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Stable isotope analyses in sections across a shelf to basinal transect of the Ediacaran Doushantuo 
basin show substantial isotope variabilities. In Songlin section where sediments were deposited in an 
intrashelf basin, δ 13C values are persistently negative (−3‰ to −5‰, VPDB) through the entire Dou-
shantuo Formation, similar to those obtained from the slope section in Wuhe (−5‰ to −10‰, VPDB). 
Shallow water sections in Weng’an and Duoding show two broad δ 13C anomalies overprinted with sig-
nificant meter-scale variations, but none of the curves has similar absolute δ 13C values compared to 
the Yangtze Gorges areas in South China and other sections globally. Such isotope variations, if par-
tially recording ancient seawater signature, imply spatial and temporal chemocline instability in the 
Doushantuo basin. In combination with available δ 13C records from other Ediacaran successions 
globally, the data from the Doushantuo basin are consistent, in first order, with the existence and oxi-
dation of a large dissolved organic carbon (DOC) reservoir in Ediacaran oceans, but imply local envi-
ronmental controls on Neoproterozoic isotope values and call attentions for using δ 13C  anomalies as 
time lines in stratigraphic correlation. 
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The Ediacaran Period is characterized by unusually 
negative carbon isotope anomalies with magnitude from 
≥+5‰ down to ≤−12‰[1―10]. The large magnitude 
(up to 17‰ shift) and long duration (estimated as 12 to 
50 million years[6,7,11]) of these anomalies are difficult to 
be interpreted using the geochemical models tradition-
ally applied to the short-lived δ13C excursions from ‘cap 
carbonates’ overlying the Cryogenian glacial diamictites. 
Recent interpretations ascribed the Ediacaran δ 13C 
anomalies to the oxidation of a large dissolved organic 
carbon (DOC) reservoir in the Ediacaran ocean that may 
have been 10―100 times larger than in the modern 
ocean[4,7,9,12]. The oxidation events recorded by these 
negative δ 13C anomalies have been considered critical 
for the evolution of Ediacaran organisms including early 
animals[4,7―9]. 

Existing isotope data from Ediacaran successions, 

however, show substantial variabilities in both the num-
ber and magnitude of δ 13C anomalies (Figure 1). In 
South China[7―9,13,14] (Figure 1(a)) and northern India[5,15] 
(Figure 1(b)), at least two negative δ 13C anomalies have 
been reported from strata overlying the Marinoan-age 
cap carbonates. In eastern California of western US 
(Figure 1(c)), two negative δ 13C anomalies were re-
ported from the Johnnie Formation and Stirling Quartz-
ite[2,16], but the temporal extension of anomalies is sig-
nificantly different from that of South China and India. 
In Namibia (Figure 1(d)), two negative δ 13C anomalies 
of less magnitude have been reported from the northern 
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and southern successions, respectively, with uncertain-
ties on their correlations and potential interruption by 
major unconformities[3,17]. In Oman (Figure 1(e)), a sin-
gle negative δ 13C anomaly with magnitude ≥15‰ was 
estimated to represent 12―50 Ma[4,6,11]. In Australia 
(Figure 1(f )), a single δ 13C anomaly with similar mag-
nitude but uncertain duration was reported[1]. In some 
cases, up to 5‰―10‰ variations in δ 13C have been 
observed between deep and shallow water sections in 
the same sedimentary basin[5,7,8]. Such isotope hetero-
geneity challenges the common practice in the last 20 
years that attempted to use δ 13C excursions as time lines 
to correlate the poorly dated Ediacaran strata and com-
plicates interpretations related to the geochemical and 
oceanographic changes associated with the Ediacaran 
δ 13C anomalies and biological innovation. 

While the origin of isotope heterogeneity may be 
multifold, including the lack of carbonate-rich litholo-
gies for isotope analysis in some successions (e.g., Fig-
ure 1(c), (e) and (f)) and diagenetic overprints, one other 
mechanism that can lead to substantial δ 

13C variations is 
the chemocline instability across Ediacaran basins[7]. If a 
large DOC-reservoir existed in Ediacaran oceans, the 
deep ocean must have been anoxic or euxinic and sepa-
rated from the oxic surface ocean by a chemocline, 
forming strongly stratified sedimentary basins with a 
much larger δ 13C isotope gradient than that of the mod-
ern ocean (~2‰). The depth of the chemocline, however, 
may vary across sedimentary basins, leading to intra- 
and inter-basinal isotope variations[7]. In this paper, we 
test this hypothesis by isotope analysis of multiple sec-

tions across a shelf-to-basin transect in the Ediacaran 
Doushantuo basin. 

