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Abstract – Secular variations in the carbon isotopic composition of organic and carbonate carbon
characterize the Lower to Middle Cambrian transition that is exposed on the Yangtze Platform at
Taijiang, Guizhou Province, southern China. δ13C values for organic matter range between −33.4 and
−26.5 ‰. The carbon isotopic composition for carbonate carbon fluctuates between −2.7 and +3.1 ‰.
A progressive decrease in the isotopic difference (�δ) between these two isotope records reflects a
decrease in the proportional contribution of bacterial biomass to the total sedimentary organic matter. In
general, the observed changes are interpreted to reflect primary depositional values, notably variations
in the burial rates of organic matter. These, in turn, are linked to biological changes across the Lower to
Middle Cambrian transition. No distinct shift in the carbon isotopic composition marks the proposed
Lower–Middle Cambrian boundary.

Keywords: Lower–Middle Cambrian, carbon and oxygen isotopic composition, sedimentary organic
matter, chemostratigraphic correlation, China.

1. Introduction
Secular variations in the carbon isotopic composition
of carbonate and organic carbon throughout Earth’s his-
tory (e.g. Veizer et al. 1999; Hayes, Strauss & Kaufman,
1999; Jacobsen & Kaufman, 1999; Montañez et al.
2000) represent valuable proxy-signals for tectonic,
climatic, biological and environmental changes. They
offer a qualitative and quantitative way to constrain the
biogeochemical cycling of carbon on Earth. Isotope
mass balances show that secular variations reflect
temporal changes in the fractional burial of organic
carbon (e.g. Hayes, Strauss & Kaufman, 1999). A large
number of studies, particularly in terminal Neoprotero-
zoic and Early Cambrian successions, have revealed the
great chemostratigraphic potential of detailed carbon
isotope records (e.g. Brasier et al. 1994; Kaufman &
Knoll, 1995; Saltzman, Runnegar & Lohmann, 1998;
Brasier & Sukhov, 1998; Montañez et al. 2000). Fur-
thermore, substantial changes in the carbon isotopic
composition of carbonate rocks and organic matter
seem to be associated with major faunal boundaries
in the Phanerozoic (e.g. Holser & Magaritz, 1987;
Magaritz, 1989; Zachos, Arthur & Dean, 1989). Only
a few studies have been published to date on carbon
isotopes from the Lower to Middle Cambrian (e.g.
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Donnelly, Shergold & Southgate, 1988; Brasier, 1993;
Brasier & Sukhov, 1998; Montañez et al. 2000).

A succession of largely siliciclastic sediments across
the Lower to Middle Cambrian transition at Balang
village, Taijiang County, Guizhou Province, southern
China (Figs 1, 2), has recently been proposed as a
potential global stratotype for this transition (Zhao et al.
2001a). Palaeontological research at Balang has been
performed by Zhao et al. (1992, 1993, 1994, 1996),
Zhu & Zhao (1996), Yuan et al. (1997), Yuan, Zhao &
Guo (1999), Sundberg & McCollum (1997), Sundberg
et al. (1999) and Zhao et al. (2001a,b), including work
on trilobites and acritarchs. The first appearance datum
(FAD) of Oryctocephalus indicus has been proposed to
define the base of the Middle Cambrian. Subsequently,
this has been discussed by Geyer & Shergold (2000).
Rare earth element (REE) patterns and abundances of
trace elements were determined for sedimentary rocks
from this succession by Zhu & Zhao (1996), Guo,
Zhao & Yuan (1999) and Guo et al. (2001a,b).

Here, we provide data for organic carbon abundances
and isotopic compositions and carbonate carbon and
oxygen isotope results for 88 samples from the Balang
section at Taijiang County, southern China. For selected
samples, elemental abundances of Mn and Sr and
Mn/Sr and Ca/Sr ratios are given in order to constrain
carbonate diagenesis.
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Figure 1. Map showing the location of the Balang section of the
Lower–Middle Cambrian at Balang village, Taijiang County,
Guizhou Province, southern China.

