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Abstract – Since Sun et al. (2012) published the first d18O
apatite

 data of conodonts from sections in the Nanpanjiang 
Basin, South China and used it to reconstruct Late Permian to Middle Triassic eastern Tethyan, equatorial seawater 
temperatures, errata were published and new radiometric ages became available, which prompted me to reanalyze 
this unique dataset. In the following I explore how the new data and corresponding modifications impact the 
shape of the Early Triassic d13C and d18O curves from South China, their implications for the evolution of sea 
surface temperatures, and their relationship with the biotic recovery in the aftermath of the Permo-Triassic crisis.

Research Article

INTRODUCTION

In 2012, Sun et al. published the first d18O
apatite

 data of 
conodonts from sections in the Nanpanjiang Basin, South China 
and they used this data to reconstruct Late Permian to Middle 
Triassic eastern Tethyan, equatorial seawater temperatures. 
Since then, new information and mistakes have come to light. 
Goudemand et al. (2013) wrote a technical comment and 
proposed corrections to Sun et al.’s (2012) figures 2 and 3. As 
admitted by Sun et al. in their reply (2013), some data points 
were erroneous (their table S4 does not match their figs. 2 and 
3). Goudemand et al.’s (2013) figure 1 was drawn after figure 4 
in Galfetti et al. (2007), however, which referenced an incorrect 
age of ca. 247.9 Ma for the Early-Middle Triassic boundary 
instead of the new age of 247.2 Ma proposed by Lehrmann et 
al. (2007). This age (247.2 Ma) remains valid with the new (but 
still informal) boundary definition by Goudemand et al. (2012), 
which places the boundary between the ‘carinata beds’ and the 
‘tethydis beds’, clearly above the FAD of Chiosella timorensis. 
Furthermore, Burgess et al. (2014) proposed a new radiometric 
age of 251.9 Ma for the base of the Triassic as well as new absolute 
time constraints. In the following I explore how these findings 

impact the shape of the Early Triassic d13C and d18O curves from 
South China and their implications for the relationship between 
seawater temperatures and biotic recovery in the aftermath of the 
Permo-Triassic crisis.

Stratigraphic sequence in Zuodeng

Sun et al.’s (2012) figure 2 shows that most d18O
apatite 

and 

d13C
carb

 data for the Early Triassic of the Nanpanjiang basin 
is from Zuodeng section, and it spans from the base of the 
Dienerian to the late Spathian. Hence, I used the data from 

Zuodeng section as a basis for the time calibration. Once this 
data was calibrated, the biochronological correlations could be 
used to fit the data from other sections.

Figure 1 displays the raw data from Zuodeng II section 
from Sun et al. (2012, tab. S4). The y-axis represents here the 
stratigraphical position of the samples. The light and dark green 
bands indicate the extent of each biozone as given by Sun et 
al., taking into account that ZDC50 and ZDC51 have been 
reassigned to the Novispathodus pingdingshanensis Zone (Sun et 
al., 2013).

ABSOLUTE AGE CONSTRAINTS

In order to plot the corresponding biozones on an absolute 
timescale, the following absolute ages were taken into 
consideration:

(1) An age of 252.0 Ma for the middle of bed 23 in Meishan 
(Burgess et al., 2014). This age constrains the position of the 
Neogondolella yini Zone (C2 in Fig. 2), which starts from bed 
24 in Meishan (Joachimski et al., 2012).

(2) An age of 251.9 Ma for the Permo-Triassic Boundary 
(Burgess et al., 2014).

(3) & (4) Two ages at 251.6 Ma and 251.5 Ma respectively 
from beds 33 and 34 at Meishan (Burgess et al., 2014), which 
are within the Neogondolella planata Zone (Zhang et al., 2007). 
These two ages constrain respectively the lower and upper ends 

of a minimum d13C
carb

 plateau (see Burgess et al., 2014; data 
from Cao et al., 2010).

