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A globally recorded negative carbon isotope excursion characterizes the transition from Cambrian Series 2 to
Cambrian Series 3. This transition is also well exposed in sedimentary successions on the Yangtze Platform,
and the Wuliu–Zengjiayan section, Guizhou Province, South China has been proposed as a potential Global
Stratotype Section and Point (GSSP) for this boundary. Here, we report δ13Ccarb values for the Jianshan and
the Wuliu–Zengjiayan sections. Both sections display a progressive decrease in δ13C from values around +3‰
upwards in stratigraphy to a pronounced δ13Cminimumwith values as low as−6.9‰ at the proposed boundary
level, and a return to δ13C values between 0 and +1‰ in the upper part of the sections. The δ13C minimum is
thought to be caused by a transgressive event, flooding the shelf area with 13C depleted basinal anoxic bottom
water. Our δ13C data are in good agreement with carbon isotope profiles recorded elsewhere. These define the so
called ROECE event (Redlichiid–Oleneliid Extinction Carbon Isotope Excursion, cf. Zhu et al., 2006, 2007) andmay
reflect the perturbation of the global carbon cycle during the Cambrian Series 2 to Cambrian Series 3 transition.
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1. Introduction

Numerous studies across terminalNeoproterozoic andearlyCambrian
successionsworldwide revealed thegreat chemostratigraphicpotential of
high-resolution carbon isotope records (e.g., Brasier et al., 1994; Kaufman
and Knoll, 1995; Saltzman et al., 1998; Brasier and Sukhov, 1998;
Montañez et al., 2000; Saltzman et al., 2000, 2004). Substantial changes in
the carbon isotopic composition of carbonate rocks and organic matter
appear to be associated withmajor faunal boundaries in the Phanerozoic
(e.g., Holser and Magaritz, 1987; Magaritz, 1989; Zachos et al., 1989;
Saltzman et al., 2000, 2004). The transition from Cambrian Series 2 to
CambrianSeries 3 records a rise inglobal sea level, expressed in large scale
transgressive events on the continental landmasses (e.g., Montañez et al.,
2000; Hough et al., 2006). High-resolution δ13Ccarb records provide a
chemostratigraphic framework for the boundary between Cambrian
Series 2 and Cambrian Series 3 with previous studies published, e.g., by
Donnelly et al. (1988), Brasier (1992), Brasier and Sukhov (1998),
Montañez et al. (2000), Zhu et al. (2004), Guo et al. (2005), Wotte et al.
(2007), Dilliard et al. (2007), and Shabanov et al. (2008).
A succession of carbonates and siliciclastic sediments across the
Cambrian Series 2 to Cambrian Series 3 boundary at the Wuliu–
Zengjiayan section, Balang village, Taijiang County, Guizhou Province,
South China (Fig. 1) has been proposed as a potential Global
Stratotype Section and Point (GSSP) for this boundary (Sundberg
et al., 1999; Zhao et al., 2001a, b). Here, we report high-resolution
carbonate carbon isotope data for two sections across this interval at
Jianshan and Balang, Kaili area, Yangtze Platform, South China. The
objective of this study was to investigate the link between δ13C
variations and geological and paleoenvironmental changes of global
importance as well as to provide additional data for a global
chemostratigraphic subdivision of the boundary from Cambrian Series
2 to Cambrian Series 3.

2. Paleogeographical evolution on the Yangtze Platform

The two sections studied here are located on the Yangtze Platform,
South China. During Cambrian times, they were situated in a low
latitude position (Fig. 2A). Sediments of the Kaili Formation were
deposited in a shelf environment (Fig. 2B) presumably in a water
depth between 90 and 300 m (Zhang et al., 1996). The transgressive
event proposed for the boundary from Cambrian Series 2 to Cambrian
Series 3 resulted in temporal changes in the depositional environ-
ment, with parts of the shelf being flooded with less oxygenated
basinal bottom waters. This was accompanied by a change in the
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Fig. 1. Map showing the location of the Wuliu–Zengjiayan and Jianshan sections at Balang and Chuandong villages, Guizhou Province, South China.

