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The Ediacaran Doushantuo Formation (dating from 635 Ma to 551 Ma) of South China is composed of alternating
siliciclastic and carbonate units and yields abundant extraordinarily preserved animal embryos, macroscopic
multicellular algae and Ediacara-type fossils. Thus, it is critical for the chronostratigraphic calibration of the Ediacaran
Period and for deciphering the evolutionary history of life during this time interval. In order to establish a high-resolution
Ediacaran chronostratigraphic framework and to clarify the correlation problem of the Doushantuo Formation, we rein-
vestigated the Tianjiayuanzi section, which is the stratotype section of the Doushantuo Formation. The new carbon iso-
tope and sequence stratigraphic data, as well as the integrative correlation of the Tianjiayuanzi section with other sec-
tions in the Yangtze Gorges area demonstrate that there are four negative carbon isotope excursions (N1–N4) in the
Doushantuo Formation in the Yangtze Gorges area. The N1 (CANCE) excursion occurs within the cap carbonate inter-
val at the base of the formation. Extreme negative δ13C values (< –18‰) are recorded within this interval from most of
the sections in the Yangtze Gorges area. The N2 (WANCE) excursion, with δ13C values shifting from +6‰ to –1‰, oc-
curs in the middle of Member 2 at a major sequence boundary in the middle of the formation. The N3 excursion is situ-
ated in a horizon near the boundary between Member 2 and Member 3 of the formation and is characterized by δ13C val-
ues down to –6‰. The N4 (DOUNCE) excursion with a nadir of δ13C values as low as –9.6‰ at the top of the formation
represents the most distinct negative carbon isotope excursion in the Ediacaran. New observations in the field confirm
the presence of a sequence boundary at a karstic surface in the upper part of the Doushantuo Formation, which coincides
with the beginning of the nadir of δ13C values within the DOUNCE. Additional δ13C data from the basal Dengying For-
mation indicates that the DOUNCE interval with the most negative δ13C values crosses entirely the black shale Member
4 at the top of the Doushantuo Formation. • Keywords: Ediacaran, Doushantuo, chemostratigraphy, carbon isotopes,
South China.
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The Ediacaran Period, spanning ca 93 Myr (635–542 Ma),
represents a critical transitional time interval in Earth his-
tory between the termination of the global Neoproterozoic
ice ages and the Cambrian when the Earth experienced
revolutionary changes in its biosphere, lithosphere, atmo-
sphere and hydrosphere (Knoll et al. 2004, Squire et al.
2006, Bowring et al. 2007, Canfield et al. 2008). However,
due to the absence of a high-resolution Ediacaran time
frame, controversies are common with regard to the inter-
pretation of the evolutionary processes of the Earth-Life
system during this period (Halverson et al. 2005, Fike et al.
2006, Gaidos et al. 2007, Zhu et al. 2007a, McFadden et al.
2008). Recent advances in Ediacaran chronostratigraphy

demonstrate that it is possible to use some geochemical
proxies and fossils to subdivide and correlate Ediacaran
strata on a global scale (Grey 2005, Zhu et al. 2007b,
McFadden et al. 2009, Halverson et al. 2010). Ediacaran
strata of South China are fossiliferous and composed of al-
ternating siliciclastic and carbonate lithologies, making
them among the best successions in the world for the calib-
ration of Ediacaran time (Zhu et al. 2007b). The Doushan-
tuo Formation, in particular, yields abundant, extraordina-
rily well preserved animal embryos, macroscopic
multicellular algae and Ediacara-type fossils (Xiao et al.
1998, 2004; Chen et al. 2002, 2009; Yin et al. 2007;
Zhu et al. 2008) that have attracted worldwide attention
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(Jiang et al. 2003a, 2007; Zhu et al. 2007b; McFadden et
al. 2008; Bristow et al. 2009; Li et al. 2010).