Figure 2. Geological map of Taijiang, Guizhou Province (from
Zhao et al. 2001a).

2. Biostratigraphical control of the Lower–Middle
Cambrian boundary

The Kaili Formation at Balang, Taijiang County, en-
compasses the Lower–Middle Cambrian boundary. The

exposed section has a total thickness of 214.2 m and is
divided into 30 strata (GTB1–GTB30). The boundary
is tentatively placed between GTB9 and GTB10 (Zhao
et al. 1993, 1994, 1996; Guo, Zhao & Yuan, 1999;
Guo et al. 2001a,b), marking the change from the
Bathynotus–Nangaops ASS. zone to the Xingrenaspis–
Oryctocephalus zone (Zhao et al. 1993, 1996). More
precisely, the boundary level is located at the base of
bed 15 (at 52.8 m) (Zhao et al. 2001a,b). Beds 15 to
19 contain Oryctocephalus indicus, an index fossil
whose first appearance datum has been used elsewhere
to define the Lower–Middle Cambrian boundary (e.g.
Yuan et al. 1997; Sundberg & McCollum, 1997). This
level also marks the last appearance of Redlichia-type
trilobites at Taijiang (e.g. Sundberg et al. 1999). In
addition, this position of the boundary level is further
supported by acritarch studies (Yin & Yang, 1999;
Moczydłowska, 1999; Geyer & Shergold, 2000; Yang &
Yin, 2001).

In summary, the Lower–Middle Cambrian boundary
level is exposed within the Kaili Formation at Balang.
Sundberg et al. (1999) and Zhao et al. (2001a,b) con-
sider this succession a potential global stratotype and
point (GSSP) for this boundary.

3. Samples and analytical methods

Eighty-eight unweathered samples were collected from
the Lower–Middle Cambrian boundary section at
Balang for geochemical and palaeontological studies.
The stratigraphic positions for the samples are provided
in Figure 3 and Table 1. Fifty samples are mudstones
and 38 samples are carbonates. Recovered palyno-
morphs are scarce and, in most instances, occur together
with abundant finely dispersed organic matter. Prior to
geochemical analyses, all samples were chipped and
pulverized (200 mesh). Subsequently, they were studied
for their carbonate and organic carbon isotopic compos-
itions.

3.a. Carbonates

CO2 was liberated from whole rock samples via phos-
phorylation (McCrea, 1950; Zhen, Zhen & Mo, 1986)
with enriched H3PO4 at 25 ◦C for 24 hours (limestone),
50 ◦C for 24 hours (dolomite), 75 ◦C for 16 hours (dolo-
mite), and 75 ◦C for 24 hours (mudstone) (Wachter &
Hayes, 1985; Zhen, Zhen & Mo, 1986). All carbon
and oxygen isotopic compositions were measured in
the Institute of Geochemistry, Chinese Academy of
Sciences, Guiyang, China, using a Finnigan MAT 252
mass spectrometer. Data are reported in the standard
delta notation relative to the PDB Standard.

In order to constrain carbonate diagenesis, samples
were further studied for their elemental abundances of
Mn, Sr, Ca and Mg (Veizer, 1983; Popp, Anderson &
Sandberg, 1986; Kaufman, Jacobsen & Knoll, 1993;
Veizer et al. 1997, 1999). Samples were weighted and
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Figure 3. Profiles of δ13Cker and δ13Ccarb at the Balang section, Taijiang County, Guizhou Province, southern China.

digested in 3N HCl and elemental concentrations were
measured with atomic absorption spectroscopy. Results
were corrected for the amount of insoluble residue (sol-
uble (%) = (total weight – weight insoluble residue)/
(total weight)).

3.b. Organic matter

Total organic carbon (TOC) concentrations were deter-
mined gravimetrically, following the removal of carbo-
nate with 15 % HCl. Organic carbon isotopic composi-
tions were measured for the kerogen fraction. Kerogen

extraction has been performed according to a procedure
modified after Lewan (1986) and Fu & Qin (1995).