Fig. 2. Paleogeography of the studied successions: (A) Paleogeographic map for the Cambrian (after Scotese and McKerrow, 1990; Saltzman et al., 2000); (B) schematic view of the
depositional environment at the studied sections (after Zhang et al., 1996).
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pertinent trilobite fauna (e.g., Zhao et al., 2008). The transition from
Cambrian Series 2 to Cambrian Series 3 is located at 44.25 m above the
base of the Kaili formation in the Jianshan section and at 52.8 m above
the base of the Kaili formation atWuliu–Zengjiayan, based on the First
Appearance Datum (FAD) of Oryctocephalus indicus.

3. Samples and analytical methods

This study focused on sediments around the boundary from
Cambrian Series 2 to Cambrian Series 3 on the Yangtze Platform,
South China, specifically from the Jianshan and the Wuliu–Zengjiayan
sections (Fig. 1). 37 samples were collected at Jianshan. In addition,
and complementary to our previous study (Guo et al., 2005), 26
samples were collected at Balang, extending the published isotope
record specifically into the Cambrian Series 3. Lithologies range from
pure carbonates to carbonate bearing mudstones.

Prior to geochemical analyses, clean sample interiors were chipped
and pulverized (200 mesh). Subsequently, they were analyzed for
their total carbon (TC) and total inorganic carbon (TIC) abundances.
CO2 for carbon and oxygen isotope analyses was liberated fromwhole
rock carbonates via off-line phosphorylation (cf. McCrea, 1950) with
enriched phosphoric acid (Wachter and Hayes, 1985) at 50 °C for 24 h
(limestone) or 48 h (dolomite) and subsequent cryogenic distillation.
All carbonate carbon and oxygen isotope analyses were carried out at
the Institut für Geologie und Paläontologie in Münster, Germany,
Fig. 3. δ13Ccarb profiles for the Wuliu–Zengjiayan and the Jianshan
using a ThermoFinnigan Delta Plus mass spectrometer. Results are
reported in the standard delta notation as δ13C and δ18O vs. VPDB.
Standard deviation, as determined from replicate analyses, was
usually better than 0.15 and 0.20‰ for carbon and oxygen isotopes,
respectively.

4. Results

Total inorganic carbon contents for most samples from Jianshan
section range between 6 and 12 wt.% with the exception of two
mudstone levels at 40–42 m and 57–64 m above section base. δ13C
values for sediments from the Jianshan section range from −6.9
to +3.1‰ (n=31)(Fig. 3, Table 1). A clearly discernible stratigraphic
variation in δ13C, including a most pronounced minimum in δ13C at
44 m above the base of section, appears to be independent of TIC
values. Mudstones with TIC values below 1.2 wt.% show carbon
isotope values between −4.1 and −1.5‰, whereas samples with a
TIC value above 6 wt.% are characterized by δ13C values between−6.9
and +3.1‰. In particular, two samples with extremely 13C-depleted
carbon isotope values of −6.9‰ show TIC values of almost 10 wt.%.

The new samples from the Wuliu–Zengjiayan section are charac-
terized by highly variable TIC values ranging between less than 0.1
and almost 12 wt.%. Whole rock carbonate carbon isotope values for
these new samples vary between −1.1 and +2.4‰ (n=26) (Fig. 3,
Table 2), extending the total variation for the entire section to a range
sections, Guizhou Province, Yangtze Platform, South China.



Table 1
Analytical results for sediments from the Jianshan section, Guizhou Province, South China.

Sample Stratigraphy Depth Lithology δ13Ccarb δ18Ocarb TC TIC TOC TS
(m) [‰, VPDB] [‰, VPDB] (wt.%) (wt.%) (wt.%) (wt.%)