The Doushantuo Formation is well dated at the base
(635 Ma) and at the top (551 Ma) (Condon et al. 2005) and
represents more than 90% of Ediacaran Period. Therefore,
high-resolution stratigraphy of the Doushantuo Formation
is urgently required for global Ediacaran chrono-
stratigraphy. As the type area of the Ediacaran System of
South China, the Yangtze Gorges area of western Hubei
has the best developed and exposed sections of the
Doushantuo Formation. Over the past two decades, most
previous stratigraphic work on the Doushantuo Formation
has been focused on carbon isotope evolution (Lambert et
al. 1987; Wang et al. 1996, 2002a, b; Yang et al. 1999;
Chen et al. 2003; Chu et al. 2003; Jiang et al. 2007; Zhu et
al. 2007b; Lu et al. 2009; Sawaki et al. 2010). However,
the carbon isotope profile of the Doushantuo Formation ex-
hibits significant variations between different sections in
the area. Therefore, there is currently no consensus with re-
gard to the precise stratigraphic correlation of the
Doushantuo Formation, not only in different areas of South
China but also in the Yangtze Gorges area (Zhou & Xiao
2007, Zhu et al. 2007b, McFadden et al. 2009). This corre-

lation problem is mainly due to variations in sedimentary
facies, which lead to dramatic differences in the lithology
and thickness of the Doushantuo Formation in different
sections in the Yangtze Gorges area (Zhu et al. 2007b, Lu
et al. 2009).

In order to obtain a high-resolution stratigraphy of the
Doushantuo Formation, we revisited the Tianjiayuanzi sec-
tion in 2008 and 2010 for two reasons: 1) the section is the
stratotype section of the Doushantuo Formation (Zhao et
al. 1985), but there is still no high-resolution δ13C profile
available from the section (Chu et al. 2003); and 2) the
prominent δ13C excursion in the uppermost Doushantuo
Formation, abbreviated to DOUNCE by Zhu et al. (2007a),
is puzzlingly inconspicuous in this section as shown by
previous studies (Chu et al. 2003). The purpose of the pres-
ent paper is to report new information about δ13C- and se-
quence-stratigraphy of the section, and its applicability for
correlation of the Doushantuo Formation in the Yangtze
Gorges area.
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The Tianjiayuanzi section is located at the southeastern
limb of the Huangling Anticline in the vicinity of Sandou-
ping, Yichang (Fig. 1). The section is exposed along a farm
trail on the southern hillside of the Tianjiayuanzi village,
starting at 30°49.964´N/111°06.587´E and ending at
30°49.861´N/111°06.470´E. In this section, the Doushan-
tuo Formation is about 200 m thick (Fig. 2A). Since the
middle part of the section is not well exposed, only the lo-
wer and upper parts were measured and sampled in the pre-
sent study.

The Doushantuo Formation in this section starts with a
2.8 m-thick cap carbonate interval, consisting predomi-
nantly of microcrystalline dolostone and situated directly
above the Nantuo glacial diamictite (Fig. 2B). The basal
0.8 m of the cap carbonate is strongly disrupted by stroma-
tactis-like cavities and siliceous crusts. Above this basal
layer follows a 1.2 m-thick, gray, thickly bedded, laminated
and microcrystalline dolostone with tepee-like structures.
The top part of the cap carbonate is composed of a
0.8 m-thick, gray, medium- to thick-bedded dolostone with
centimeter-scale stromatactis-like cavities and sheet cracks.

Overlying the cap carbonate is a 48.6 m-thick interval
consisting of dark gray, muddy dolostone intercalated with
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"# Geological map of the Huangling Anticline in western Hubei
showing locations of the sections of the Doushantuo Formation.

��	���
$# Field photographs of the Doushantuo Formation in the Tianjiayuanzi section. • A – overview of the Tianjiayuanzi section. The Doushantuo
Formation is in the lower part of the figure, and the uppermost cliff is made up of the Dengying Formation. • B – cap carbonate at the base of the
Doushantuo Formation. • C – lower part of Member 2, showing carbonate in the upper part of the sequence 1. • D – carbonate interval of the lower part of
Member 3, note the contorted thick bed at its base. • E – upper part of Member 3, showing massive oolitic dolostone in the lower part and laminated car-
bonate in the upper part. • F – laminated carbonate with δ13C values of –9‰ at the top of Member 3. • G – contact between black shale at the top of the
Doushantuo Formation and carbonate at the base of the Dengying Formation.
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black shales in its lower part, and muddy/silty dolostone in-
tercalated with medium-bedded, laminated micro-
crystalline dolostone and oolitic dolostone in its upper part
(Fig. 2C). Small black cherty nodules are intermittently
present from the lower to the upper part of this interval.
Above the lower Doushantuo Formation, thin-bedded silty
dolostone intercalated with black shales widely occur. Un-
fortunately, this interval is not very well exposed and de-
tailed measurements therefore were not made in the present
study.

