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Abstract Carbon and oxygen isotope records for Shangsi Section in Northwest Sichuan Basin, South China can
help investigating depositional environments and processes, including the burial rate and possible contribution of
hydrothermal events. Samples from the lower Chihsian Formation show 8Cppp and 8'%0ppg values close to those of
typical marine limestone. However, the overlying Permian middle-upper Chihsian, Wujiaping, and Maokou Forma-
tion samples reveal negative 88 0smow values and strong positive 83Cppp values. These indicate high biological
productivity and rapid burial of organic carbon. Samples from the Dalong Formation present both negative 8" Cppy
and negative §'*Oppg values, which are quite different from the underlying Permian strata. These abnormal carbon
and oxygen isotope characteristics in the Dalong Formation may suggest that hydrothermal processes contributed to

deposition.

Key words carbon isotope; oxygen isotope; hydrothermal process

1 Introduction

Along with organic and carbonate carbon pools,
hydrothermal deposition processes of igneous/
magmatic mantle systems could play an important role
influencing carbon isotope (as well as oxygen isotope)
changes (Hoefs, 1997). Stable isotope studies on car-
bonate rocks may provide valuable information con-
cerning the precipitation of ore and gangue carbon-
ates, the chemical evolution of mineralising fluids,
and the processes of fluid-mixing and/or fluid-rock
interaction (Ghazban et al., 1991; Huang Zhilong et
al., 2010; Tao Shizhen et al., 2012).

Considerable work performed by the oil and gas
exploration industry indicates that the Permian strata
in the Sichuan Basin, Southwest China contain im-
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portant source rocks for gas (Wang Yigang et al.,
2006; Xu Sihuang and Wantney, 2007; Hao Fang et
al., 2008; Ma Yongsheng, 2008; Zhang Qu et al.,
2008; Zhou Huayao et al., 2008; Zhu Yangming et al.,
2008; Zhu Guangyou et al., 2011). This finding has
stimulated intense interest in studying the related de-
positional environments of the Permian strata in the
Sichuan Basin. Organic and inorganic geochemical
studies have been used to track paleo-environmental
events and to reconstruct paleo-depositional condi-
tions (Ma Zhixin et al., 2008; Ma Zhongwu et al.,
2008; Ruan Xiaoyan et al., 2008; Xie Xi’nong et al.,
2008; Zhou Lian et al., 2008). Bai Xiao et al. (2008)
reported the carbon and oxygen isotope records of the
Permian Shangsi Section in the Northwest Sichuan
Basin and preliminarily discussed the possible indica-
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tions of anoxic depositional environment, upwelling,
and volcanic events. Lai Xulong et al. (2008) and Li
Pengwei et al. (2009) focused on the P-T (Per-
mian-Triassic) boundary extinction event with car-
bon-oxygen-sulphur (C-O-S) isotopic geochemistry of
the Shangsi Section. Hu Guoyi et al. (2012) used car-
bon isotopes to distinguish the genetic types of
coal-derived gas in the Sichuan Basin. Zhang Bing et
al. (2012) studied carbon, oxygen, and strontium sta-
ble isotopes and discussed the relationship between
dolomite reservoirs and diagenetic systems of the
Changxing Formation in the eastern Sichuan Basin.
However, isotope analysis is seldom used to infer pa-
leo-depositional/diagenetic processes in this region.

This study investigates the carbon and oxygen
isotope records of the Permian Shangsi Section, ini-
tially reported by Bai Xiao et al. (2008), in the North-
west Sichuan Basin. The results have been found
comparable to the quantitative model of measured C
and O isotope co-variation addressed by Spangenberg
et al. (1996). This model could be used to characterise
geochemical mixing processes and indicate tempera-
ture and pressure changes during possible hydrother-
mal events.