(5) An age of 251.2Ma between the Kashmirites densistriatus 
beds and the Flemingites rursiradiatus beds (Galfetti et al., 2007, 
Brayard and Bucher, 2008). This age is late early Smithian but 
not earliest Smithian sensu the latest definition of the Dienerian/
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Figure 1 – Stratigraphical evolution of δ13C
carb

 and δ18O
apatite

 data in the Zuodeng II section. Data from Sun et al. (2012). Sun et al. (2012) report 

that the measurement of NBS 120c was 22.6±0.16‰ VSMOW. C9-C14, conodont biozones after Sun et al. (2012). Assignment of samples to 
corresponding biozones was done after Sun et al. (2012) with corrections from Sun et al. (2013); C9, Neospathodus dieneri Zone (Dienerian); C10, 

Novispathodus waageni Zone (early and middle Smithian); C11, Parachirognathus Zone (mid-late Smithian); C12: Novispathodus pingdingshanensis 

Zone (early Spathian?); C13, Icriospathodus collinsoni Zone (late early Spathian); C14, Triassospathodus homeri Zone (middle and late Spathian).

Smithian boundary (Induan-Olenekian boundary, IOB) based 
on the latest ammonoid results (Brühwiler et al., 2010) that are 
also corroborated by conodonts and compatible with the latest 
consensus of the IOBWG about a conodont-based definition 
of the IOB (Goudemand, this issue). This age does however 

correlate quite well with the d13C
carb

 maximum near the base of 
the Smithian. This shows that the base of the Smithian should 

not be considered to fall exactly on that d13C
carb

 maximum, and 
this is confirmed at the West Pingdingshan section (Chaohu, 
Anhui province, South China), a GSSP candidate for the IOB 
(Tong et al., 2007, fig. 2).

(6) An age of 250.5 Ma within the Tirolites/Columbites beds 
(Galfetti et al., 2007). This age correlates roughly with the end of 

an early Spathian, positive d13C
carb

 plateau. Given the uncertainty 
associated with this age, Goudemand et al. (2013) had used the 
lower bound of this age (about 250.15 Ma) for calibrating the 

d13C
carb

 curve (their fig.1).
(7) An age of 248.1 Ma within the late Spathian Haugi Zone 

(Ovtcharova et al., 2006). The corresponding ash layer is found 

below the maximum d13C
carb

 plateau that straddles the Early-
Middle Triassic boundary, approximately before the Chinese 

composite d13C
carb

 curve outreaches +2‰ (see for instance 
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Figure 2 – Temporal evolution of δ13C
carb

 and δ18O
apatite

 data from Meishan. Brown circles: δ13C
carb

 data from Cao et al. (2010); red circles: δ18O
apatite

 

data from Joachimski et al. (2012), δ13C
carb

 data from Xie et al. (2007), Shangsi, Wantuo, Jinya, Jiarong, Bianyang, Guandao and Zuodeng (all 

data from Sun et al., 2012) sections. The δ18O
apatite

 datasets are standardized to NBS 120c=22.6±0.16‰ VSMOW. C1-C18, conodont biozones 
modified after Sun et al. (2012). C16 and C17 are added because they are used Sun et al. (2012, tab. S4). Assignment of samples to corresponding 
biozones was done after Sun et al. (2012) with a few corrections (see main text). C1, Neogondolella changxingensis Zone; C2, Neogondolella 

yini Zone; C3, Neogondolella meishanensis Zone; C4, Hindeodus changxingensis Zone; C5, Hindeodus parvus Zone; C6, Isarcicella staeschei 

Zone; C7, Isarcicella isarcica Zone; C8, Neogondolella planata Zone; C9, Neospathodus dieneri Zone (Dienerian); C10, Novispathodus waageni 

Zone; C11:, Parachirognathus Zone; C12, Novispathodus pingdingshanensis Zone; C13, Icriospathodus collinsoni Zone; C14, Triassospathodus 

homeri Zone; C15, Chiosella timorensis Zone; C16, Neogondolella regalis Zone; C17, Nicoraella germanica Zone; C18, Nicoraella kockeli Zone. 

The arrows with circled numbers 1 to 10 correspond to the absolute time constraints (see main text).
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Galfetti et al., 2007).
(8) An age of 247.4 Ma for the FO of Chiosella timorensis in 

Guandao, South China (age by Lehrman et al., 2007, samples 
PGD1 and PGD2; revision of conodont ranges in Guandao by 
Goudemand et al., 2012).