The upper part of the Doushantuo Formation in this
section is a carbonate interval consisting of two parts in as-
cending order: 1) the lower 46 m is of light gray, medium-
to thick-bedded microcrystalline dolostone with abundant
black cherty interlayers or lenticular beds and irregular

cherty nodules (Fig. 2D), including a 0.9 m-thick, con-
torted bed near the base and two thin beds of dolomitic
grainstone at 23 m and 28 m, measured from the base of
this interval; and 2) the upper part (Fig. 2E) is composed of
a lower 6.2 m-thick, gray, massive oolitic dolostone
interbedded with light gray microcrystalline dolostone
(Fig. 3A, B) with an irregular karstic infilling of oolites
(5–20 cm) at the top (Fig. 3C, D); and an upper 2.5 m-thick,
gray, medium-bedded microcrystalline dolostone which is
not very well exposed (Fig. 2F).

The topmost part of the Doushantuo Formation of the
section is marked by a ca 15 m-thick carbonaceous shale
member with lenticular carbonate layers and concretions,
which is then overlain by medium-bedded dolostone of the
Hamajing Member of the Dengying Formation (Fig. 2G).

��'
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'# Field and thin section photographs of the oolitic carbonate in the upper part of Member 3 of the Doushantuo Formation in the Tianjiayuanzi
section. • A – thin section photographs of well preserved ooids of the oolitic dolostone from the horizon shown by B. • B – massive oolitic dolostone with
large cross-stratifications. • C – thin section photographs of well preserved ooids of the oolitic dolostone from the horizon shown by D. • D – erosional sur-
face with irregular karstic infilling of ooids at the top of Member 3.
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(# Stratigraphic log of the Tianjiayuanzi section with carbon isotope profile.
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Carbonate samples for the carbon isotope analysis were
collected with a stratigraphic spacing of approximately 1 m
in the lower and upper Doushantuo Formation in the sec-
tion. A higher sample resolution of ca 0.1 m spacing was
preformed at certain critical stratigraphic intervals such as
the cap carbonate. The middle part of Doushantuo Forma-
tion was not systematically sampled owing to poor expo-
sure in the Tianjiayuanzi section. A total of 136 dolostone
samples bearing no signs of significant diagenetic altera-
tion were analyzed. In general, a thin uniform slice was
chosen from the fragments of each sample and then pulve-
rized into a fine powder. 20 µg of powder from each sample
were reacted with orthophosphoric acid at 50 °C for more
than 24 hours in order to produce the CO2 in the laboratory
of the Nanjing Institute of Geology and Palaeontology,
Chinese Academy of Sciences. δ13C and δ18O compositi-
ons of the liberated CO2 were measured with a Finnigan
MAT-252 mass spectrometer in the State Key Laboratory
for Mineral Deposit Research, Nanjing University. Chi-
nese GBW00405 carbonate standards were used for check-
ing memory effects and isotopic calibration (δ13CPDB =
0.57 ± 0.03‰; δ18OPDB = –8.49 ± 0.13‰).

Diagenetic alternation of the isotope values were tested
through some well-established geochemical criteria. For
example, carbonate rocks with δ18O < –10‰ are often
thought of as having been affected by diagenesis, while
positive correlation between δ13C and δ18O is generally re-
garded as a sign of altered δ13C compositions (Derry et al.
1992, Kaufman & Knoll 1995). The linear relationship be-
tween δ13C and δ18O values of the cap carbonate samples
(R2 = 0.672) indicates substantial diagenetic alteration of
the majority of cap carbonate samples, possibly resulting
from dolomitization. However, the data from the remain-
ing samples in the section do not show obvious co-varia-
tion between δ13C and δ18O values, suggesting that the car-
bonate samples analyzed were not significantly affected by
diagenesis and have retained the primary δ13C composition
of seawater carbonate (Fig. 4).

δ18O values of the Doushantuo Formation in the Tian-
jiayuanzi section are relatively invariant. In contrast, the
δ13C values exhibit significant change through the entire
Doushantuo Formation of the section (Fig. 4; Table 1).
δ13C values of the cap dolostone are highly variable rang-
ing from –2.4‰ to –18.7‰. The extremely negative δ13C
values (–11.6‰ ~ –18.7‰) are obtained from the 0.2 m-thick
microcrystalline dolostone in the topmost part of the cap
carbonate. Although high-resolution microcrystalline car-
bonate samples are unavailable, δ13C values in the lower
part (2.8~51.4 m) of the Doushantuo Formation in the sec-
tion show a distinct fluctuation between +2‰ to +7‰
without noticeable excursions. δ13C values decrease pro-
gressively from +4.5‰ to 0‰ across a ca 40 m interval of