CD500 Qingxudong Fm. 0 Dolomite
CD501 Kaili Fm. 0.3 Limestone −0.3 −7.7 11.78
CD502 Kaili Fm. 1.3 Limestone −0.2 −7.6 11.66 11.08 0.58 0.00
CD503 Kaili Fm. 2.8 Limestone 0.2 −7.6 11.22 10.93 0.29 0.00
CD504 Kaili Fm. 3.8 Limestone 2.8 −7.6 9.47 9.31 0.15 0.32
CD505 Kaili Fm. 5.8 Limestone 2.1 −8.3 8.65 8.05 0.61 0.13
CD506 Kaili Fm. 8.3 Limestone 2.0 −8.5 8.88 8.53 0.35 0.29
CD507 Kaili Fm. 10.3 Limestone 2.3 −8.9 8.58 8.12 0.46 0.08
CD508 Kaili Fm. 12.2 Limestone 2.3 −8.8 8.91 8.38 0.53 0.22
CD509 Kaili Fm. 13.8 Limestone 3.1 −7.3 10.19 9.71 0.48 0.05
CD510 Kaili Fm. 15.5 Limestone 2.5 −7.6 10.48 10.06 0.42 0.00
CD511 Kaili Fm. 17.0 Limestone 0.6 −8.4 7.95 7.55 0.40 0.10
CD512 Kaili Fm. 18.0 Limestone 1.2 −8.1 8.12 7.72 0.40 0.00
CD525 Kaili Fm. 24.4 Limestone 0.7 −7.1 7.67 7.45 0.22 0.01
CD527 Kaili Fm. 37.2 Limestone 0.0 −7.0 8.32 8.01 0.31 0.00
CD528 Kaili Fm. 40.2 Muddy limestone −3.2 −2.5 1.23 0.57 0.66 0.01
CD530 Kaili Fm. 42.1 Muddy limestone −4.1 −3.3 0.75 0.50 0.25 0.01
CD531 Kaili Fm. 43.1 Limestone −2.1 −6.0 1.63 1.14 0.50 0.65
CD513 Kaili Fm. 44.0 Limestone −6.8 −7.1 9.76 9.74 0.02 0.01
CD513-1 Kaili Fm. 44.7 Limestone −6.9 −6.4 9.87 9.74 0.14 0.02
CD533 Kaili Fm. 47.1 Calcareous mudstone −2.8 −4.0 0.62 0.19 0.44 0.01
CD534 Kaili Fm. 49.0 Calcareous mudstone −2.6 −5.0 0.60 0.42 0.18 0.00
CD535 Kaili Fm. 51.0 Calcareous mudstone −1.5 −5.6 0.70 0.34 0.36 0.02
CD536 Kaili Fm. 57.5 Calcareous mudstone −2.4 −4.8 0.79 0.41 0.38 0.01
CD537 Kaili Fm. 64.5 Muddy limestone −2.3 −5.8 1.47 1.09 0.38 0.01
CD514 Kaili Fm. 71.0 Limestone −0.7 −8.5 7.94 7.60 0.34 0.00
CD515 Kaili Fm. 76.7 Limestone −2.3 −7.5 9.24 9.12 0.12 0.00
CD516 Kaili Fm. 78.0 Limestone −0.6 −9.9 4.44 3.88 0.56 0.40
CD517 Kaili Fm. 78.2 Limestone −1.0 −7.7 9.08 8.92 0.16 0.00
CD518 Kaili Fm. 80.0 Limestone 0.0 −7.8 9.08 8.75 0.33 0.00
CD519 Kaili Fm. 81.0 Limestone −0.4 −7.9 8.39 8.30 0.09 0.09
CD521 Kaili Fm. 90.0 Limestone 0.3 −7.7 8.58 6.34 2.24 0.00
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from −2.7 to +3.1‰ (n=90, including data presented by Guo et al.
(2005). Again, a stratigraphic variation in δ13C is clearly discernible.

5. Discussion

Samples studied from the Jianshan section belong to the Kaili
Formation and reflect a stratigraphic profile across the boundary from
Cambrian Series 2 to Cambrian Series 3. Chemostratigraphically, the
section is characterized by a carbonate carbon isotope trend from
values around +2‰ in the lower part to a progressive evolution
towards more 13C depleted values. The immediate boundary level
between the two Cambrian Series is characterized by a pronounced
δ13C minimum at −6.9‰. Notably, this shift in δ13C occurs within a
thick limestone package and is, hence, independent of lithology.
Furthermore, it is independent of respective abundances of total
inorganic (ranging from 7.5 to 11.8 wt.%) as well as total organic
carbon (below 0.7 wt.%). Moreover, δ18O values throughout this
lower part of the section vary between−8.9 and−6.4‰ (n=15) for
carbonate samples with TIC values between 6 and 12 wt.%, whereas
three mudstones with TIC values below 1.2 wt.% show δ18O values
between −6.0 and −2.5‰. In general, although some diagenetic
alteration cannot be excluded, the absence of any clear correlation
between parameters considered to represent reliable indicators for a
diagenetic overprint (Fig. 4) is taken as evidence that the measured
carbonate carbon isotope values have not been altered substantially.
Hence, variations in δ13C are considered to reflect a near-primary
signal, including the most pronounced isotopic minimum at the
boundary from Cambrian Series 2 to Cambrian Series 3. Following this
minimum, δ13C returns to values around 0‰.