Approximately 200–300 ml of HCl (18 %) were
slowly poured into a 500 ml Teflon-beaker containing
50 g of pulverized rock. The beaker was placed into a
water bath (60–70 ◦C) for four hours and the mixture
was stirred thoroughly. Following acid digestion, the
sample–acid mixture was centrifuged and the HCl
carefully decanted. The process was repeated for
carbonate samples.

The next step involved 300–400 ml of an HCl
(18 %)–HF (40 %) mixture in order to digest the
remaining silicate residue. Again, the mixture was
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Table 1. Analytical results for sediments from the Balang section, Taijiang county

Depth δ13Cker δ13Ccarb �δ δ18Ocarb TOC Insoluble residue Ca Mg Sr Mn
Sample Unit name Lithology (m) (‰, PDB) (‰, PDB) (‰, PDB) (‰, PDB) (mgC g−1) (%) (wt %) (wt %) (ppm) (ppm) Mn/Sr Ca/Sr Mg/Ca

1 Qingxudong Fm. Dolostone 0.0 −0.3 −6.1 3.77 0.2 21.78 4.98 169 446 2.6 1285 0.23
2 Qingxudong Fm. Dolostone 1.3 −29.2 −0.7 28.5 −6.2 0.71 3.0 23.13 5.75 113 402 3.6 2044 0.25
3 Kaili Fm. Limestone 1.6 −29.9 −1.9 28.0 −6.5 1.33 5.0 38.91 0.61 189 232 1.2 2058 0.02
4 Kaili Fm. Limestone 2.2 −33.3 2.5 35.8 −6.9 4.29 18.0 39.61 0.55 547 495 0.9 725 0.01
5 Kaili Fm. Limestone 3.1 2.7 −6.8 2.01 26.5 34.46 0.64 518 1063 2.1 666 0.02
6 Kaili Fm. Limestone 3.9 −33.0 2.7 35.7 −6.6 4.22
7 Kaili Fm. Limestone 4.6 −33.4 2.0 35.5 −7.2 6.06 36.0 40.33 0.71 410 989 2.4 985 0.02
8 Kaili Fm. Limestone 5.4 −31.6 3.1 34.7 −6.9 4.00
9 Kaili Fm. Limestone 6.1 −33.0 2.4 35.3 −7.5 4.10 44.8 40.30 0.94 475 849 1.8 849 0.02