the lower and middle dolostone interval with cherty
interlayers in the upper part of the Doushantuo Formation.
The overlying pronounced negative δ13C excursion
(DOUNCE) spans a ca 32 m-thick interval and exhibits a
nadir down to –9.6‰. The DOUNCE can be subdivided
into three stages in this section: 1) a decreasing stage from
δ13C values of around 0‰ to –7.4‰ through the upper
dolostone interval with cherty interlayers and oolitic inter-
beds; 2) a middle stage with δ13C values remaining low be-
tween –7.4‰ and –9.6‰, ranging from a 2.5 m-thick
microcrystalline dolostone to the base of the Dengying
Formation and thereby span the ca 15 m interval of the car-
bonaceous shale member of the topmost part of the
Doushantuo Formation; and 3) a stage of increasing δ13C
values from –9‰ up to +2.6‰ over a 3.9 m interval of
massive dolostone at the base of the Dengying Formation.
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The Doushantuo Formation in the Yangtze Gorges area can
be subdivided into four members: 1) Member 1 is represen-
ted by the cap carbonate at the base; 2) Member 2 is charac-
terized by interbedded black shale and silty dolostone;
3) Member 3 consists of carbonate with chert nodules; and
4) Member 4 (Miaohe Member) is a black shale interval at
the top of the formation (Wang et al. 1998). The lithostra-
tigraphic subdivision of the Doushantuo Formation into
four members is very useful and has been widely applied to
sections in the Yangtze Gorges. However, the subdivision
cannot generally be applied to sections outside the Yangtze
Gorges, or even in nearby sections in the northern area of
the Huangling Anticline (Fig. 1; Zhu et al. 2007b). Since
the Doushantuo Formation represents deposition in an epi-
continental basin with a very complex seafloor topography
inherited from the Nantuo glaciation, it exhibits remar-
kable variations in thickness, facies and lithology in diffe-
rent parts of the Yangtze Platform (Zhu et al. 2007b, Jiang
et al. 2011), therefore, as pointed out by Zhu et al. (2003),
the widespread application of a lithostratigraphic subdivi-
sion based on the sequence in the Yangtze Gorges should
be abandoned. Recent investigations indicate that sequence
stratigraphy is a more practical tool for subdivision and
correlation of the Doushantuo Formation (Jiang et al.
2003b, Zhu et al. 2007b) because the sequence surfaces are
usually bounded by evidence of subaerial exposure, non-
deposition, or an abrupt superposition of disparate facies in
the field (Van Wagoner et al. 1990).

Based on investigation of a number of sections
throughout the entire Yangtze Platform, Zhu et al. (2007b)
recognized two major sequence boundaries within the
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"# δ13C and δ18O data of samples from the Tianjiayuanzi section (Yangtze Gorges), Yichang, Hubei Province.

Sample Depth (m) δ13CPDB δ18OPDB Sample Depth (m) δ13CPDB δ18OPDB Sample Depth (m) δ13CPDB δ18OPDB