The much thicker Wuliu–Zengjiayan section can be correlated
with the succession at Jianshan on the basis of paleontological
evidence with a most notable change in the trilobite assemblage
defining the boundary (Zhao et al., 2008). The Qingxudong Formation
in the lower part of the section displays substantial fluctuations in
δ13C, including a minimum value of −1.9‰. The overlying Kaili
Formation starts with a limestone package that records a progressive,
yet non-linear evolution towards more 13C-depleted carbonate
carbon isotope values. This trend continues upwards to the boundary
level from Cambrian Series 2 to Cambrian Series 3. The boundary
itself, located at 65 m above the base of the section (and 54 m above
the base of the Kaili Formation), is characterized by a minimum in the
carbonate carbon isotope record, with a δ13C value of −2.7‰. The
boundary is located within a succession of mudstones overlying the
limestones of the Kaili Formation and is not associated with any
lithological change. Moreover, no strong correlations between
carbonate carbon and oxygen as well as between carbonate carbon/
oxygen and TIC value are discernible (Tables 1, 2; figures not shown).
Again, these observations are collectively taken as evidence that the
observed shift in δ13C is reflecting near-primary variations and are not
a result of secondary processes in the diagenetic realm.

Above the Cambrian Series 2 to Cambrian Series 3 boundary, the
carbonate carbon signature shifts to δ13C values around 0‰ and remains
more or less invariable for the remaining part of the Kaili Formation.

Further support for our view that the variations in δ13C reflect a
primary signal is provided by the fact that the position of the observed
negative shift in δ13C can be correlated with a similar chemostrati-
graphic evolution in other sections on the Yangtze Platform (Zhu
et al., 2004), in a composite profile across this boundary from the US
(Montañez et al., 2000), and in the respective successions in Siberia
(Shabanov et al., 2008), and Canada (Dilliard et al., 2007) (Fig. 5).
Although differences, both in the magnitude of this shift as well as the
absolute minimum δ13C value exist among the sections studied, the



Table 2
Analytical results for sediments from the Wuliu−Zengjiayan section, Guizhou Province, South China.

Sample Stratigraphy Depth Lithology δ13Ccarb δ18Ocarb TC TIC TOC TS
(m) [‰, VPDB] [‰, VPDB] (wt.%) (wt.%) (wt.%) (wt.%)