(9) An age of 247.2 Ma for the Early-Middle Triassic 
Boundary (EMTB, Lehrmann et al., 2007). Note that, since 
Chiosella timorensis has been found in unambiguous Spathian 
strata, the C. timorensis Zone (sensu Sun et al., 2012, that is, based 
on the FAD of C. timorensis) actually straddles this boundary 
(Goudemand et al., 2012). Except for the position of the FAD 
of C. timorensis, the new EMTB definition (Goudemand et al., 
2012) is fully compatible with the previous one (e.g. Lehrmann 
et al., 2007) and correlates roughly with the lowest part of the 

maximum d13C
carb

 plateau.
(10) An age of 246.8 Ma within the Platycuccoceras beds 

(Ovtcharova et al., 2006; sample CHIN29), and associated with 
the conodont Nicoraella kockeli (Lehrmann et al., 2006; sample 
GDGB-110; see also Galfetti et al., 2007, fig. 4), and hence in 
the N. kockeli Zone (C18, Fig. 2).

Unless constrained by absolute ages, the relative durations of 
biozones were set to reflect their relative stratigraphical thicknesses 
in the main section of the corresponding time interval (C1-C8 
at Meishan, Joachimski et al., 2012; Zhang et al., 2007; Xie et 
al., 2007; Cao et al., 2010; C9-C13 at Zuodeng II section, Sun 
et al., 2012; C15-C18 at Guandao II (Upper Guandao) section, 
Lehrmann et al., 2007; Orchard et al., 2007). This is a somewhat 
arbitrary choice since it is unknown whether these thicknesses are 
a linear function of time. This would be the case if sedimentation 
rates were constant and no hiatuses were present but this is not 
necessarily true here (Joachimski et al., 2012; Sun et al., 2012, and 
references therein). Note that setting a sub-series of unconstrained 
biozones to be of equal duration would be an equally justified 
and equally arbitrary option.

The new PTB ages published by Burgess et al. (2014) lead to 
shorten the duration of the Dienerian considerably. This suggests 
that the early Smithian and possibly the early Spathian ages by 
Ovtcharova et al. (2006) should be reassessed too, using the same 
procedure as Burgess et al. (2014). 

CORRELATION OF ADDITIONAL DATA

The data from Shangsi, Jinya, Jiarong, Wantuo, Bianyang 
Quarry, and Bianyang Hill sections were added using the 
biochronological correlations and, when available, the 
chemostratigraphical information. Additionally, if within a 

given biozone a series of d13C
carb

 points were associated with 

the d18O
apatite

 data, we adjusted the position of the sample series 
as a whole in order to ‘fit’ the Meishan-ZuodengII-GuandaoII 

composite d13C
carb

 curve. It is possible to do so because it has 

been shown that the trends of the d13C
carb

 evolution are the same 
within the basin (and globally). Yet, caution is warranted as the 

absolute d13C values and the amplitude of excursions do largely 
differ even within the same basin from one facies to another (see 
Meyer et al., 2011). 

On the other hand, one could hardly justify adjusting the 

position of the series (as a whole or otherwise) to ‘fit’ the d18O
apatite

 
‘curve’. In particular, isolated data points for which the associated 

d13C
carb

 data did not help constraining their position on the 
time axis were arranged so as to reflect the uncertainty on their 
temporal position: unless further information was provided, 
single points were placed at the center of the corresponding 
biozone, the topmost sample of a set of points was placed at the 
top of the biozone and the bottommost sample at the base of 
that biozone. 

The early Smithian samples from Zuodeng I section (ZDC29, 
ZDC30) could not be positioned reliably on the time axis. They 
may or may not confirm a gradual warming within that time 
interval (compare with Sun et al., 2012). Similarly, it is hard 
to correlate sample ZDC24 (Sun et al. 2012, reported it from 
the Neogondolella carinata Zone but Sun et al. did not define a 
Ng. carinata Zone; we assigned it to the Ng. planata Zone): the 

associated d13C
carb

 data suggest that it is coeval to the minimum 

d13C
carb

 plateau in the middle of the Ng. planata Zone.