TJA 0.7 0.7 –2.4 –8.1 TJI 6.0 6.0 3.6 –4.3 TJC–9.7 42.5 –0.1 –3.6

TJA 0.9 0.9 –2.7 –6.1 TJI 7.0 7.0 3.2 –4.0 TJC–8.0 44.2 –0.6 –3.0

TJA 1.7 1.7 –3.1 –6.4 TJI 7.9 7.9 2.9 –4.5 TJC–7.2 45.0 –1.1 –3.3

TJA 2.1 2.1 –3.4 –7.2 TJI 8.1 8.1 3.0 –4.4 TJC–6.9 45.3 –0.9 –3.3

TJA 2.3 2.3 –4.0 –7.6 TJI 9.0 9.0 3.0 –4.3 TJC–6.5 45.7 –1.2 –3.3

TJA 2.4 2.4 –3.8 –6.9 TJI 10.0 10.0 2.8 –3.8 TJC–6.3 45.9 –1.4 –2.9

TJA 2.45 2.5 –3.8 –6.6 TJI 11.0 11.0 3.4 –3.5 TJC–5.8 46.4 / /

TJA 2.5 2.5 –3.7 –7.0 TJI 12.0 12.0 3.6 –3.3 TJC–5.4 46.8 –1.8 –3.6

TJA 2.55 2.6 –3.9 –6.9 TJI 13.0 13.0 3.5 –3.7 TJC–3.0 49.1 –2.3 –5.3

TJA 2.6 2.6 –11.6 –7.3 TJI 13.6 13.6 2.0 –4.4 TJC–2.4 49.7 –2.1 –5.5

TJA 2.65 2.7 –13.8 –8.3 TJI 14.0 14.0 3.1 –3.7 TJC–1.6 50.6 –3.1 –5.1

TJA 2.7 2.7 –9.7 –9.3 TJI 15.0 15.0 2.5 –4.4 TJC–1.0 51.2 –4.5 –6.1

TJA 2.8 2.8 –18.7 –12.3 TJI 16.0 16.0 2.4 –4.7 TJC–0.01 52.2 –7.4 –5.2

TJA 5.7 5.7 2.7 –4.2 TJI 17.0 17.0 1.1 –5.5 TJC 0.01 52.2 –9.2 –4.1

TJA 5.9 5.9 2.7 –5.8 TJI 18.0 18.0 0.8 –5.7 TJC 0.55 52.8 –7.4 –2.7

TJA 7.8 7.8 5.5 –2.8 TJI 19.0 19.0 1.4 –5.6 TJC 1.5 53.7 –7.8 –2.7

TJA10.0 10.0 6.2 –1.2 TJI 20.0 20.0 1.0 –5.7 TJC 1.7 53.9 –8.1 –2.9

TJA 10.6 10.6 3.6 –2.8 TJI 21.0 21.0 1.5 –6.2 TJC 2.0 54.2 –8.7 –4.3

TJA 23.0 23.0 3.4 –9.0 TJI 22.0 22.0 1.0 –5.7 TJC 2.25 54.5 –9.1 –3.8

TJA 27.0 27.0 7.4 –3.7 TJI 23.0 23.0 2.7 –7.3 TJD 0.04 69.7 –9.6 –4.7

TJA 31.9 31.9 5.9 –10.7 TJI 24.0 24.0 2.2 –7.0 TJD 0.07 69.8 –9.3 –4.4

TJA 33.5 33.5 7.8 –2.8 TJI 25.0 25.0 1.9 –8.4 TJD 0.1 69.8 –7.3 –5.0

TJA 38.0 38.0 4.2 –2.7 TJI 26.0 26.0 1.4 –8.0 TJD 0.2 69.9 –9.5 –8.0

TJA 39.0 39.0 4.2 –2.6 TJI 27.0 27.0 1.4 –6.8 TJD 0.4 70.1 –6.6 –3.7

TJA 41.0 41.0 4.1 –1.5 TJI 28.0 28.0 1.6 –6.8 TJD 0.6 70.3 –7.5 –5.0

TJA 46.3 46.3 5.7 –1.4 TJI 28.1 28.1 0.2 –4.1 TJD 1.0 70.7 –5.2 –2.2

TJA 51.0 51.0 5.6 –4.6 TJI 29.0 29.0 0.7 –6.0 TJD 1.1 70.8 –5.1 –2.4

TJB 0.0 –1.8 4.0 –4.3 TJI 30.0 30.0 1.3 –5.8 TJD 1.6 71.3 –3.4 –1.9

TJB 0.25 –1.6 4.1 –4.1 TJI 31.0 31.0 1.1 –5.6 TJIII 1.65 71.4 –2.2 –1.4

TJB 0.35 –1.5 4.0 –4.2 TJII–20.0 32.2 3.2 –6.1 TJIII 1.7 71.4 –1.7 –1.4

TJB 0.8 –1.0 3.9 –3.5 TJI 32.5 32.5 0.7 –6.1 TJIII 1.8 71.5 –1.6 –2.9

TJB 1.0 –0.8 4.3 –4.1 TJII–19.0 33.2 1.8 –5.7 TJD 1.9 71.6 –3.1 –3.9

TJB 1.25 –0.6 4.2 –3.1 TJI 34.0 34.0 1.3 –4.3 TJIII 1.9 71.6 –1.3 –4.5

TJB 1.5 –0.3 4.0 –3.6 TJII–18.0 34.2 1.3 –4.6 TJIII 2.05 71.8 –0.6 –4.9

TJB 1.75 –0.1 4.4 –4.3 TJI 35.0 35.0 1.1 –4.2 TJIII 2.1 71.8 0.1 –4.5

TJI 0 0.0 4.3 –3.8 TJII–17.0 35.2 2.7 –7.1 TJIII 2.3 72.0 0.9 –4.7

TJB 2.05 0.3 4.1 –5.4 TJII–16.0 36.2 1.5 –6.8 TJIII 2.5 72.2 0.7 –4.0

TJB 2.4 0.6 3.9 –5.2 TJI 36.5 36.5 0.5 –3.7 TJIII 2.7 72.4 0.7 –4.5

TJI 0.7 0.7 4.6 –2.9 TJII–15.0 37.2 0.1 –4.1 TJIII 2.85 72.6 1.1 –3.5

TJB 2.8 1.0 3.9 –4.6 TJI 37.5 37.5 0.0 –3.1 TJIII 3.0 72.7 1.0 –2.5

TJI 1.2 1.2 4.0 –2.5 TJII–14.0 38.2 –1.7 –5.4 TJIII 3.2 72.9 1.6 –3.7

TJI 1.8 1.8 4.2 –2.9 TJI 38.5 38.5 –0.8 –3.5 TJIII 3.5 73.2 2.1 –3.8

TJI 2.4 2.4 4.1 –3.0 TJII–13.0 39.2 –0.8 –3.1 TJIII 3.7 73.4 2.3 –3.2

TJI 3.0 3.0 4.0 –3.6 TJI 39.5 39.5 –1.3 –2.5 TJIII 3.9 73.6 2.7 –4.3

TJI 4.0 4.0 3.7 –3.6 TJC–12.0 40.2 0.1 –4.8

TJI 5.0 5.0 3.5 –3.6 TJC–11.1 41.1 0.5 –4.0