1 Qingxudong Fm. 0.0 Dolomite 0.8 −6.8 11.11 10.38 0.73 0.10
2 Qingxudong Fm. 1.0 Dolomite 0.9 −6.2 11.08 10.95 0.12 0.01
3 Qingxudong Fm. 2.0 Dolomite 2.1 −7.6 10.16 9.47 0.69 0.06
4 Qingxudong Fm. 3.0 Dolomite 2.2 −7.7 8.69 7.96 0.74 0.10
5 Qingxudong Fm. 10.0 Dolomite −0.3 −6.1 0.09
6 Qingxudong Fm. 11.3 Dolomite −0.7 −6.2 12.53 12.46 0.07 0.03
7 Kaili Fm. 11.6 Limestone −1.9 −6.5 11.51 11.37 0.13 0.02
8 Kaili Fm. 11.9 Limestone 2.4 −7.2 9.09 8.81 0.28 0.07
9 Kaili Fm. 12.2 Limestone 2.5 −6.9 0.43 0.89
10 Kaili Fm. 13.1 Limestone 2.7 −6.8 0.20 0.10
11 Kaili Fm. 13.9 Limestone 2.7 −6.6 0.42 0.05
12 Kaili Fm. 14.6 Limestone 2.0 −7.2 0.61 0.39
13 Kaili Fm. 15.4 Limestone 3.1 −6.9 0.40 0.21
14 Kaili Fm. 16.1 Limestone 2.4 −7.5 0.41 0.14
15 Kaili Fm. 18.0 Muddy limestone 2.3 −7.5 0.46 0.10
16 Kaili Fm. 18.2 Mudstone 6.50 0.39
17 Kaili Fm. 18.4 Limestone 2.4 −7.5 8.68 8.13 0.56 0.16
18 Kaili Fm. 19.3 Silty limestone 2.3 −7.5 0.94 0.10
19 Kaili Fm. 20.4 Mudstone 6.03 0.50
20 Kaili Fm. 21.3 Limestone 1.9 −6.1 10.46 10.20 0.27 0.01
21 Kaili Fm. 22.2 Muddy limestone 2.4 −7.6 0.48 0.47
22 Kaili Fm. 23.0 Muddy limestone 2.4 −7.8 0.30 0.25
23 Kaili Fm. 23.6 Limestone 2.3 −7.6 0.81 0.18
24 Kaili Fm. 24.3 Muddy limestone 1.9 −7.7 0.52 0.15
25 Kaili Fm. 24.8 Muddy limestone 1.4 −8.3 7.71 7.36 0.35 0.06
26 Kaili Fm. 25.3 Muddy limestone 1.4 −8.2 0.13
27 Kaili Fm. 26.3 Muddy limestone 0.9 −8.4 0.60
28 Kaili Fm. 27.3 Muddy limestone 1.1 −8.3 0.09
29 Kaili Fm. 28.5 Muddy limestone 0.9 −8.0 6.64 6.22 0.42 0.00
30 Kaili Fm. 28.9 Silty limestone 0.5 −8.4 7.24 6.90 0.34 0.00
31 Kaili Fm. 29.8 Silty limestone 0.6 −7.8 7.49 7.49 0.00 0.00
32 Kaili Fm. 30.8 Silty limestone 0.5 −8.4 6.96 6.72 0.24 0.00
33 Kaili Fm. 31.5 Silty limestone 0.6 −8.7 8.05 7.50 0.54 0.00
34 Kaili Fm. 32.4 Silty limestone 0.6 −8.2 6.58 6.09 0.49 0.02
35 Kaili Fm. 33.3 Silty limestone 0.6 −8.4 8.32 8.07 0.26 0.02