Sun et al.’s (2012) d13C
carb

 data from Jinya is consistent with 
Galfetti et al.’s (2007) data from Jinya if the early Smithian sample 
(LRC01) is considered younger than absolute age 5. 

Sun et al. (2012) mentioned (their table S4; Sun, personal 
communication, 2013) that the samples at the Smithian-Spathian 
boundary from Bianyang Quarry section were ramiform elements, 
mostly robust ones. If P

1
 elements were present, they belonged 

to Parachirognathus spp (an ellisonid conodont). Ellisonids are 
not known from the Spathian (see for instance Orchard, 2007 
for the latest review about Early Triassic conodonts). In my 
abundant collections from Guangxi, South China, ellisonids 
are clearly the dominant group in the middle-late Smithian 
Owenites koeneni beds (Galfetti et al., 2007). Yet, none of them 
survived the Smithian-Spathian boundary crisis. In other words, 
none is known in the Novispathodus pingdingshanensis Zone or 
in younger strata. Hence, it is doubtful that BYC19-1 (which 
contains Parachirognathus spp.) and BYC16-2 should be displayed 
in the Nv. pingdingshanensis Zone as in Sun et al.’s (2012) figure 
2. Instead, I consider samples BYC19-1, BYC16-2, BYC14.3, 
BYB5 and BYB4 as belonging to the Parachirognathus Zone. It 
may sound trivial to discuss the location of these four points, but 
displaying them as straddling the Smithian-Spathian boundary 

gives the (misleading) impression that the evolution of d18O
apatite

 
at Bianyang section parallels that at Zuodeng II section. The 

evidence for such a parallel (offset) evolution of d18O
apatite

 in both 
sections is not available yet. 

Figure 2 summarizes the results concerning the time 

calibration of Sun et al.’s (2012) d13C
carb

 and d18O
apatite

 data. 

SST CURVE

d18O
apatite

 data may be interpreted in terms of seawater 
temperatures, and, more precisely, in terms of Sea Surface 

Temperatures (SST). Yet, d18O
apatite

 data may also reflect the 
different life habits (water depth preferences) of the various 
conodont genera that were sampled and the corresponding 
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Figure 3 – Temporal evolution of δ13Ccarb and estimated sea surface temperatures at Meishan, Zuodeng, Wantuo, Bianyang Hill, and Guandao 
II sections. For clarity, only the δ13C

carb
 data is displayed for Guandao II because its δ18O

apatite
 data is offset from the main trend (see main text 

and Fig. 4). Data modified after Sun et al. (2012) as described in main text. Samples using hindeodid or ellisonid (Platyvillosus, Pachycladina, 

Parachirognathus) material are considered as recording the SST. Samples using neospathodid material are corrected by a +3°C offset in order to 

retrieve the SST. Similarly, samples using neogondolellid material are corrected by a +4.7°C offset. The color bands show the first-order trends.
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biases should be corrected for in order to retrieve the SST. Let us 
first focus on a main composite Meishan-Zuodeng II-Wantuo/
Bianyang Hill curve. In this case, Wantuo and Bianyang Hill 
sections are preferred to Guandao II because, contrary to 

Guandao II whose data is clearly offset, the d18O
apatite

 data from 
Wantuo and Bianyang Hill is compatible with the data from 
Zuodeng II. Without comparative samples, one can assume 
that the data from Meishan is not offset compared to that from 
Zuodeng II.

The original Meishan d18O
apatite

 data is from Joachimski et al. 
(2012) and the data points were obtained by processing either 
Hindeodus or ‘Clarkina’ (Neogondolella) material. For the lower 
(Permian) part, up to bed 25, both ‘Clarkina’ and Hindeodus 

are interpreted as recording d18O
apatite

 data that correspond to 
the SST (Joachimski et al., 2012, p. 196). Above bed 25, and 
concurrently with the PTB sea level rise, ‘Clarkina’ records lower 
temperatures than Hindeodus, which is interpreted as ‘Clarkina’ 
migrating to deeper and colder waters while Hindeodus remains 
at the sea surface (ibid). 