2 Geological setting

The Shangsi Section is located in the Guangyuan
arca in Northeast Sichuan Province, South China
(Fig. 1A, B). Tectonically, it belongs to the Longmen
Mountain fold belt in the northern Yangtze block (Fig.
1C). The Permian strata exposed in the Shangsi Sec-
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tion include, from bottom to top, the Liangshan,
Chihsian, Maokou, Wujiaping, and Dalong forma-
tions, with a total thickness of ~380 m (Fig. 2). The
excellent exposure of the Shangsi Section makes it
one of four candidates for the Global Boundary Stra-
totype Sections and Points (GSSPs) for the P/T
boundary strata in China (Yin Hongfu et al., 2001).

The Liangshan Formation consists primarily of
aluminous layers, with a thickness of ~2 m. The
Chihsian Formation (~230 m in thickness) contains
bioclastic/nodular/laminated limestone, dolomite, bio-
clastic wackstone/packstone, carbonaceous shale, and
siliceous mudstone or siliceous nodules, indicating an
open or restricted carbonate platform. The lower-
middle Maokou Formation contains limestone and
bioclastic packstone with irregular concretions,
whereas the upper formation contains interbeds of
limestone, calcareous mudstone, and thinly bedded
chert or siliceous rocks, with a total thickness of ~66
m, likely deposited in a neritic and open carbonate
platform. Originating from the Dongwu Movement in
the southwestern margin of the Upper Yangtze Plat-
form, a regional unconformity occurs between the
Maokou and Wujiaping formations, which has been
recognised as an aluminous layer at the bottom of the
Wujiaping Formation. The Wujiaping deposit (~55 m
in thickness) is composed of bioclastic limestone with
striped siliceous rocks or concretions that are formed
in littoral and open carbonate platform environments.
The Dalong Formation (~40 m in thickness) is domi-
nated by interbedded siliceous rocks and calcareous
mudstone with little limestone, indicating deeper basin
floor environments.
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Fig. 1. (A) Sketch map of China showing position of Sichuan Province (modified from Qi Liang et al., 2008); (B) Location map of the Shangsi

Section (modified from Isozaki et al., 2007); (C) Regional structure information of the sampling Shangsi section in the northwestern Sichuan Ba-

sin, Southwestern China (modified from Rao Dan et al., 2008; Yang Rongjun et al., 2009).
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Fig. 2. Lithological column, containing 6]3CPDB, BISOPDB, sedimentary facies and sea level fluctuations (modified form Xie Xi’nong et al., 2008;
Yan Jiaxin et al., 2008) of the Shangsi Section in the Northwest Sichuan Basin, Southwest China. Lithology symbols: 1. limestone; 2. dolomite; 3.
nodular limestone; 4. bioclastic limestone; 5. limestone with cherts; 6. laminated limestone; 7. shale; 8. siliceous shale; 9. carbonaceous shale; 10.
limestone containing asphalt; 11. dolomitised limestone; 12. limestone with dolomite spots; 13. limestone packed with calcite; 14. aluminous
layer; 15. volcanic ashes; 16. positions of photographs shown in Fig. 3. Samples of bioclastic limestone (green diamonds) and limestone with

dolomite spots (black and white diamonds) are referred in Figs. 3 and 4.
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3 Analysis methods

Eighty-four samples collected from different
lithologies in the Shangsi Section were used for car-
bon and oxygen isotopic analysis. Before measuring
the carbon isotopes, samples were crushed to smaller
than 100-mesh. Then, they were allowed to react with
100% H3PO4 under vacuum for more than 24-hour to
produce CO,. The CO; collected from this procedure
was introduced into a Finigan MAT 251 mass spec-
trometer for measuring the ratios of “C/'’C and
80/'°0. All of the carbon and oxygen isotope ratios
obtained are reported in the d notation relative to the
international PDB standard and with Iprecision better
than +0.1%o for 8"°C and +0.2%o for 8"*O. This analy-
sis was conducted at the State Key Laboratory of
Geological Processes and Mineral Resources, China
University of Geosciences (Wuhan) (Bai Xiao et al.,
2008). For the conversion from 5'°O (%o, PDB) to
80 (%o, SMOW), we use the following formula:
8" Osmow (%0)=1.03091x5"%0ppp+30.91 (Coplen et
al., 1983).