36 Kaili Fm. 34.0 Silty limestone 0.9 −8.6 7.60 7.35 0.25 0.00
37 Kaili Fm. 35.0 Silty limestone 0.8 −8.6 7.55 7.30 0.26 0.00
38 Kaili Fm. 36.3 Silty limestone 0.7 −8.1 7.31 7.30 0.01 0.00
39 Kaili Fm. 37.2 Silty limestone 0.4 −7.8 7.07 7.02 0.05 0.00
40 Kaili Fm. 37.9 Silty limestone 0.3 −7.8 0.16 0.02
41 Kaili Fm. 38.8 Silty limestone 0.7 −8.2 0.00 0.01
42 Kaili Fm. 39.3 Silty limestone −0.1 −8.1 3.17 2.83 0.34 0.01
43 Kaili Fm. 39.7 Silty limestone 0.4 −8.3 0.19 0.02
44 Kaili Fm. 40.3 Muddy limestone 0.2 −8.6 4.41 4.08 0.33 0.01
45 Kaili Fm. 40.6 Silty limestone 0.3 −7.9 0.01 0.02
46 Kaili Fm. 41.3 Mudstone −1.5 −8.9 1.26 1.08 0.17 0.01
47 Kaili Fm. 42.3 Mudstone −1.3 −8.7 0.43 0.00 0.43 0.01
48 Kaili Fm. 43.8 Mudstone −1.2 −8.6 0.33 0.00 0.33 0.01
49 Kaili Fm. 44.8 Mudstone −1.2 −8.3 1.20 0.83 0.37 0.00
50 Kaili Fm. 47.3 Mudstone −1.1 −8.7 0.31 0.01 0.30 0.01
51 Kaili Fm. 49.3 Mudstone −0.9 −8.8 0.36 0.01 0.35 0.01
52 Kaili Fm. 50.8 Mudstone −1.0 −8.4 0.64 0.31 0.34 0.01
53 Kaili Fm. 51.5 Mudstone 0.02
54 Kaili Fm. 52.5 Mudstone 0.03
55 Kaili Fm. 53.2 Mudstone −0.7 −9.2 0.16 0.02
56 Kaili Fm. 54.0 Mudstone −0.4 −9.2 1.24 1.02 0.22 0.01
57 Kaili Fm. 54.9 Mudstone −2.0 −9.6 0.37 0.14 0.23 0.01
58 Kaili Fm. 55.6 Mudstone −1.1 −9.0 1.01 0.88 0.13 0.01
59 Kaili Fm. 56.0 Mudstone 0.22 0.02
60 Kaili Fm. 57.0 Mudstone 0.24 0.01
61 Kaili Fm. 57.7 Mudstone −2.0 −8.3 0.48 0.30 0.18 0.00
62 Kaili Fm. 58.5 Mudstone 0.20 0.00
63 Kaili Fm. 59.2 Mudstone −1.5 −8.6 0.55 0.37 0.18 0.00
64 Kaili Fm. 59.8 Mudstone 1.39 0.01
65 Kaili Fm. 60.4 Mudstone 0.21 0.01
66 Kaili Fm. 60.9 Mudstone 0.20 0.01
67 Kaili Fm. 61.4 Mudstone −0.3 −9.3 0.87 0.49 0.38 0.01
68 Kaili Fm. 61.6 Mudstone 0.74 0.01
69 Kaili Fm. 61.8 Mudstone −1.3 −7.1 0.69 0.40 0.29 0.00
70 Kaili Fm. 62.0 Mudstone 0.57 0.01
71 Kaili Fm. 62.2 Mudstone −1.1 −7.5 0.50 0.04 0.46 0.01
72 Kaili Fm. 62.4 Mudstone 0.28 0.01
73 Kaili Fm. 62.7 Mudstone 0.17 0.01

