr/86Sr volcanic rocks such as conti-
nental flood basalts to surface alteration or formation of new volcanic
arcs. Basalts are of particular importance in this case, because they are
easily weathered compared to more siliceous rocks and, hence, they
are more likely to release Sr (Bluth and Kump, 1994; Taylor and
Lasaga, 1999). Interestingly, the reported initial Sr isotopic ratios of ba-
salts from the outer zone are lower than 0.7069 (ranging from 0.7048 to
0.7069, see Fan et al., 2008; Zi et al., 2010; Lai et al., 2012). Such values
are in the appropriate range to shift the 87Sr/86Sr record from0.70715 to
0.70694 inMapojiao. Therefore, bothmechanisms - inputs of less radio-
genic Sr from volcanism and lowering the average of riverine 87Sr/86Sr
(erosion of ELIP) - may have contributed to lowering the Sr-isotope
ratio inMapojiao.Whether this decrease of 87Sr/86Sr atMapojiao is trig-
gered by increased hydrothermal flux from the oceanic ridges or by
other sources such as ELIP cannot be assessed directly. However, the
Mapojiao short-term excursion in the 87Sr/86Sr ratio is in better agree-
ment with Emeishan volcanism rather than with an increased hydro-
thermal flux from mid-oceanic ridges. Moreover, explaining the
excursion toward lower values in the 87Sr/86Sr record at Mapojiao
with ELIP activity can be supported by other indications of volcanism,
such as a climate warming during this time (Chen et al., 2011). In addi-
tion to the taxonomic composition of conodont assemblages that indi-
cates a warming trend during the Wuchiapingian (Mei et al., 2002),
the conodont apatite δ18O record from the Tieqiao section provides a
potential temperature proxy. The Tieqiao section indicates two
warming episodes during the G-L transition. The first episode occurred
in the Capitanian (Jinogondolella xuanhanensis IZ to Jinogondolella granti
IZ) and has been related to thewidespread eruption of the ELIP. The sec-
ond warming episode occurred in the Clarkina leveni to Clarkina
liangshanensis IZs in the base of the Heshan Fm. (lateral equivalent of
Wuchiaping Fm.) (Chen et al., 2011). The commonly used Clarkina
liangshanensis IZ (Wang and Wang, 1981) in South China partly over-
laps with Clarkina guangyuanensis, Clarkina transcaucasica, and lower
part of the Clarkina orientalis IZs (Fig. 1) (Shen et al., 2010). Hence, the
biostratigraphic position of the second warming episode at Tieqiao per-
fectly overlaps in time with the interval of the excursion toward lower
87Sr/86Sr values at Mapojiao and their coexistence support a concomi-
tant ELIP-related volcanic activity.

The termination age of Emeishan flood basalts is established in
Binchuan section (Yunnan Province, inner zone) with an age of 259.1
± 0.5 Ma (Shellnutt et al., 2012; Zhong et al., 2014). Pending high-
precision radiometric dating of theMapojiao Event, our biostratigraphic
data already indicates extension of ELIP volcanism into the
Wuchiapingian. The Wuchiapingian age (257.6 ± 0.5 Ma) of ELIP
plutonism and dyking is also known from Panxi region (Sichuan
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Province, inner zone) (Shellnutt et al., 2012). However, any further ex-
plicit correlation between Mapojiao Event and known Wuchiapingian
ELIP activity must await confirmation by high precision U-Pb ages. In
addition, a recent study indicates a genetic link between ELIP basalts
and the so-called “Wangpo Shale” in Shaanxi Province (Shao et al., in
press). The “Wangpo Shale” in this area is actually a bentonite bed in
the lowerWuchiaping Formation that overlies a succession of limestone
beds containing typical Wuchiapingian conodont Clarkina
liangshanensis and C. assymetrica (ca. 35 m above the GLB). This also
provides strong evidence of ELIP volcanism in the early Wuchiapingian
(Yuan Dongxun, pers. commun.).

5.6. Remarks on the δ18Ophosphate record from South China

In South China, the δ18Ophosphate composite record measured from
conodonts documents a period of low, homogeneous values during
the end-Capitanian to Wuchiapingian time interval, with two
superimposed short excursions toward even lower values of late
Capitanian and early Wuchiapingian ages, respectively (Chen et al.,
2013). How robust these two short term excursions are remains to be
established bydocumenting them from single sectionswith appropriate
paleontological age control. The composite section with substantial
gaps in their δ18Ophosphate records combined with the application of a
runningmeanmay result in unreliable peaks. The late Capitanian excur-
sion has nevertheless been assigned to ELIP volcanic activity, while the
origin of the second excursion has not been addressed (Chen et al.,
2013). It is worth noting here that this second short excursion overlaps
in age with the Mapojiao Event, but any direct or indirect linkage with
the δ18Ophosphate recordwould first require a better resolved time series,
as stressed above. Chen et al. (2013) could not discriminate between a
temperature change, sea-level changes and conodont habitats to ex-
plain these changes in δ18Ophosphate. In addition, local pH changes re-
lated to ELIP eruptions may also have contributed to fluctuations and
noise in the δ18Ophosphate time series.

6. Conclusions

The Mapojiao Event is a newly recognized drowning and volcanic
event during the early Wuchiapingian in S. Guizhou (Pingtang Syn-
cline). This event resulted in regional progressive drowning of the car-
bonate platforms and deposition of organic-rich, radiolarian-spiculitic
facies ending with the intercalation of volcanogenic turbidites. The ab-
sence of synsedimentary breccias indirectly argue in favor offlexuration
rather than block faulting for this accelerated regional subsidence
phase. During this event, δ13Ccarb data show a 3.5–4‰ excursion toward
lower values, but the δ13Corg record does not show any covariation.
Rock-Eval and palynofacies analyses support increased inputs of terres-
trial OM as the cause for increased burial of OM that shifts the primary
(marine OM dominated) δ13Corg signal toward heavier values. The ter-
restrial origin of the OM buried during the Mapojiao Event excludes
the presence of upwelling as a driver for increased marine
bioproductivity. Strontium isotope compositions indicate an excursion
to lower ratios, concomitant with the shift in the δ13Ccarb record,
which suggests an enhanced hydrothermal flux from mafic sources
such as ELIP.Weathering of basalts from ELIPmay have also contributed
to lower the 87Sr/86Sr ratios. Comparison of the C isotope record of the
Mapojiao Event to other contemporaneous records from South China
and Iran indicates that this excursion represents only a regional pertur-
bation and not a global phenomenon. Comparing the Mapojiao Event
with the Capitanian CIEs toward lower values (at Chaotian and
Xiongjiachang) reveals the iteration of the same CIE associated with
ELIP-related drownings. As a consequence, it is proposed that these
CIEs are controlled by local environmental factors such as bathymetry
and increased burial rate of organic matter. Unlike the Capitanian,
which is characterized by either gradual or abrupt decreasingmarine di-
versity, theWuchiapingian stage represents an interval of recovery and
radiation (Chen et al., 2005; Shen and Shi, 2009; Brayard et al., 2009;
Villier and Korn, 2004) and the Mapojiao Event does not coincide in
time with any noticeable extinction. In a broader perspective, the ex-
tended duration of ELIP volcanic pulses may better compare with that
of other LIPs (Wei et al., 2014; Percival et al., 2017). But themainly sub-
marine volcanic eruptions and the comparatively smaller size of the
equatorial ELIP are in agreement with the moderate impact it had in
terms of environmental perturbations and extinctions, both during the
initial eruptive phase and during subsequent pulses.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gr.2018.01.011.
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