4 Results and discussion
4.1 Carbon and oxygen isotope results

Carbon and oxygen isotope results from the
Shangsi Section rocks are presented in Table 1, with
outcrop photographs of strata from the Chihsian For-
mation (Layers 31, 44 and 49) and the Dalong Forma-
tion (Layers 135140, 145-149 and 159-164) shown
in Fig. 3A-F (see the positions of photographs in
Fig. 2).

4.1.1 Samples from the Chihsian Formation

Forty-four samples were collected from the
Chihsian Formation: 14 bioclastic limestone samples
show 8"Cppp= +0.4%0 to +3.9%0 and §"°Osmow=
+22.0%0 to +27.8%0, with average values of +2.7%o
and +25.1%o, respectively; 12 samples from the host
rock of limestone interbedded with laminated lime-
stone show &' Cppg = 12.8%0 to +4.8%0 and 81805M0w
= +21.2%o0 to +26.9%o, with average values of +4.0%o
and +24.7%o, respectively; eight limestone samples
show 3"Cppp= +3.5%0 to +4.3%0 and §"*Osmow=
+23.5%0 to +26.5%0, with average values of +3.9%o
and +25.0%o, respectively; four samples from the host
rock of limestone with dolomite spots show 813CPDB:
~0.3%o to +2.2%0 and §'*Osmow= +24.6%o to +26.5%,
with average values of +1.0%0 and +25.7%o, respec-
tively; three samples from the host rock of limestone
containing asg)haltene show 813CPDB: +2.4%0 to
+3.0%0 and 3'°Osyiow= +23.2%o to +26.8%o, with av-
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erage values of +2.7%o and +25.3%eo, respectively; and
three samples from the host rock of limestone inter-
bedded with shale show 3"°Cppp= +3.2%0 to +3.6%o
and 81805M0w: +25.0%0 to +26.9%o0, with average
values of +3.4%o and +25.7%o, respectively.

4.1.2 Samples from the Maokou Formation

Seventeen samples were collected from the Ma-
okou Formation: Eight samples from the host rock of
limestone interbedded with siliceous bands and car-
bonaceous shale show 813CPDB: +2.9%0 to +4.0%0 and
81805M0W: +21.5%0 to +26.2%0, with average values
of +3.5%0 and +23.6%o, respectively; four limestone
samples show 51 Cppp= *13.6%0 to +4.3%0 and
81805M0W: +21.1%o0 to +25.7%o, with average values
of +4.0%0 and +23.6%o, respectively; three samples
from the host rock of limestone interbedded with
cherts show 813CPDB: +4.0%0 to +4.5%0 and 81805M0w
= +24.0%o to +24.4%o, with average values of +4.2%o
and +24.2%o, respectively; and two samples from the
host rock of limestone interbedded with carbonaceous
shale show 8" Cppa= 1+2.9%o0 to +3.4%o and 818OSMOW:
+24.88%0 to +24.89%o, with average values of +3.1%o
and +24.88%o, respectively.

4.1.3 Samples from the Wujiaping Formation

Fourteen samples were collected from the Wu-
jiaping Formation: Seven samples from the host rock
of limestone interbedded with cherts show " Cppp=
+2.7%o to +4.4%o and §"* Osmow= +22.1%o to +25.9%o,
with average values of +3.6%o and +23.9%., respec-
tively, and seven samples from the host rock of lime-
stone interbedded with siliceous bands show 813CPDB
= +3.5%0 to +4.9%0 and 3" Osmow= +23.8%0 to
+25.0%0, with average values of +4.3%o and +24.3%o,
respectively.

4.1.4 Samples from the Dalong Formation

Nine samples were brought from the Dalong
Formation: Seven siliceous rock samples show
8" Cppp=~2.0%o0 to +2.3%0 and 5'*Osmow= +12.6%o to
+25.4%o0, with average values of +0.6%o and +21.5%o,
respectively, and two limestone samples show 8" Cppp
= —0.03%0 to +0.3%0 and 3'“Osmow= +22.5%o to
+23.1%o0, with average values of +0.1%o and +22.8%o,
respectively.