10 Kaili Fm. Muddy limestone 8.0 2.3 −7.5 4.61
11 Kaili Fm. Silty limestone 9.3 2.3 −7.5 9.37 34.0 38.84 0.77 461 710 1.5 842 0.02
12 Kaili Fm. Limestone 11.3 −31.0 1.9 32.8 −6.1 2.65 12.0 37.42 0.44 544 477 0.9 688 0.01
13 Kaili Fm. Muddy limestone 12.2 −31.0 2.4 33.4 −7.6 4.77
14 Kaili Fm. Muddy limestone 13.0 2.4 −7.8 3.03
15 Kaili Fm. Limestone 13.6 −33.2 2.3 35.6 −7.6 8.10 20.0 38.68 1.47 740 596 0.8 523 0.04
16 Kaili Fm. Muddy limestone 14.3 −33.2 1.9 35.1 −7.7 5.25
17 Kaili Fm. Muddy limestone 14.8 1.4 −8.3 3.53 37.0 38.24 1.17 577 831 1.4 663 0.03
18 Kaili Fm. Muddy limestone 15.3 1.4 −8.2 1.32
19 Kaili Fm. Muddy limestone 16.3 −32.2 0.9 33.1 −8.4 6.03 36.0 40.58 0.86 462 928 2.0 878 0.02
20 Kaili Fm. Muddy limestone 17.4 −31.2 1.1 32.2 −8.3 0.92
21 Kaili Fm. Muddy limestone 18.1 −31.6 0.9 32.5 −8.0 4.22
22 Kaili Fm. Silty limestone 18.9 −30.9 0.5 31.4 −8.4 3.41
23 Kaili Fm. Silty limestone 19.8 0.6 −7.8 0.01 37.5 37.82 0.86 433 888 2.0 874 0.02
24 Kaili Fm. Silty limestone 20.8 −31.9 0.5 32.5 −8.4 2.42
25 Kaili Fm. Silty limestone 21.5 −31.8 0.6 32.4 −8.7 5.42
26 Kaili Fm. Silty limestone 22.4 −30.6 0.6 31.2 −8.2 4.91 50.0 40.28 1.04 406 922 2.3 992 0.03
27 Kaili Fm. Silty limestone 23.3 −33.2 0.6 33.8 −8.4 2.55
28 Kaili Fm. Silty limestone 24.0 0.9 −8.6 2.51
29 Kaili Fm. Silty limestone 25.0 −31.1 0.8 32.0 −8.6 2.55
30 Kaili Fm. Silty limestone 26.3 0.7 −8.1 0.06
31 Kaili Fm. Silty limestone 27.2 0.4 −7.8 0.53
32 Kaili Fm. Silty limestone 27.9 −31.4 0.3 31.7 −7.8 1.62
33 Kaili Fm. Silty limestone 28.8 0.7 −8.2 0.02
34 Kaili Fm. Silty limestone 29.3 −29.4 −0.1 29.3 −8.1 3.37 62.0 27.06 2.02 551 1447 2.6 491 0.07
35 Kaili Fm. Silty limestone 29.7 −31.3 0.4 31.7 −8.3 1.89 43.0 39.76 1.02 475 1110 2.3 838 0.03
36 Kaili Fm. Muddy limestone 30.3 −30.4 0.2 30.6 −8.6 3.29 52.0 29.80 1.48 416 1229 3.0 717 0.05
37 Kaili Fm. Silty limestone 30.6 −31.1 0.3 31.4 −7.9 0.09
38 Kaili Fm. Mudstone 31.3 −29.5 −1.5 28.0 −8.9 1.74 43.0 6.70 1.80 158 1000 6.3 426 0.27
39 Kaili Fm. Mudstone 32.3 −29.9 −1.3 28.5 −8.7 4.28
40 Kaili Fm. Mudstone 33.8 −29.0 −1.2 27.8 −8.6 3.32
41 Kaili Fm. Mudstone 34.8 −29.4 −1.2 28.2 −8.3 3.71 81.0 17.57 5.07 267 3372 12.6 658 0.29
42 Kaili Fm. Mudstone 37.3 −29.1 −1.1 28.0 −8.7 2.95
43 Kaili Fm. Mudstone 39.3 −29.2 −0.9 28.3 −8.8 3.48 85.0 4.21 6.95 532 4600 8.6 79 1.65
44 Kaili Fm. Mudstone 40.8 −29.6 −1.0 28.6 −8.4 3.35 81.7 9.51 6.71 545 3497 6.4 174 0.71
45 Kaili Fm. Mudstone 41.8 1.78
46 Kaili Fm. Mudstone 42.5 1.52
47 Kaili Fm. Mudstone 43.2 −29.9 −0.7 29.1 −9.2 1.60 81.1 16.64 5.987 403 2314 5.7 413 0.36
48 Kaili Fm. Mudstone 44.0 −29.5 −0.4 29.1 −9.2 2.19