(continued on next page)
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Table 2 (continued)

Sample Stratigraphy Depth Lithology δ13Ccarb δ18Ocarb TC TIC TOC TS
(m) [‰, VPDB] [‰, VPDB] (wt.%) (wt.%) (wt.%) (wt.%)

74 Kaili Fm. 62.9 Mudstone 0.76 0.01
75 Kaili Fm. 63.0 Mudstone 0.20 0.01
76 Kaili Fm. 63.2 Mudstone −0.6 −9.2 0.45 0.33 0.13 0.01
77 Kaili Fm. 63.4 Mudstone 0.32 0.01
78 Kaili Fm. 63.6 Mudstone −1.3 −8.4 0.42 0.09 0.33 0.01
79 Kaili Fm. 63.8 Mudstone 0.17 0.01
80 Kaili Fm. 64.0 Mudstone −0.7 −8.1 0.28 0.00 0.28 0.01
81 Kaili Fm. 64.2 Mudstone −0.1 −9.9 1.38 1.10 0.28 0.00
82 Kaili Fm. 64.4 Mudstone −0.1 −9.4 1.75 1.48 0.27 0.00
83 Kaili Fm. 64.6 Mudstone 1.20 0.01
84 Kaili Fm. 64.8 Mudstone −0.5 −9.4 0.84 0.84 0.00 0.01
85 Kaili Fm. 65.0 Mudstone −0.6 −9.1 0.53 0.26 0.27 0.00
86 Kaili Fm. 65.2 Mudstone −2.7 −8.4 0.14 0.14 0.00 0.00
87 Kaili Fm. 65.5 Mudstone −1.6 −8.4 0.46 0.00 0.46 0.01
88 Kaili Fm. 66.3 Mudstone −1.5 −8.9 0.59 0.32 0.27 0.01
89 Kaili Fm. 66.7 Mudstone −2.4 −8.9 0.36 0.27 0.09 0.01
90 Kaili Fm. 67.3 Mudstone −1.0 −9.1 0.57 0.46 0.11 0.00
91 Kaili Fm. 68.4 Mudstone −0.6 −8.8 0.72 0.62 0.09 0.01
92 Kaili Fm. 69.6 Mudstone −0.8 −9.1 0.97 0.92 0.05 0.00
93 Kaili Fm. 71.3 Mudstone −0.6 −9.1 1.12 1.04 0.08 0.00
94 Kaili Fm. 72.5 Mudstone 0.13 0.00
95 Kaili Fm. 73.6 Mudstone 0.21 0.03
96 Kaili Fm. 74.8 Mudstone 0.43 0.00
97 Kaili Fm. 80.0 Mudstone 0.27 0.26 0.01
98 Kaili Fm. 85.0 Muddy limestone −0.6 −6.3 0.10 0.00 0.10 0.00
99 Kaili Fm. 101.0 Limestone 0.1 −4.3 5.70 5.46 0.23 0.44
100 Kaili Fm. 102.8 Limestone 0.1 −5.4 5.39 4.56 0.83 0.01
101 Kaili Fm. 107.0 Limestone −0.2 −7.6 0.00
102 Kaili Fm. 126.0 Muddy limestone −0.1 −6.2 0.00
103 Kaili Fm. 135.0 Mudstone 0.11 0.00 0.11 0.00
104 Kaili Fm. 145.0 Muddy limestone −0.1 −5.4 0.71 0.55 0.16 0.01
105 Kaili Fm. 151.0 Limestone −0.2 −3.6 11.22 11.25 −0.04 0.01
106 Kaili Fm. 156.0 Limestone −1.1 −7.4 7.16 6.93 0.24 0.03
107 Kaili Fm. 165.0 Muddy limestone −1.0 −5.9 2.76 2.62 0.14 0.00
108 Kaili Fm. 167.0 Limestone 0.1 −6.2 4.70 4.61 0.08 0.04
109 Kaili Fm. 173.0 Limestone 0.5 −6.2 3.06 2.71 0.35 0.23
110 Kaili Fm. 184.0 Limestone 0.1 −7.9 10.16 10.04 0.12 0.02
111 Kaili Fm. 190.0 Limestone −0.5 −5.2 2.93 2.44 0.49 0.67
112 Kaili Fm. 200.0 Limestone 0.8 −5.7 10.84 10.85 −0.01 0.01
113 Kaili Fm. 220.0 Limestone 0.8 −6.6 11.66 11.25 0.41 0.03
114 Jialao Fm. 225.0 Dolomite 2.0 −7.6 10.07 9.15 0.93 0.07

148 Q. Guo et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 285 (2010) 143–151
boundary from Cambrian Series 2 to Cambrian Series 3, in principle
defined on the basis of a trilobite mass extinction event (Ovatoryctocara
granulate–Bathynotusholopygus zone), is alsoassociatedwithapunctua-
ted negative shift in δ13C, the so called Redlichiid–Olenellid Extinction
Carbon isotope Excursion (ROECE; Zhu et al., 2006, 2007). Based on the
data presented here, this distinct negative excursion in the uppermost
part of Cambrian Series 2 and lowermost part of Cambrian Series 3 is
occurring in successions from Gondwana and Laurentia.

Major changes in paleogeography coupled to the rise in sea level have
been discussed in connection with the trilobite mass extinction and the
negative carbon isotope excursion (e.g., Montañez et al., 2000) at the
ROECE event. As mentioned above, this rise in sea level caused the de-
position of transgressive successions visible in Laurentian and Siberian
sections (e.g., Brasier and Sukhov, 1998; Landing and Bartowski, 1996;
Montañez et al., 2000). On the Yangtze Platform of South China, this is
expressed by the carbonate–shale successions that were studied here.
Apart from carbon, Hough et al. (2006) discussed a short-term high
magnitude shift in the sulfur isotopic composition of seawater sulfate
towards positive δ34S values. They relate this shift to the spread of anoxic
bottom water conditions during the Cambrian Series 2 to Cambrian
Series 3 transition, and speculate about a connection to the emplacement
of a large igneous province at that time. The development of inhospitable
bottomwater conditions due to the introduction of anoxic waters would
undoubtedly result in faunal extinction. Observed differences in the
magnitude of the δ13C shift between different sections on the Yangtze
Platform and worldwide could very well reflect an additional influence
on the carbonate carbon isotopic composition of more regional/local im-
portance, superimposed on the global signal.