1  Sampling sections and depositional 
environments 

The Ediacaran Doushantuo basin, from ca. 635 Ma to ca. 
551 Ma[10,18,19], was developed over a Neoproterozoic 
rifted continental margin presumably to have initiated 
along the southeastern side of the Yangtze block at ~800 
Ma[20]. A passive margin setting has been inferred for 
Ediacaran carbonate and shale deposits in the Doushan-
tuo basin[21,22]. The Doushantuo basin inherited topog-
raphic highlands along the shelf margin that may have 
been created during the Cryogenian glaciations[23]. 
Along these highlands formed the shallow water shoal 
complexes[21,24] that separated the intrashelf basins from 
the open ocean. To test the isotope variability across the 
depositional environments in the Doushantuo basin, 
samples were collected from four sections across a shelf 
to basin transect in Guizhou Province. From northwest 
to southeast, these include the section from the intrashelf 
basin in Songlin, the shelf margin sections in Weng’an 
and Duoding, and the slope section in Wuhe (Figure 2). 

The Doushantuo Formation in Songlin (Figure 3(a)) 
starts with a 5-m-thick cap carbonate composed of 
microcrystalline dolostone that directly overlies the 
Nantuo glacial diamictite. The basal 2.2 m of the cap 
carbonate contains tepee-like structures, stromatac-
tis-like cavities, and calcified barite crystal fans that 
have been interpreted as methane gas and fluid escaping 
features[25,26]. Overlying the cap carbonate is a 50 m 

 

 
Figure 2  (a) Simplified geological map showing exposure of the Neoproterozoic strata of the working area and sampling sections in Guizhou Province. 
(b) Reconstruction of the depositional environments during the late stage of the Doushantuo deposition, with sampled sections indicated.  
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thick, dark-gray to black shale and siltstone interval with 
parallel lamination, dissimilated pyrites and pyrite nod-
ules. Thin (1－5 cm), very fine-grained sandstone layers 
are present within the shale and siltstone, and in cases 
show normal grading. Lenticular carbonate layers or 
nodular carbonates, 5 to 15 cm thick, are present in the 
lower to middle part of this interval. The upper 30 m of 
the Doushantuo Formation in this section consists of 
black shale, siltstone, very fine-grained sandstone and 
muddy/silty dolostone. Chert and phosphatic nodules 
and layers are present in this interval and they become 
more abundant towards the uppermost Doushantuo 
Formation. The Doushantuo-Dengying boundary in this 
section seems to be comfortable, marked by a transition 
from phosphorus limestone and black shale to micro-
crystalline dolostone. However, a karstic/erosional sur-
face is present a few meters above the boundary, and 
laterally tracing the surface found that it locally cuts 
through the Doushantuo-Dengying boundary (Figure 
3(a)). The Dengying Formation in this section is about 
310 m thick, composed mainly of microbial dolostone, 
dolograinstone, dolopackstone and dolowackestone, 
with thin sandstone and siltstone layers in the lower part. 
Presence of parallel laminations and less commonly, 
normal graded bedding in the Doushantuo Formation 
and the lack of shallow-water features such as 
cross-beddings, mud cracks, microbial laminae and 
fenestrae that are abundant in the overlying Dengying 
Formation suggest that the Doushantuo Formation in 
Songlin was deposited in relatively deep water environ-
ments below storm wave base. In combination with the 
regional stratigraphy and sedimentary facies, it is most 
likely that the Doushantuo Formation in Songlin was 
deposited in an intrashelf basin (Figure 2(b)). 

The Doushantuo Formation in Weng’an (Figure 3(b)) 
is 43 m thick at the measuring locality (Baidoushan 
phosphorite mine). It starts with a 4.5-m-thick cap car-
bonate that consists of microcrystalline dolostone with 
abundant stromatactis-like cavities[25]. Overlying the cap 
carbonate is a 10-m-thick shale interval intercalated with 
microcrystalline dolostone, muddy dolostone and 
fine-grained phosphorite. Parallel laminations and pyri-
tes were found from the black shale layers. The rest of 
the 30 m is composed of peloidal, oolitic, and intraclas-
tic dolopackstone and dolograinstone intercalated with 
dolomitic phosphorite and phosphorus dolostone. Dis-
solution cavities indicative of local exposure are abun-
dant in some of the dolograinstone layers. Abundant 

acanthomorphic acritarchs, red alage, animal embryos, 
and putative sponge and cnidarian fossils have been re-
ported from this interval[27―31]. The Doushantuo and 
Dengying boundary is marked by the transition from 
oolitic, phosphorus dolograinstone to microcrystalline 
dolopackstone, the latter of which contains irregular 
dissolution cavities and pockets of karstic breccias. A 
prominent karstic unconformity characterized by man-
tling breccias and breccia-filled depressions was found 
10 to 15 m above the Doushantuo-Dengying boundary. 
Kastic depressions locally cut through the Doushan-
tuo-Dengying contact (Figure 3(b)). Overall, the Dou-
shantuo Formation in Weng’an contains shallow-water 
features characteristic of a carbonate shoal complex[24] 
above fair-weather wave base. The shoal complex may 
have developed over a pre-existing highland created 
during Cryogenian glaciations (Figure 2(b)). 