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49 Kaili Fm. Mudstone 44.9 −29.4 −2.0 27.4 −9.6 2.26
50 Kaili Fm. Mudstone 45.6 −1.1 −9.0 1.29 79.8 15.69 5.624 251 2317 9.2 626 0.36
51 Kaili Fm. Mudstone 46.3 −29.1 4.63
52 Kaili Fm. Mudstone 46.6 1.61
53 Kaili Fm. Mudstone 47.1 1.75
54 Kaili Fm. Mudstone 47.7 −29.0 −2.0 26.9 −8.3 1.82 83.3 9.508 6.938 406 1970 4.9 234 0.73
55 Kaili Fm. Mudstone 48.4 1.58
56 Kaili Fm. Mudstone 49.2 −29.0 −1.5 27.4 −8.6 1.78
57 Kaili Fm. Mudstone 50.3 −28.4 0.02
58 Kaili Fm. Mudstone 51.5 −28.1 2.98
59 Kaili Fm. Mudstone 51.4 −29.2 −0.3 28.8 −9.3 3.78 79.0 12.05 4.07 569 2613 4.6 212 0.34
60 Kaili Fm. Mudstone 51.6 −28.3 2.63
61 Kaili Fm. Mudstone 51.8 −28.9 −1.3 27.6 −7.1 2.92 75.0 8.30 4.86 519 1800 3.5 160 0.59
62 Kaili Fm. Mudstone 52.0 −27.6 2.50
63 Kaili Fm. Mudstone 52.2 −29.2 −1.1 28.1 −7.5 4.62 80.0 8.70 5.84 549 2400 4.4 159 0.67
64 Kaili Fm. Mudstone 52.4 −27.9 2.93
65 Kaili Fm. Mudstone 52.6 −27.8 3.02
66 Kaili Fm. Mudstone 52.8 3.21
67 Kaili Fm. Mudstone 53.0 −27.2 0.02
68 Kaili Fm. Mudstone 53.2 −27.5 −0.6 26.9 −9.2 1.27 83.2 9.47 5.45 534 3214 6.0 177 0.58
69 Kaili Fm. Mudstone 53.4 −28.3 0.02
70 Kaili Fm. Mudstone 53.6 −27.9 −1.3 26.6 −8.4 3.29 83.1 6.51 6.94 649 1834 2.8 100 1.07
71 Kaili Fm. Mudstone 53.8 −27.8 2.47
72 Kaili Fm. Mudstone 54.0 −27.1 −0.7 26.4 −8.1 2.79 81.5 7.75 1.26 137 2111 15.4 566 0.16
73 Kaili Fm. Mudstone 54.2 −27.1 −0.1 27.1 −9.9 2.79
74 Kaili Fm. Mudstone 54.4 −28.1 −0.1 28.0 −9.4 2.69 72.0 20.29 0.73 242 2344 3.9 840 0.04
75 Kaili Fm. Mudstone 54.6 −27.7 3.40
76 Kaili Fm. Mudstone 54.8 −27.8 −0.5 27.3 −9.4 0.04
77 Kaili Fm. Mudstone 55.0 −27.9 −0.6 27.3 −9.1 2.72 82.0 9.71 7.02 554 2500 4.5 175 0.72
78 Kaili Fm. Mudstone 55.2 −27.1 −2.7 24.4 −8.4 0.02
79 Kaili Fm. Mudstone 55.5 −27.3 −1.6 25.7 −8.4 4.60 82.0 6.08 7.05 443 2111 4.8 137 1.16
80 Kaili Fm. Mudstone 56.3 −26.9 −1.5 25.5 −8.9 2.70
81 Kaili Fm. Mudstone 56.7 −2.4 −8.9 0.94
82 Kaili Fm. Mudstone 57.3 −27.2 −1.0 26.2 −9.1 1.07 82.5 10.88 6.127 242 2590 10.7 450 0.56
83 Kaili Fm. Mudstone 58.4 −27.6 −0.6 27.0 −8.8 0.94
84 Kaili Fm. Mudstone 59.6 −27.1 −0.8 26.3 −9.1 0.52 79.9 17.36 5.475 210 2679 12.7 826 0.32
85 Kaili Fm. Mudstone 61.3 −27.7 −0.6 27.0 −9.1 0.82 79.7 18.69 5.027 167 2701 16.2 1119 0.27
86 Kaili Fm. Mudstone 62.3 0.71
87 Kaili Fm. Mudstone 63.3 0.72
88 Kaili Fm. Mudstone 64.8 −26.5 −2.4 24.1 −8.9 0.88 83.6 6.803 7.526 310 2336 7.5 220 1.11
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thoroughly stirred and placed into a warm water bath
(60–70◦C)for fourhours.Subsequently, themixturewas
centrifuged and the process was repeated. Finally, the
solution was carefully washed and neutralized to pH 7.