For the Zuodeng II section, most measurements were 
performed with material comprising neospathodid elements 
(Sun et al., 2012, tab. S4). Based on two comparative analyses 
of Neospathodus and Platyvillosus (Sun et al., 2012, tab. S1, 
samples ZDC44 and ZDC B), Sun et al. (2012, supp. text, p. 7) 
interpreted neospathodids as having lived at a water depth of ca. 
70 meters  and Platyvillosus at sea surface. The case of the middle-
late Smithian ellisonids (Pachycladina, Parachirognathus) is more 
difficult: ellisonids favored shallow-water environments (e.g. 
Carr et al., 1984) and their dominance in middle-late Smithian 
samples may reflect the recorded coeval regression. Yet, without 
comparative analyses from the same samples, it is not clear by 

how much their d18O
apatite

 signal should be offset relative to that 
of neospathodids. In the following we shall assume, as Sun et 

al. (2012), that ellisonids lived at sea surface and their d18O
apatite 

offsets by -0.7‰ compared to that of neospathodids. 
The Wantuo and Bianyang Hill data was obtained using either 

neospathodid or unidentified ramiform material (Sun et al., 2012, 
tab. S4). Without further evidence, we shall assume most samples 
correspond to animals that lived like neospathodids at a water 
depth of ca. 70 meters. One sample from Wantuo (WTC05) 
was used to compare neospathodid and neogondolellid material 
and the corresponding 0.4‰ offset suggests that neogondolellids 
lived at a water depth of ca. 85 meters (Sun et al., 2012, tab. S1 
and supp. text p. 7). 

The Zuodeng I section was measured using either neospathodids 
(ZDC28-31), neogondolellids (ZDC24 and ZDC32) or 
hindeodids (ZDC21). The same offsets as above apply. Namely: 
samples using hindeodid or ellisonid (Platyvillosus, Pachycladina, 
Parachirognathus) material are considered as recording the SST; 
samples using neospathodid material are corrected by a +3°C 
offset in order to retrieve the SST; and similarly, samples using 
neogondolellid material are corrected by a +4.7°C offset.

The SST curve for the ‘Meishan-Zuodeng-Wantuo/Bianyang 
Hill’ composite is shown on Figure 3. The temperatures are 
computed using the equation of Pucéat et al. (2010), assuming 

constant salinity and an ice-free world (d18O
seawater

 = -1‰) (Sun 

et al., 2012). 
On Figure 4, the same procedure is applied to the data from 

Guandao II, Bianyang Quarry, Jinya and Jiarong sections. The 
evolution of the SST in Guandao II section is clearly offset (by 
about -8°C) from that in Wantuo, Bianyang Hill and Zuodeng 
II sections. Sun et al. (2012) proposed that it is due to higher 
evaporation in Guandao (salinity offset) since this section is close 
to the Great Bank of Guizhou. The few data points from Jinya 
fit with the temperatures in Zuodeng for the early Smithian and 
the early Spathian but they differ within the Parachirognathus 
Zone. The evolution of the SST in Jiarong seems to parallel that 
in Zuodeng but it is offset by 2‒4°C. Since we are comparing 
sea surface temperatures, this offset cannot be explained by a 
difference in water depth (contra Sun et al., 2012). It could 
instead reflect regional variation but it is puzzling that the offset 
in Jiarong is opposite to that in Guandao although Jiarong and 
Guandao are neighboring sections. Sun et al. (2012, fig. 3) 

suggested that the d18O data from Jiarong, Bianyang and Jinya 
around the Smithian-Spathian boundary, was reflecting that of 
Tsoteng and was recording the temporal evolution of the SST: 
namely the occurrence of a presumed late Smithian thermal 
maximum.

CONCLUSION

Though based on the same assumptions as Sun et al. (2012) 
about the life habitats of the measured conodonts, our new 
calibration offers a significantly different picture for the Early 
Triassic evolution of sea surface temperatures in South China: the 
late Smithian Parachirognathus Zone may in fact correspond to a 
decrease of temperatures, while the early Spathian Novispathodus 
pingdingshanensis Zone would correspond to a rebound of 
temperatures, possibly with a peak in the earliest Spathian. The 
sea surface temperatures drop again during the Icriospathodus 
collinsoni Zone and then they rise until the middle and late 
Spathian where they reach levels similar to those observed in the 
middle Smithian and early Spathian.
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