At Duoding, the Doushantuo Formation is highly 
condensed, with a thickness of 29 m (Figure 3(c)). The 
4.4-m-thick cap carbonate at this section contains ce-
mented breccias and stromatactis-like cavities at the 
basal level and glauconites and phosphorite intraclasts at 
the top[25]. The rest of Doushantuo Formation consists of 
interbedded siltstone, mudstone, and muddy/silty dolos-
tone followed by phosphorites and phosphorus dolos-
tones towards the top. Peloids and phosphorite intra-
clasts are observed in carbonate layers and small-scale 
cross laminations are present in siltstone layers. In gen-
eral, the depositional environments of this section may 
have been similar to those of the Weng’an section (Fig-
ure 2(b)), but may have been more outboard of the mar-
ginal shoal complex, i.e. the upper slope area with in-
termittent submergence below fair-weather wave base. 

In the Wuhe section, the Doushantuo Formation con-
sists of 105 m thick black shale and muddy/silty dolos-
tone (Figure 3(d)). Abundant dissimilated pyrite and 
parallel laminations are present in shale layers. The 
presence of graded bedding and olistostrome blocks and 
layers suggests that sediments were accumulated in a 
slope environment (Figure 2(b)). The Doushantuo-  
Liuchapo boundary at this location is characterized by a 
3.5-m-thick, pyrite-rich, high-TOC black shale, similar 
to many other sections in the Ediacaran Doushantuo  
basin[7,8,14].  

2  Isotope analysis and results 

All collected samples were cut into two or more chips so 
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Figure 3  Carbon and oxygen isotope profiles of the Doushantuo Formation from Songlin (a), Weng’an (b), Duoding (c) and Wuhe (d) sections. 
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that thin section observations can match the drilling 
spots. Sample powders were microdrilled from the fin-
est-grained portions of polished slabs determined by 
petrographic observations. About 50－100 μg of car-
bonate powder was reacted with orthophosphoric acid 
for 10 minutes at 70℃ in a Kiel-Device automatically 
connected to a Finnigan Delta Plus dual-inlet mass spec-
trometer. Isotopic results are expressed in the standard 
δ-notation as per mil (‰) deviations from Vienna- 
PeeDee belemnite (VPDB). Uncertainties determined by 
multiple measurements of National Bureau of Standards 
(NBS)-19 were better than 0.05‰ for both C and O iso-
topes. Analyses were carried out mostly at the Univer-
sity of Nevada, Las Vegas and portion of the samples are 
analyzed at the Institute of Arctic and Alpine Research, 
University of Colorado. Oxygen isotope compositions 
were not corrected for dolomitic samples. Results are 
shown in Figure 3. Among these, data from the slope 
section (Figure 3(d)) have been reported in Jiang et al.[7]. 

In the intrashelf section (Figure 3(a)), δ 13C values 
from the cap carbonate show a decreasing trend from 
−2.7‰ to −5.0‰ and reach the minimum value of 
−6.6‰ 2.5 m above the cap carbonate. The lower part 
(7―55 m) of the Doushantuo Formation lacks adequate 
carbonate for isotope analysis in general, but existing 
measurements are exclusively negative (−4‰ to −5‰). 
The upper part (55―85 m) of the Doushantuo Forma-
tion shows a change in δ 13C from −4‰ to near 0 to-
wards the Doushantuo-Dengying boundary and to +4‰ 
in the lower Dengying Formation. Oxygen isotopes 
show a wide range from −2.2‰ to −10.4‰ and a con-
siderable covariation with δ 13C in the lower Doushantuo 
Formation. However, for the upper Doushantuo and 
lower Dengying formations, δ 18O values are quite scat-
tered, in contrast to the rather smooth negative to posi-
tive shift in δ 13C. 

In the shelf margin section at Weng’an (Figure 3(b)), 
both δ 13C and δ 18O are quite variable, comparable in 
magnitude to those reported from an adjacent section in 
the same area[8]. Carbon isotope values from the cap 
carbonate vary from −0.6‰ to −6.8‰, with the mini-
mum in the middle and do not show an upward decreas-
ing trend seen in the Songlin section. The rest of the 
Doushantuo Formation show meter-scale δ 13C varia-
tions from near 0 to −6‰, with two intervals dominated 
by negative values of ≤−3‰ in the middle and upper 

part . The uppermost 7 m of the Doushantuo Formation 
is dominated by positive δ 13C values from 0.3‰ to 
+2.4‰, followed by more stable values of +1.1‰ to 
+2.3‰ in the lower Dengying Formation. Oxygen iso-
topes from this section are very scattered from −1‰ to 
−10‰, with a few points down to −15‰ and up to +4‰, 
but no obvious covariation between δ 13C and δ 18O is 
observed. 