In linking the carbonate carbon isotope signature with assumed
pertinent paleogeographical changes, we propose an environmental
model (Fig. 6) that provides an explanation for the observed temporal
changes in biogeochemistry. High δ13Ccarb values around +3‰,
measured for carbonates in the lower part of the Kaili Formation in
both profiles, attest to a high demand for dissolved inorganic carbon
during autotrophic carbon fixation in the oxygenated surface waters
and/or the enhanced burial of organic carbon. On the Yangtze
Platform, the oxygenated waters provide the habitat for the Taijiang
Fauna (Zhao et al., 1998). Whether or not anoxic bottom water
conditions prevailed in the outer shelf and deeper water environ-
ments cannot be ascertained based on the profiles studied. Through-
out the lower part of the Kaili Formation, approaching the boundary
from Cambrian Series 2 to Cambrian Series 3, δ13C values decrease to
minimum values at the level which — based on paleontological
evidence — has been suggested to mark the immediate boundary
level. Assuming that the observed decrease in δ13C is not caused by
progressive diagenetic alteration, for which there is no evidence, this
evolution records the progressive change in the carbon isotopic
composition of dissolved inorganic carbon in the water column that is
utilized for carbonate precipitation.

In terms of global carbon cycling, decreasing carbon isotope values
could either reflect a decrease in carbon fixation and/or a decrease in
organic carbon burial (e.g., Hayes et al., 1999). Alternatively and/or in



Fig. 4. Cross-plot of δ13Ccarb and δ18Ocarb for all samples.
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addition, the upwelling of water with dissolved inorganic carbon
carrying a 13C depleted signature due to recycling of organic matter or
enhanced weathering of organic carbon bearing rocks on the continents
and subsequent delivery of 13C depleted dissolved inorganic carbon into
the ocean, could be responsible for the observed change in δ13C. In
accordance with a proposed rise in global sea level and the transgressive
Fig. 5. Comparison of temporal variations in δ13Ccarb across the boundary from Cambrian Seri
section, China (this study), (C) Wangcun section, China (Zhu et al., 2004), (D) Rocky Moun
2008) and (F) Sekwi Formation, Canada (Dilliard et al., 2007).
flooding of continental areas, the recorded decrease in δ13C is interpreted
to reflect theprogressiveflushingof anoxic bottomwaterswith anegative
carbon isotope signature for dissolved inorganic carbon from deeper
water areas previously located on the outer shelf to the inner shelf area of
the Yangtze Platform. This signature was then incorporated into
subsequently precipitating carbonate. When comparing the two studied
sections, observed differences in the absolute δ13C values for the carbon
isotope minima are viewed to record regional/local conditions super-
imposed on the global carbon isotope evolution. The generally more 13C
depleted signature for samples from the Jianshan section could reflect a
closer proximity to the source of 13C depleted water during upwelling.

Following the δ13C minimum, carbon isotope values increase again
to slightly positive values, indicating the recovery of the system. The
sediments of the upper Kaili Formation (Cambrian Series 3) are
characterized by δ13C values around 0‰, well in accordance with
carbon isotope data recorded by Zhu et al. (2004) for another section
on the Yangtze Platform.

6. Conclusions

New carbonate carbon isotope profiles across the boundary from
the Cambrian Series 2 to the Cambrian Series 3, measured for two
sedimentary successions on the Yangtze Platform, display clear
temporal variations in δ13C. Most notably is a carbon isotope
es 2 to Cambrian Series 3 (A)Wuliu–Zengjiayan section, China (this study), (B) Jianshan
tain section, USA (Montañez et al., 2000), (E) Molodo section, Russia (Shabanov et al.,



Fig. 6. Environmental evolution across the transition from Cambrian Series 2 to Cambrian Series 3.
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minimum at a level in stratigraphy that coincides with the paleon-
tologically defined boundary between these two Cambrian series. The
carbon isotopic evolution recorded for the sections at Jianshan and at
Wuliu–Zengjiayan is in good agreement with existing δ13C records
obtained from other sections on the Yangtze Platform and on other
continents that define the ROECE event. This strengthens the case that
the carbon isotope trend truly observed in the two sections studied here
reflects perturbations of the global carbon cycle. The global signature,
however, has been enhanced by a more regional signal, likely as a
consequence of differences in the paleogeographical setting.
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