4.2 Characteristics of 613CPDB against 61805M0w
values

Fig. 4A shows plots of 513 Cppp against 81805M0w
values from the four different formations in the
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Shangsi Section, from which, three groups are easily
identified: 1) The samples shown by blank triangles
and gray circles are collected from the Wujiaping and
Maokou formations. They fall in a field of 813CPDB=
+2.7%o0 to +4.9%o and 5'*Osmow= +21.1%o to +26.2%o,
with average values of +3.8%0 and +24%.. 2) The
Dalong Formation samples shown by black squares
are distributed in a field of 613CPDB= —2.0%o0 to +2.3%o0
and 818OSMOW= +12.6%0 to +25.4%0, with average
values of +0.5%0 and +21.8%o0, which are both lower
than the values from the first group. 3) The distribu-
tion of the Chihsian Formation samples shown by
gray diamonds is not well concentrated relative to the
other samples. The Chihsian Formation samples can
be further divided into two sub-groups: a) eight sam-
ples from the lower Chihsian Formation (four bioclas-
tic limestone and four limestone with dolomite spots,
see detail for the lithology and sample location in
Figs. 2 and 4B) show 8" Cppg= —0.3%o0 to +2.2%o and
§! Osmow= 124.5%0 to +27.8%o0, with average values
of +1.2%0 and +25.8%o, respectively, which are close
to values for typical marine limestone; b) the rest of
the samples of the Chihsian Formation show 5t CrpB
= +24% to +4.8% and 3" Osmow= +21.2%0 to
+26.9%o0, with average values of +3.6%o and +25.0%o,
respectively, which are close to those of first group,
containing the Wujiaping and Maokou formations.
Table 2 presents the average 5 Cppg and
SIBOSMOW values of samples from different lithology
groups in the Chihsian (except the eight samples from
the lower Chihsian Formation), Wujiaping and Ma-
okou formations, where the dominant lithology is
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carbonates. Their &' Cppp values show strong positive
anomalous values in common. From Table 2, we can
see that limestone (LM) interbedded with laminated
LM/siliceous rocks/cherts contain higher 513 Cppg val-
ues than bioclastic LM and LM with shale/asphaltene,
whereas the situation for SISOSMOW values is the op-
posite. This result illustrates that the negative biasing
SISOSMOW values and strong positive bias 5! Cppg val-
ues are more obvious in LM interbedded with lami-
nated LM/siliceous rocks/cherts.

4.3 Possible hydrothermal events in the Permian
Shangsi Section

Processes of increasing temperature, rising sea
level, prosperous biological production and rapid bur-
ial of organic carbon could induce a positive biasing
in 813CPDB and a negative biasing in 818OSMOW, and
vice versa (Yan Zhaobin et al., 2005). The lower
Chihsian Formation layers with 813CPDB and SISOSMOW
values close to the typical marine limestone may hint
a stable environment for this period, with a normal
biological production/burial rate. However, character-
istics of the negative biasing SISOSMOW values and
strong positive biasing 8'*Cppg values from the mid-
dle-upper Chihsian, Wujiaping, and Maokou forma-
tions may indicate prosperous biological productivity
with rapid burial of organic carbon during these peri-
ods and help to explain the general formation of
laminated limestone and limestone interbedded with
biogenic cherts/siliceous rocks.

Fig. 3. Outcrop photographs for (A) gray thick-bedded bioclastic limestone and grainstone in Layer 31 (~67 m) of the Shangsi Section; (B) gray

thick-bedded limestone, with plaque structure in Layer 44 (~107 m) of the Shangsi Section; (C) gray thick-bedded grain-phyric limestone in

Layer 49 (~124 m) of the Shangsi Section; (D) gray mid-bedded limestone interbedded with dark thin-bedded limestone, and gray

mid-/thick-bedded siliceous limestone, which consist of Layer 135 to 140 (~380 to ~385 m) of the Shangsi Section; (E) gray to dark gray
mid-/thin-bedded limestone interbedded with volcanic ashes, which consist of Layer 145 to 149 (~392 to ~394 m) of the Shangsi Section; (F) dark
thin-bedded siliceous rock interbedded with dark calcareous shale (referred as Ca-Shale in Fig. 4), which consist of Layer 159 to 164 (~410 to