Isotope values from the Duoding section differ from 
all other sections in this study. Carbon isotope values 
change from −3‰ to +2‰ within the cap carbonate. 
Positive δ 13C values of +3‰ to +4‰ continue upward 
until the upper Doushantuo where a negative shift with a 
minimum of −2‰ spans for an 8 m thick interval. The 
uppermost 5 m of the Doushantuo Formation and lower 
Dengying Formation show positive δ 13C values from 
+1‰ to +2.4‰, similar to those obtained from the 
Weng’an section. Oxygen isotopes from this section 
vary from −2‰ to −10‰, with a majority of values from 
−4‰ to −8‰ that show no clear relationship with δ 13C. 

In the slope section (Figure 3(d)), δ 13C values from 
the cap carbonate range from −2 to −5‰, similar to the 
δ 13C range from the equivalent cap carbonates in 
Weng’an (Figure 3(b)) and Duoding (Figure 3(c)). 
Negative δ 13C values continue upwards through the 
entire Doushantuo Formation, with a nadir down to 
−14‰, and return to positive (~+2‰) immediately 
above the Doushantuo/Liuchapo boundary. The δ 13C 
pattern of this section contrasts those from the shelf 
margin sections (Figure 3(b) and (c)) but is similar to 
that of the intrashelf section (Figure 3(a)), although the 
magnitude of negative δ 13C values is different. Absolute 
δ 18O values from this section are relatively stable, 
mostly ranging from −4‰ to −10‰, and no obvious 
covariation between δ 13C and δ 18O is observed. 

3  Discussions 

3.1  Possible origins for δ 13C variability 

The isotope profiles presented here show substantial 
variability between sections from the intrashelf basin, 
shelf margin and slope. None of these profiles shows 
similarity to those from the Yangtze Gorge area in South 
China[7,8,13] and the generalized Ediacaran δ 13C chem- 
ostratigraphic profiles from other successions (Figure 1). 
Instead, the data confirm the large δ 13C variations am-  
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ong sections from different depositional environments of 
the Ediacaran Yangtze platform in South China[7,8] and 
the Krol platform in northern India[5,15]. It contradicts the 
common practice in Neoproterozoic chemostratigraphic 
correlations by inferring stratigraphic hiatus or erosional 
unconformity when a certain isotope anomaly is missing 
in a section because: (1) the absolute δ 13C values are so 
different that none of the profiles may have preserved an 
inferred average seawater signature; and (2) the thinnest 
sections in the shelf margin (therefore most likely to 
have erosion and non-deposition) show even more δ 13C 
excursions than those from presumably more complete 
sections. Two immediate conclusions can be drawn from 
the data: (1) the Ediacaran carbon isotope record is 
much more complicated than previously thought and has 
substantial local overprints over an inferred average 
seawater signature; and (2) the traditional idea of using 
δ 13C anomalies as time lines in Neoproterozoic strati-
graphic correlation may need scrutiny. 

One possible origin for the isotope variability (Figure 
3) may be the local carbon cycling in restricted environ- 
ments. In the modern carbonate platform in Florida, up 
to ≥4‰ variations in δ 13C have been observed be-
tween marginal reef complexes and protected la-
goons[32,33]. Similarly, an up to 4.5‰ variation in δ 13C 
has been reported from time-equivalent depositional 
environments of the Late Ordovician Mohawkian Sea of 
eastern Laurentia[34]. However, such variations are 
commonly at shorter time scales than the Ediacaran 
δ 13C anomalies, which, in the Doushantuo case, may 
have lasted for millions of years from ca. 635 to 551 Ma. 
The other possible origin for the Doushantuo δ 13C 
variations is the diagenetic overprints. Indeed, the large 
isotope variations between Weng’an (Figure 3(b)) and 
Duoding (Figure 3(c)) are likely derived from diagenesis 
because: (1) they were inferred to have deposited from 
the similar depositional environment; (2) frequent ex-
posure of the shallow carbonate platform may have been 
susceptible to meteoric diagenesis; and (3) the meter- 
scale variations in δ 13C in Weng’an (Figure 3(b)) are 
characteristics of diagenetic modifications. 