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Doushantuo Formation which are more easily traceable
into shallow water facies sections, such as in the central
Guizhou and northwestern Hubei provinces. However, the
sequence boundary in the middle of the Doushantuo For-
mation is scarcely recognizable in sections of the Yangtze
Gorges area, although it can be traced into northerly sec-
tions (Xiaofenghe and Zhangcunping sections) of the
Huangling Anticline. Nevertheless, a surface of abrupt
change in the stacking of parasequences in the middle of
Member 2 at Wuhe (= Huajipo) and Jiulongwan sections (ca
59 m above the base of the Doushantuo Formation) may be
equivalent to the middle Doushantuo sequence boundary
(Fig. 5; fig. 16D–F in Zhu et al. 2007b). In the Tianjiayuanzi
section, the middle sequence boundary is not visible because
of poor outcrop exposure. Nonetheless, the highstand sys-
tems tract (HST) of Sequence 1 of the Doushantuo Forma-
tion is well developed in the lower part of Member 2, and
characterized by a carbonate-rich interval with occasional
oolites from 30–40 m above the base of the formation
(Fig. 2C). Therefore, the sequence boundary at the top of Se-
quence 1 of the Doushantuo Formation is inferred to lie at a
level ca 40 m above the base of the formation in the Tian-
jiayuanzi section. The carbonate-rich interval with oolites in
the lower Member 2 of the Tianjiayuanzi section is similar to
the Xiaofenghe section in northern Yichang, but does not
occur in the other sections of the Yangtze Gorges area.

Sequence 2 of the Doushantuo Formation consists of
the upper part of Member 2 and Member 3, and this is con-
sistent throughout all sections of the Yangtze Gorges area.
The black shale with intercalations of silty dolostone in the
upper part of Member 2 represents a condensed sequence,
whilst the dolostone with black cherty interlayers of Mem-
ber 3 represents the highstand systems tract. A 0.9 m-thick
contorted layer at the basal part of Member 3 in the
Tianjiayuanzi section marks enhanced sediment transport
rates during the early stages of regression. The late stages
of regression are recorded by the deposits coarsening up-
ward from grainstone to oolites, indicating very shallow
depositional depths at the top of Sequence 2 in the
Tianjiayuanzi section. It should be noted that there are
three thick slumped beds in the upper part of Sequence 2 of
the Doushantuo Formation in the Sixi section (Fig. 5),
which is interpreted to represent an intra-shelf slope facies
in the southwestern limb of the Huangling Anticline (Lu et
al. 2009). Sliding can remove strata to the deeper portions
of the basin, leading to erosional hiatuses or reduplication
of the same succession. The sequence boundary at the top
of Sequence 2 is marked by an erosional surface with irreg-
ular karstic infilling of ooids in the Tianjiayuanzi section
(Fig. 3D). The sequence boundary is distinguishable in the
well-known Jiulongwan section, where it is characterized
by a thin shaly interval between the thick-bedded dolostone
and finely laminated dolostone, corresponding to the rapid
sea-level rise of Sequence 3 of the Doushantuo Formation.