Additional steps involved addition of zinc powder
and HCl (18 %) in order to remove pyrite, and heavy
liquid in order to separate heavy minerals. The final
residue is considered to be kerogen and was dried in a
vacuum oven at 60–70 ◦C for 24 hours.

Organic carbon isotopic compositions (δ13Cker) were
measured at the Geologisch-Paläontologisches Institut,
Westfälische Wilhelms-Universität Münster, Germany,
and at the Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou, China, using a Finnigan Delta
Plus mass spectrometer, equipped with an elemental
analyser. The data are reported in the standard delta
notation relative to the PDB standard.

4. Results

The total organic carbon content (TOC) ranges from
<0.1 to 9.4 mg g−1. The organic carbon isotopic com-
position for kerogen samples (δ13Cker) displays values
between −33.4 and −26.5 ‰, averaging −29.5±
1.9 ‰ (n = 66). Whole-rock δ13Ccarb values lie between
−2.7 and +3.1 ‰, averaging 0.1±1.5 ‰ (n = 69), and
respective δ18Ocarb values range from −9.9 to −6.1 ‰,
averaging −8.2±0.9 ‰ (n = 69). The difference bet-
ween the organic and carbonate carbon isotopic com-
positions (�δ = δ13Ccarb – δ13Cker) varies between 24.1
and 35.8 ‰, averaging 29.7±3.2 ‰ (n = 55). Despite
some variability, a slight decrease in �δ up-section can
be observed. Elemental abundances of Mn and Sr
are highly variable (Mn: 232–4600 ppm; Sr: 113–
740 ppm). The lithological change from carbonate to
mudstone at c. 30 m is accompanied by a distinct
change in elemental abundances and ratios. For exam-
ple, Mn/Sr ratios are around 2 for the carbonates in the
first 30 m of section and higher in the mudstones. Mg/
Ca ratios are consistently low in the lower 30 m and in-
crease thereafter. Analytical results are given in
Table 1.

5. Preservation of organic matter

In order to utilize the organic carbon isotopic compos-
ition of sedimentary organic matter as a proxy-signal
for temporal variations in the global carbon cycle, it
is crucial to evaluate the preservation of the organic
matter. Major processes with the potential of altering
the primary isotopic composition of sedimentary
organic matter include biological reworking during
diagenesis and post-depositional thermal alteration.

Biological reworking of sedimentary organic matter
occurs through a sequence of redox-reactions involving
aerobic respiration, nitrate, iron and sulphate reduction
as well as methanogenesis. Such reactions generally
transfer organic into inorganic carbon (such as carbon

Figure 4. Cross-plot of TOC and δ13Cker.

dioxide or bicarbonate) which is frequently incorpor-
ated into diagenetic carbonates (e.g. Irwin, Curtis &
Coleman, 1977). Due to the 13C-depleted nature of
organic carbon, resulting diagenetic carbonates display
a shift towards more negative carbon isotope values in
comparison to open marine precipitates.

Post-depositional thermal alteration during meta-
morphism changes not only the structure and chemical
composition of sedimentary organic matter but will
ultimately result in the loss of (13C-depleted) organic
compounds, shifting the δ13C of the residual sediment-
ary organic matter to more positive values (Strauss
et al. 1992). However, a cross-plot of organic carbon
abundance versus isotopic composition for studied
samples (Fig. 4) reveals no significant correlation.

A direct indicator for thermal alteration is a colour
change in the sedimentary organic matter. Thereby,
variations from clear to yellow to light brown to dark
brown to black reflect increasing temperatures. This can
be quantified through a thermal alteration index (TAI:
e.g. Hayes, Kaplan & Wedeking, 1983). Acritarchs
from the succession at Balang were studied by Yang &
Yin (2001). The colour of the acritarchs is light yellow,
which corresponds to a TAI value of 1. This suggests
that the organic matter has been exposed only to low
temperatures.