While diagenetic influences on the isotope record of 
the Doushantuo Formation in South China and other 
Ediacaran successions in general should not be underes-
timated and require further investigation in a more de-
tailed, bed-to-bed scales, available isotope data from 

Ediacaran successions do imply, in first order, the con-
trol from unique Ediacaran ocean chemistry. This is be-
cause: (1) the Ediacaran successions produced the most 
extremely negative carbonate δ 13C values in the geo-
logical record. Isotope measurements from Mesopro-
terozoic successions before Ediacaran and from Paleo-
zoic successions after Ediacaran in China[35,36] and other 
successions[37,38], now a substantial dataset, rarely had 
comparable negative δ 13C values even when similar 
lithologies and depositional environments are considered; 
(2) the long duration or great thickness of uniformly 
negative δ 13C values (Figure 1) is unique for Ediacaran 
strata and is inconsistent with diagenetic homogeniza-
tion in which a lot more temporal δ 13C variability 
within individual δ 13C anomalies would be expected in 
individual sections; and (3) most extremely negative 
δ 13C values were obtained from the early Ediacaran 
strata before clear evidence for bilaterian animals (ca. 
550 Ma). Thus, we explore the potential chemical/ 
oceanographic controls on the isotope variability seen in 
the Doushantuo basin and other successions globally. 

3.2  Chemocline instability and δ 13C variations 

If a large DOC reservoir[12] existed, the Ediacaran ocean 
would be strongly stratified[7], forming a permanent 
chemocline separating oxic surface seawater from an-
oxic/euxinic deep seawater (Figure 4(a)). A much larger 
δ 13C gradient than that of the modern ocean (~2‰) 
would have been formed between the surface and deep 
ocean due to sulfate reduction of organic carbon below 
the chemocline[7], although the documentation of such a 
gradient from the stratigraphic record is difficult but 
desired. Carbonate particles produced from the surface 
ocean would capture 13C-depleted carbonate cements 
within the water column or during early diagenesis at the 
seafloor (Figure 4(a)). In depositional environments 
above the chemocline, carbonate deposits were from the 
surface ocean production and may have positive or near 
zero δ 13C values, while carbonate deposits below the 
chemocline would have significantly negative δ 13C 
values (Figure 4(a)). This may partially interpret the 
persistently negative δ 13C values in intrashelf basins 
(e.g., Figure 3(a)) and slope to basinal environments 
(Figure 3(d)) where bottom seawater may have stayed 
below the chemocline through the Doushantuo deposi-
tion. However, because the depth of chemocline may 
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Figure 4  Schematics of the chemocline instability in the Ediacaran Doushantuo basin and the origin of the δ 13C variability. (a) With the existence of a 
large DOC reservoir in the ocean, deep intrashelf basins and deep oceans may have been stratified, with anoxic or euxinic deep water separated from oxic 
surface water by a chemocline. If this condition persisted for long enough time, a large δ 13C gradient may develop, although the magnitude of the gradient 
may vary between sedimentary basins. Carbonates precipitated from the surface ocean may have positive δ 13C values, but particles falling down to the 
deep basins may capture 13C-depleted cements within the water column or during early burial, producing negative δ 13C values. (b) During times of in-
creased supply of oxidants (such as sulfate and oxygen), oxidation of DOC would provide 13C-depleted carbon to seawater, leading to a negative δ 13C 
excursion. The magnitude of δ 13C excursions may vary, depending on the proportional contribution of carbon from surface ocean production in a particular 
depositional environment. DIC, Dissolved inorganic carbon. 

 
vary in individual sedimentary basins, the surface-to- 
deep ocean δ 13C gradient and the degree of isotope 
variability may be different at basinal scales. During 
times of enhanced supply of oxidants (e.g., O2, NO3

− or 
SO4

2−), a significant amount of DOC may be oxidized 
and transfer 13C-depleted carbon into the surface ocean, 
forming a negative δ 13C excursion (Figure 4(b)). The 
potential triggering mechanisms for enhanced oxidant 
supply are less clear, but could be increased weathering 
input of sulfate during sea-level changes[7,9] or increased 
atmospheric oxygen due to organic burial[39,40]. These 
processes could be at a scale shorter or longer than the 
carbon resident time in the ocean (~105 years) and could 
potentially produce δ 13C shifts of varying scales, which 
may have been obscured or only partially preserved after 
diagenetic homogenizations in some sections. 

If a long-term stratified ocean and a large isotope 
gradient were maintained in Ediacaran oceans, the iso-
tope variations in the Doushantuo basin (e.g., Figure 3) 
and other equivalent basins are an expected outcome 
rather than an unusual phenomenon. Because of the 
chemocline instability and its episodic fluctuations, iso-
tope shifts may have been strongly influenced by local 
depositional environments and thus may not be valid 
time lines across the Ediacaran basins. Local variations  
in sulfur isotopes may be even more significant because 

sulfate could have served as a potential oxidant for the 
remineralization of DOC. 