~415 m) of the Shangsi Section.
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Fig. 4. SBCPDB vS. SISOSMOW for the Shangsi Section samples; the
dashed curves in blue (A) and in red (B) represent the theoretical
temperature curves. Sample symbols: 1. Late void-filling calcite; 2.
white sparry dolomite; 3. ore stage dolomite; 4. uncush limestone
(Spangenberg et al., 1996); 5. typical marine limestone, with 8"*Cppg
= 0%o +2%o0 (Hoefs, 1997) and SISOSMOW > +25.8%o for confirming

minor alteration influence (Derry et al., 1992); Ca-. calcareous.

Previous work on other South China Permian
Sections connected the obvious negative biasing
813CPDB values in the Late Permian strata to a mass
biological extinction near the Permian-Triassic
boundary (Gao Zhengang et al., 1987; Li Zishun et al.,
1986; Huang Sijing et al., 1992). When compared
with the 613CPDB VS. 81805M0w graph for calcites from
the San Vicente mine (Spangenberg et al., 1996),
however, we found that plots of 513 Cppg VS. SISOSMOW
for samples from the Dalong Formation (black
squares) were distributed close to the theoretical
curves for calcite precipitated during mixing of fluids.
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A maximum temperature of ~100°C could be inferred,
which leads us to consider that the carbon and oxygen
isotope characteristics in the Late Permian Dalong
Formation of the Shangsi Section may not be the di-
rect result of a mass biological extinction. In addition,
volcanic ashes interbedded within strata have been
observed from the Late Permian Dalong Formation
(Table 1 and Fig. 3E). The ash confirms the existence
of volcanic activities during the Late Permian in this
area, which is in accordance with previous publica-
tions (Feng Shaonan, 1991; He Li et al., 2008; Niu
Zhijun et al., 2000; Tian Shugang, 1991). Further-
more, Chen Hui et al. (2012) has discussed the hydro-
thermal contribution to the Late Permian Dalong
Formation sediments indicated by geochemical char-
acteristics of major and trace elements (which seem to
not be classic hydrothermal deposits). The possible
temperature inferred from this study during major
hydrothermal deposition may not exceed 100°C (Fig.
4). We suggest that negative biasing in both 8" Cppg
and 81805M0w values in the Dalong Formation may
reflect the influence of i%neous/magmatic systems
(8" Cpps= -3%o to -30%o, & Ogmow= +6%o to +12%)
or the mantle origin (813CPDB: -5%o to -7%0) (Hoefs,
1997), on the depositions through hydrothermal

events.

Table 2 Value ranges and average values of 83Cppg Vvs.
3®0gpmow for different lithology groups from the Chihsian,
Maokou and Wujiaping formations (except the 8 samples
from the lower Chihsian Formation)

8"*Crpg (%0)
LM with laminated LM 2.8-4.8 4.0
LM 3.543 4.0
LM with siliceous rock 2.9-49 39
LM with chert 2.7-4.5 3.8
LM with shale 2.6-3.9 33
Bioclastic LM 2.7-3.9 32
2.4-3.0 2.7

LM with asphaltene

3"* Osmow (%o)

LM with laminated LM 21.2-26.9 247
LM 21.1-26.5 24.6

LM with siliceous rock 21.5-26.2 23.9
LM with chert 22.1-259 24.0

LM with shale 24.9-26.9 254
Bioclastic LM 22.0-26.5 248
23.2-26.8 253

LM with asphaltene

Note: LM=Limestone.
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5 Conclusions

Combined carbon and oxygen isotope measure-
ments of the Permian Shangsi Section and suggest
following results,

(1) Samples from the underlying Permian Wu-
jiaping, Maokou, and middle-upper Chihsian forma-
tions with negative biasing 5! Osmow values and
strong positive anomalous 813CPDB values indicate
prosperous biological productivity and rapid burial of
organic carbon.

(2) Samples with both negative anomalous
813CPDB and &' Osmow Vvalues from the Dalong Forma-
tion reveal minor contribution of hydrothermal proc-
esses, with the possible temperature <100°C.
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