Sequence 3 begins with a ca 3 m thick interval of lami-
nated micritic dolostone in the Tianjiayuanzi section. The
corresponding interval is variable in other sections of the
Yangtze Gorges area. In the Jiulongwan section, the inter-
val is of ca 30 m thick consisting of millimeter-scale alter-
nating bands of limestone and dolostone (Fig. 5; Zhu et al.
2007b) but is absent in the Sixi section because of slump-
ing (Fig. 5; Lu et al. 2009). The carbonate interval at the
base of Sequence 3 represents a transgressive systems tract
which is overlain by a condensed sequence of black shale
marking the top of the Doushantuo Formation.

�����	
��

����������
������	���
��

�����

���
��
�������
��������	

Previous chemostratigraphic studies indicate that there
are three pronounced negative carbon isotope excursions
within the Doushantuo Formation on the Yangtze Plat-
form (Jiang et al. 2007, Zhou & Xiao 2007, Zhu et al.
2007b). The first one (N1, CANCE in Zhu et al. 2007a)
with δ13C values ranging from –2‰ to –5‰ appears in
the cap carbonate at the base of the Doushantuo Forma-
tion in every section of the central and southeastern Yang-
tze Platform. Unusually negative δ13C values with a na-
dir down to –18‰ ~ –36‰ in the cap carbonates were
detected in a few sections in the Yangtze Gorges area
and its vicinity, and were considered to be evidence for
gas hydrate destabilization during postglacial warming
(Jiang et al. 2003a, Wang et al. 2008). Similarly nega-
tive δ13C values (–11.6‰ ~ –18.7‰) are also recorded in
the cap carbonate of the Tianjiayuanzi section (Fig. 4).
However, these extremely negative δ13C values occur in
the top part of the cap carbonate, casting doubt that the
vein structures at the basal part of the cap carbonate may
be related to methane seeps (Jiang et al. 2006, Zhou et al.
2010).

The second carbon isotope excursion (N2) occurs in the
middle Doushantuo Formation. It should be pointed out
that the stratigraphic horizon of N2 proposed by Zhu et al.
(2007b) is not consistent with that in Jiang et al. (2007) and
Zhou & Xiao (2007), since Zhu et al.’s data are based on 12
sections throughout the Yangtze Platform, whereas the lat-
ter authors’ data are based on sections in the Yangtze
Gorges area mainly. According to Zhu et al.’s (2007b)
data, the N2 (WANCE in Zhu et al. 2007a) appears near the
sequence boundary at the middle of the Doushantuo For-
mation with δ13C values shifting from +6‰ to –1‰. The
WANCE is not seen in the Tianjiayuanzi section because
of poor outcrop exposure. But it is well recorded in a drill
core section in the Yangtze Gorges (Fig. 5; Sawaki et al.
2010). The position of the WANCE in the drill core is at ap-
proximately the same stratigraphic level as the 59 m level
in the Jiulongwan section, where a sequence boundary can
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be extrapolated (see above) in the middle Doushantuo For-
mation (Fig. 5).

The N2 (or EN2) excursion proposed by Jiang et al.
(2007) and Zhou & Xiao (2007) occurs near the boundary
between Member 2 and Member 3 (Fig. 5) and represents
another carbon isotope excursion above the WANCE in the
middle Doushantuo Formation. The excursion seems to be
present in the Tianjiayuanzi section according to a previous
study (Chu et al. 2003), but could not be confirmed by the
present study because of poor exposure of the correspond-
ing horizon. This excursion (N3 in Fig. 5) has yet to be doc-
umented in any section outside the Yangtze Gorges area. It
thus certainly need to be established in future studies
whether the excursion represents a local or a more widely
distributed event.