3.3  Maintenance of a stratified Ediacaran ocean and 
a large δ 13C gradient 

One problem with the above model is how to maintain a 
long-term (e.g., millions of years) stratified ocean and 
large δ 13C gradients. In modern environments, such 
conditions appear only in restricted basins such as the 
Black Sea and Framvaren Fjord. In the open ocean, be-
cause of the ocean circulation that is normally at the 
time scale of 1500 years[41], it is hardly possible to 
maintain a long-term stratified ocean. However, if a 
large oceanic DOC reservoir did exist during the Edia-
caran period, a long-term ocean stratification and per-
manent chemocline could be dynamically maintained 
because even under active ocean circulations, oceanic 
DOC would consume oxygen in the shallow water col-
umn and create an anoxic deep ocean. Only until the 
DOC reservoir has been largely or completely consumed, 
would the ocean chemistry turn into conditions compa-
rable to the modern ocean. An unresolved question is 
how and when a large DOC reservoir was created. One 
of the evidences for the existence of a large DOC reser-
voir is from the decoupling of Ediacaran carbonate and 
organic carbon isotope values[4,9], but the covariation of 
carbonate and organic carbon isotopes have been docu-
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mented from the pre-Ediacaran strata[42,43]. Other evi-
dence includes the existence of a large δ 13C gradient[7] 
inferred from the isotope variations between platform 
and basinal sections (Figure 3), but so far only informa-
tion from the Doushantuo basin is available and no tests 
before the Ediacaran period have been conducted. Ap-
parently, additional investigations with broader temporal 
and spatial coverage are needed to test this hypothesis. 

4  Conclusions 

Spatial variations in carbon isotope profiles across the 
Ediacaran Doushantuo basin (ca. 635－551 Ma) indicate 
a significant local departure from the generalized Edia-
caran isotope record. While a significant portion of the 
isotope variations may have been generated from 
diagenetic overprints, the fact that unusually negative 
δ 13C values from Ediacaran successions are much more 
prominent and widespread than any other intervals in 
Earth history does imply abnormal Ediacaran seawater 
chemistry. Such unusual ocean chemistry may have been 
caused by long-term ocean stratification maintained by 

the presence of a large DOC reservoir, creating a per-
manent chemocline and unusual isotope gradients be-
tween shallow and deep ocean seawater. Due to the spa-
tial chemocline instability across individual sedimentary 
basins and chemocline fluctuations associated with the 
oxidation of the DOC reservoir, carbonate deposits may 
record a mixed isotope signature derived from the pro-
portional contribution of carbon sources from surface 
ocean production and deep ocean DOC remineralization. 
In such conditions, carbon (and sulfur) isotope variabil-
ity in the existing Ediacaran isotopic dataset is a pre-
dicted outcome rather than an unusual phenomenon. The 
reconstruction of global secular variations in δ 13C and 
other seawater isotope geochemical proxies such as 
δ 34S and their causal relationship with the early animal 
life requires a process-oriented approach from individual 
sedimentary basins. 
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Appendix 1: Carbon and oxygen isotope data from the Ediacaran Doushantuo basin 
Sample No. Stratigraphic unit Strat. height Lithology δ 13C δ 18O 

Section 1 (Intrashelf basin): Songlin section 
SL-1 Doushantuo Fm (Cap) 0.1 dolomicrite −2.7 −5.9 
SL-2 Doushantuo Fm (Cap) 0.5 dolomicrite −3.0 −5.9 
SL-3 Doushantuo Fm (Cap) 0.9 dolomicrite −3.1 −5.6 
SL-4 Doushantuo Fm (Cap) 1.3 dolomicrite −3.2 −5.7 
SL-5 Doushantuo Fm (Cap) 1.7 dolomicrite −3.7 −6.5 
SL-6 Doushantuo Fm (Cap) 2.2 dolomicrite −4.4 −7.3 
SL-7 Doushantuo Fm (Cap) 2.5 dolomicrite −4.3 −6.9 
SL-8 Doushantuo Fm (Cap) 3 dolomicrite −3.3 −6.0 
SL-9 Doushantuo Fm (Cap) 4 dolomicrite −5.0 −7.4 
SL-10 Doushantuo Fm (Cap) 5.3 dolomicrite −4.6 −9.6 
SL-12 Doushantuo Fm 7.5 silty dolomite −6.6 −10.3 