In summary, there is no evidence that δ13Cker

values have experienced a substantial shift from their
primary values as a consequence of post-depositional,
particularly thermal alteration of the sedimentary
organic matter.

6. Discussion: organic carbon

Total organic carbon contents vary around an average
value of 2.6±1.8 mg g−1 (n = 88). Despite a change
in lithology from carbonates in the lower part of the
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Figure 5. Elemental abundances and ratios v. depth.

succession to mudstones, no clear difference in TOC is
discernible between these lithologies.

Organic carbon isotope values for the entire Lower
to Middle Cambrian section at Balang vary between
−33.4 and −26.5‰. This range in δ13C is quite compar-
able to values from other Early and Middle Cambrian
successions (e.g. Hayes, Strauss & Kaufman, 1999).

The distribution of δ13C (Fig. 3) reveals distinct
changes in the organic carbon isotopic composition
up-section. A few δ13C values at the base (Qingxudong
Formation) of the section decrease from −29.0 to
−33.4 ‰, followed by a clear increase in 13C to values
around −26.5 ‰ within the Kaili Formation and across
the Lower to Middle Cambrian boundary. A distinct
shift in δ13Cker is visible across the lithological change
within the Kaili Formation at 31 m. Despite the lack
of a significant difference in preservation, the shift in
δ13Cker at 31 m could still be related in part to the change
in lithology. No significant shift in δ13Cker occurs at the
proposed Lower–Middle Cambrian boundary which is
situated in mudstones.

7. Carbonate diagenesis

Several proxy signals, sensitive to carbonate dia-
genesis, have been developed as quality criteria in

assessing the degree of post-depositional alteration
(e.g. Kaufman, Jacobsen & Knoll, 1993; Kaufman &
Knoll, 1995; Jacobsen & Kaufman, 1999). Commonly,
Mn/Sr ratios <2 and δ18O more positive than −10 ‰
are viewed as reflecting a moderate degree of diagenetic
alteration (Kaufman & Knoll, 1995), leaving the
carbonates still suitable for an interpretation of their
carbonate carbon isotopic compositions.

Elemental abundances and selected elemental ratios
clearly indicate a correlation with lithology (Fig. 5).
Carbonates in the lower part of the succession (below
30 m) display higher abundances of Ca and higher
Ca/Sr ratios than in the overlying mudstones. The
opposite is true for Mg with lower abundances in
the carbonates and higher ones in the mudstones.
The Mg/Ca ratio increases clearly in the mudstones.
Similarly, Mn abundances show a distinct increase
in the mudstones. Associated stratigraphic variations
likely reflect a combination of primary differences in
elemental abundances due to differences in lithology,
which were further enhanced during diagenesis.

Interestingly, the oxygen isotopic composition does
not reflect as clearly a systematic shift when the
lithology changes (from carbonate to mudstone at
30 m). In fact, all δ18O values are more positive than
−10 ‰ (Fig. 6). No correlation exists between δ18O and
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Figure 6. Cross-plot of (a) δ13Ccarb and δ18Ocarb and (b) δ18Ocarb v. depth.

Mg/Ca. Still, mudstones tend to be more depleted in
18O, displaying δ18O values between −10 and −8.5 ‰.
In addition, the absence of a clear correlation between
the carbonate carbon and oxygen isotopic compositions
(Fig. 6) suggests minor diagenetic post-depositional
alteration of the isotope signals.

The carbonate carbon isotopic composition displays
a distinct shift in δ13C of almost 2 ‰ from values
between 0 and +3 ‰ in the lower part of the Kaili
Formation (excluding the values from the underlying
Qingxudong Formation) to values between −2 and
0 ‰ in the upper part of this unit (Fig. 3). Figure 7
with δ13Ccarb plotted against TOC/%soluble shows that
the different natures of these two carbonate types
suggest that they will have had different diagenetic
evolutions and the lower carbonate-rich part would be
more strongly buffered against isotopic alteration than
the upper part; in any case, the lower values in the upper
section are probably due to diagenetic alteration. The
absence of a clear correlation, however, exists between
δ13Ccarb and the ratio of%soluble/TOC abundances
(Fig. 7), excluding intense microbial reworking of
sedimentary organic material during diagenesis as
the dominant cause for this stratigraphic variation in
δ13C.