The DOUNCE with δ13C values down to –9‰ at the
top of the Doushantuo Formation is regarded to coincide
with the Shuram/Wonoka excursion which is documented
in Ediacaran sequences all over the world, and thus repre-
sent a global event (Condon et al. 2005, Halverson et al.
2005, Kaufman et al. 2006, Zhu et al. 2007b, Melezhik et
al. 2009, Le Guerroué & Cozzi 2010, Swanson-Hysell et
al. 2010). The DOUNCE is well recorded in the sections of
the Yangtze Gorges area (Condon et al. 2005, Jiang et al.
2007, Zhu et al. 2007b, Sawaki et al. 2010). However, it
shows dramatic variation between different sections as dis-
cussed in detail by Lu et al. (2009; Fig. 5). The DOUNCE
in the Tianjiayuanzi section has not been documented by
any previous studies possibly due to sporadic sampling
without high-resolution stratigraphic control (Chu et al.
2003). Present data show that the DOUNCE is also re-
corded in the Tianjiayuanzi section and consists of three
stages as shown in the Jiulongwan section. The excursion
starts with steadily falling δ13C values across a ca 15 m
thick carbonate interval with oolites, before δ13C values
reach a nadir of –9‰ in a 3 m-thick unit of laminated
dolostone above the second sequence boundary in the up-
per part of the Doushantuo Formation (Fig. 4). Although
there are no available δ13C data from the black shale unit
(Miaohe Member) at the top of the Doushantuo Formation,
it can be inferred that the nadir of the δ13C values crosses
the entire interval of the black shale because δ13C data ex-
hibit steadily increasing values from –9.5‰ up to +2.6‰
within a 4 m interval at the base of the Dengying Formation
(Fig. 4). This is the first time that it could be demonstrated
that the nadir of the DOUNCE remains unchanged through
the entire black shale unit of the Miaohe Member, and that
δ13C values begin to recover at the base of the Dengying
Formation which was dated at 551 Ma (Condon et al. 2005).
In comparison with the δ13C profile from the Jiulongwan
outcrop and drill core sections in the Yangtze Gorges area,
the interval of the δ13C nadir is much thinner in the
Tianjiayuanzi section. The absence of such a nadir in the
Sixi section can be attributed to slumping (Lu et al. 2009).
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As shown in the Fig. 5, the Doushantuo Formation succes-
sion varies in thickness and lithofacies between different
sections in the Yangtze Gorges area, suggesting conside-
rable changes in sedimentary facies during the deposition of
the Doushantuo Formation. Such lithological variation ma-
kes high-resolution stratigraphic correlation of the Doushan-
tuo Formation between sections difficult not only within the
Yangtze Gorges area but also in different areas of the Yang-
tze Platform. Such a correlation problem can be resolved
through high-resolution carbon isotope chemostratigraphy
and sequence stratigraphy with detailed sedimentary analy-
sis. In comparison to previous studies of the Tianjiayuanzi
section (Fig. 5; Chu et al. 2003), the present investigation
provides a good example of the importance of high resolu-
tion sampling for chemostratigraphy as well as of the detai-
led lithofacies analysis for sequence stratigraphy.

Based on correlations of carbon isotope chemo-
stratigraphy and sequence stratigraphy between the sec-
tions of the Yangtze Gorges area, we conclude that there
are four negative carbon isotope excursions in the Dou-
shantuo Formation in the Yangtze Gorges area (Fig. 5).
The N1 (CANCE) occurs within the cap carbonate interval
at the base of the formation, and extreme negative δ13C val-
ues are recorded in most of the sections in the Yangtze
Gorges area. The N2 (WANCE) with δ13C values shifting
from +6‰ to –1‰ appears in the middle of the Member 2
in a horizon equivalent to a major sequence boundary in the
middle part of the formation. It is too difficult to interpret the
extremely negative δ13C values of the N3 with a nadir down
to –9‰ (usually is –2‰ ~ –5‰) which is reported by Jiang
et al. (2007), because it has not yet been confirmed by data
from other outcrop sections or even the well preserved
drill-core section near Jiulongwan (Sawaki et al. 2010). To
clarify this uncertainty, more high resolution δ13C data are
needed in future from better outcrop sections. The N3 occurs
in a horizon near the boundary between Member 2 and
Member 3 of the formation, where δ13C values decrease to
–6‰. The N4 (DOUNCE) represents the most distinct nega-
tive carbon isotope excursion with a nadir of δ13C values
down to –9.6 ‰ at the top of the formation.

Sequence stratigraphy of the Tianjiayuanzi section con-
firms the presence of a sequence boundary with a karstic sur-
face in the upper Doushantuo Formation, which coincides
with a horizon where the nadir of δ13C of the DOUNCE be-
gins. The base of the black shale member at the top of the
Doushantuo Formation was considered to be a sequence
boundary (Condon et al. 2005, Zhu et al. 2007b), but repre-
sents a flooding surface. The coincidence of the nadir of δ13C
values within the DOUNCE starting at a sequence boundary
is consistent with that shown by the Shuram excursion in
Oman (Le Guerroué et al. 2006a, b), and provides further
support to correlation of the DOUNCE with the Shuram
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excursion. Finally, the interval with the most negative δ13C
values (nadir –9.5‰) is shown to extend throughout the entire
black shale member at the top of the Doushantuo Formation
by new δ13C data from the base of the Dengying Formation.
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