SL-13-1 Doushantuo Fm 15 nodular dolomite −5.2 −8.2 
SL-13-2 Doushantuo Fm 21 silty dolomite −5.0 −8.3 
SL-13-3 Doushantuo Fm 30.7 nodular dolomite −4.2 −7.7 
SL-13-4 Doushantuo Fm 41 silty dolomite −4.2 −7.0 
SL-13-5 Doushantuo Fm 56 muddy dolomite −4.4 −6.3 
SL-13-6 Doushantuo Fm 59 muddy dolomite −4.2 −6.3 
SL-13-7 Doushantuo Fm 61.6 muddy dolomite −4.7 −6.7 
SL-13-8 Doushantuo Fm 64.7 muddy dolomite −2.2 −7.9 
SL-13-9 Doushantuo Fm 67 muddy dolomite −4.2 −7.4 
SL-13-10 Doushantuo Fm 69 muddy dolomite −4.0 −7.6 
SL-13-11 Doushantuo Fm 72.1 muddy dolomite −5.4 −10.4 

SL-14 Doushantuo Fm 75 muddy dolomite −3.0 −7.0 
SL-15 Doushantuo Fm 78 muddy dolomite −3.0 −7.4 
SL-16 Doushantuo Fm 80 muddy dolomite −2.3 −8.1 
SL-17 Doushantuo Fm 81 phosphorus limestone 0.2 −3.0 
SL-18 Doushantuo Fm 83 phosphorus limestone −3.3 −9.8 
SL-19 Doushantuo Fm 84.5 phosphorus limestone 1.0 −3.2 
SL-20 Doushantuo Fm 85 phosphorus limestone 0.0 −2.3 
SL-21 Doushantuo Fm 85.5 phosphorus limestone 0.2 −2.9 
SL-22 Dengying Fm 86 peloidal wackestone 1.7 −2.2 
SL-23 Dengying Fm 86.5 dolomicrite 1.4 −9.5 

SL-24-1 Dengying Fm 87 brecciated dolomite 2.1 −3.2 
SL-24-2 Dengying Fm 87.5 dolomicrite 0.4 −7.1 
SL-25 Dengying Fm 88 dolomicrite 2.5 −5.3 
SL-26 Dengying Fm 89 dolomicrite 3.5 −6.7 
SL-27 Dengying Fm 91 oolitic dolopackstone 3.1 −3.5 
SL-28 Dengying Fm 92 oolitic dolopackstone 3.5 −6.3 
SL-29 Dengying Fm 93 oolitic dolopackstone 3.9 −6.4 
SL-30 Dengying Fm 95 peloidal dolowackestone 0.9 −13.7 
SL-31 Dengying Fm 97 peloidal dolowackestone 3.9 −6.5 
SL-32 Dengying Fm 99 dolomicrite 4.1 −5.9 
SL-33 Dengying Fm 102 dolomicrite 3.9 −1.5 
SL-34 Dengying Fm 105 dolomicrite 3.6 −7.4 

Section 2 (shelf margin): Weng'an section 
WA-7 Doushantuo Fm (Cap) 0 dolomicrite −2.9 −8.6 

WA-8-1 Doushantuo Fm (Cap) 0.1 dolomicrite −2.4 −4.0 
WA-8-2 Doushantuo Fm (Cap) 0.1 dolomicrite −2.4 −4.0 
WA-9 Doushantuo Fm (Cap) 0.3 dolomicrite −2.5 −5.1 

WA-10-1 Doushantuo Fm (Cap) 0.6 dolomicrite −2.5 −4.1 
WA-10-2 Doushantuo Fm (Cap) 0.6 dolomicrite −2.6 −5.0 
WA-10-3 Doushantuo Fm (Cap) 0.6 dolomicrite −4.3 −6.4 

 JIANG GanQing et al. Sci China Ser D-Earth Sci | Nov. 2008 | vol. 51 | no. 11 | 1560-1569 1 



 

WA-10-4 Doushantuo Fm (Cap) 0.6 dolomicrite −1.3 −4.3 
WA-10-5 Doushantuo Fm (Cap) 0.6 dolomicrite −0.6 −5.5 
WA-10-6 Doushantuo Fm (Cap) 0.6 dolomicrite −2.3 −3.1 
WA-11 Doushantuo Fm (Cap) 0.9 dolomicrite −2.7 −5.1 