While we acknowledge some degree of diagenetic
alteration as shown by selected elemental abundances
and/or ratios, the absence of a clear correlation between
the carbon isotopic composition and the abundance of
organic carbon, the absence of a distinct correlation
between δ13C and δ18O and the absence of a clear
stratigraphic variation in δ18O as a consequence of
either the lithological change and/or diagenesis suggest
that the carbonate carbon isotopic composition has
not been altered substantially during post-depositional

Figure 7. Cross-plot of TOC/% soluble and δ13Ccarb.

alteration. As a consequence, the carbonate carbon
isotopic composition will be interpreted further with
respect to any possible primary variations.
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8. Discussion: carbonate carbon

The carbonate carbon isotopic composition displays
a decreasing trend in δ13C clear variation up-section.
With the exception of a few negative values in the
Qingxudong Formation, carbonates in the lower part
of the Kaili Formation followed by mudstones in the
upper part of the Kaili Formation up to the lower
Middle Cambrian boundary record a continuous, yet
stepwise decrease in the carbonate carbon isotopic
composition from δ13C values around +2 ‰ to values
around −2.5 ‰ (Fig. 3). Such negative values continue
across the Lower–Middle Cambrian boundary with
no significant carbon isotope excursion marking the
proposed boundary level at 52.8 m. This tendency is
towards more negative δ13C values.

Interestingly, the carbon isotopic difference between
carbonate and organic carbon (�δ) decreases continu-
ously up-section, from values as large as 36 ‰ to a value
of 24 ‰. Comparable large-scale secular variations in
�δ have been reported for parts of the Neoproterozoic
and the Oligocene to Recent (Hayes, Strauss &
Kaufman, 1999). In the absence of any clear evidence
for significant thermal alteration and/or diagenetic alte-
ration as the obvious cause for this evolution, we regard
this as an original feature. Explanations which have
been suggested for the Neoproterozoic and the Late
Cenozoic records of �δ include large inputs of bacterial
biomass into the sediment (high �δ) and small carbon
isotopic fractionations during photosynthetic carbon
fixation (low �δ) as a consequence of lower atmo-
spheric carbon dioxide abundance. Model calculations
generally suggest a high pCO2 for the Early Palaeozoic
(e.g. Berner & Kothavala, 2001). Hence, we envision
that a decrease in the contribution of bacterial biomass
to the total sedimentary organic matter is the primary
cause for the observed decrease in �δ up-section.

The variation in δ13Ccarb measured for the Taijiang
section is correlated with data of the first carbonate
carbon isotope excursion across the Lower–Middle
Cambrian interval at the Wangcun section, western
Hunan (Zhu et al. 2004).

Hence, our results allow chemostratigraphic correl-
ation for this time interval across the Yangtze Platform.

9. Conclusions

A sedimentary succession across the Lower–Middle
Cambrian transition at Balang village, Taijiang County,
Guizhou Province, southern China was studied for its
organic and carbonate carbon isotopic composition. Or-
ganic carbon isotope values reveal a clear stratigraphic
trend up-section, with an increase in δ13C of almost
7 ‰. δ13Ccarb varies from positive δ13C values in the
Lower Cambrian to negative δ13C values in the Middle
Cambrian. The magnitude of this change across the en-
tire section is 4.5 ‰. No distinctive carbon isotope ex-
cursion marks the actual boundary level, which has

been defined on the basis of trilobite biostratigraphy.
Part of the variation in the carbon isotopic composition
of carbonate as well as the elemental abundances reflect
a change(s) in lithology with some additional effects
from diagenesis. The decrease in �δ up-section is
believed to reflect a decreasing contribution of bacterial
biomass to the total sedimentary organic matter, prob-
ably relating to increased anoxia and decreased bac-
terial processing of primary production (Logan et al.
1995).
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