WA-12-1 Doushantuo Fm (Cap) 1.2 dolomicrite −3.1 −5.0 
WA-12-2 Doushantuo Fm (Cap) 1.2 dolomicrite −2.6 −4.7 
WA-13-1 Doushantuo Fm (Cap) 1.5 dolomicrite −2.8 −5.1 
WA-13-2 Doushantuo Fm (Cap) 1.5 dolomicrite −6.8 −6.5 
WA-14-1 Doushantuo Fm (Cap) 1.8 dolomicrite −1.7 −3.1 
WA-14-2 Doushantuo Fm (Cap) 1.8 dolomicrite −7.0 −7.2 
WA-15 Doushantuo Fm (Cap) 2.1 dolomicrite −2.8 −5.5 
WA-16 Doushantuo Fm (Cap) 2.4 dolomicrite −2.9 −4.4 
WA-17 Doushantuo Fm (Cap) 2.8 dolomicrite −1.3 −2.9 
WA-18 Doushantuo Fm (Cap) 3.2 dolomicrite −1.7 −3.0 
WA-19 Doushantuo Fm (Cap) 3.6 dolomicrite −1.9 −2.6 
WA-20 Doushantuo Fm (Cap) 4 dolomicrite −1.2 −3.9 
WA-21 Doushantuo Fm (Cap) 4.4 dolomicrite −0.9 −4.3 
WA-22 Doushantuo Fm 6.3 nodular dolomite −0.8 −3.1 
WA-23 Doushantuo Fm 8.5 microcrystalline dolomite −0.6 −1.9 
WA-24 Doushantuo Fm 9.5 microcrystalline dolomite −1.5 −0.6 
WA-25 Doushantuo Fm 10.5 microcrystalline dolomite 0.1 −0.3 
WA-26 Doushantuo Fm 11.5 microcrystalline dolomite −3.8 −5.2 
WA-27 Doushantuo Fm 13.5 muddy dolomite −0.7 −2.4 
WA-28 Doushantuo Fm 15.5 muddy dolomite −0.6 −3.2 
WA-29 Doushantuo Fm 16.5 muddy dolomite 0.2 −1.8 
WA-30 Doushantuo Fm 17 oolitic dolopackstone −1.2 −6.4 
WA-31 Doushantuo Fm 17.2 oolitic dolopackstone 0.1 −0.3 
WA-32 Doushantuo Fm 17.3 phosphorus micrite −0.8 −2.2 
WA-33 Doushantuo Fm 17.9 phosphorus micrite −1.0 −2.3 
WA-34 Doushantuo Fm 18.2 phosphorus micrite −0.5 −1.2 
WA-35 Doushantuo Fm 18.7 phosphorus micrite −4.5 −10.5 
WA-36 Doushantuo Fm 19 phosphorus micrite −0.6 −1.0 

WA-37-1 Doushantuo Fm 20 phosphorus micrite −4.7 −11.8 
WA-37-2 Doushantuo Fm 20.1 phosphorus micrite −5.5 −14.1 
WA-38 Doushantuo Fm 21 phosphorus micrite 0.1 5.1 

WA-39-1 Doushantuo Fm 21.7 phosphorus micrite −6.8 −12.6 
WA-39-2 Doushantuo Fm 21.8 phosphorus micrite −3.0 −9.2 
WA-40 Doushantuo Fm 22 phosphorus dolomicrite −0.4 −1.7 

WA-41-1 Doushantuo Fm 23 phosphorus dolomicrite −0.4 −1.5 
WA-41-2 Doushantuo Fm 23.1 phosphorus dolomicrite −0.5 −1.6 
WA-42 Doushantuo Fm 23.7 phosphorus dolomicrite −0.2 −1.6 

WA-43-1 Doushantuo Fm 24.8 siliceous dolomicrite −1.1 −1.3 
WA-43-2 Doushantuo Fm 24.9 siliceous dolomicrite −0.8 −2.8 
WA-44-1 Doushantuo Fm 26 siliceous dolomicrite −1.7 −4.4 
WA-44-2 Doushantuo Fm 26.1 siliceous dolomicrite −3.3 −9.1 
WA-45 Doushantuo Fm 27.7 siliceous dolomicrite −1.3 −1.9 
WA-46 Doushantuo Fm 29 phosphorus dolomicrite −3.3 −7.1 

WA-47-1 Doushantuo Fm 30 phosphorus dolomicrite −3.0 −7.0 
WA-47-2 Doushantuo Fm 30.1 phosphorus dolomicrite −3.3 −10.5 
WA-48 Doushantuo Fm 31 siliceous dolomicrite −4.5 −13.2 
WA-49 Doushantuo Fm 32 siliceous dolomicrite −3.2 −9.4 
WA-50 Doushantuo Fm 33 siliceous dolomicrite −3.6 −10.6 

WA-51-1 Doushantuo Fm 34 intraclastic dolopackstone −5.7 −16.4 
WA-51-2 Doushantuo Fm 34.1 intraclastic dolopackstone −5.1 −15.1 
WA-52-1 Doushantuo Fm 35 intraclastic dolopackstone 1.4 −2.3 
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WA-52-2 Doushantuo Fm 35.1 intraclastic dolopackstone 2.3 −0.8 
WA-53-1 Doushantuo Fm 36.5 phosphorus dolograinstone −4.2 −9.7 
WA-53-2 Doushantuo Fm 36.6 phosphorus dolograinstone 2.0 1.1 
WA-54 Doushantuo Fm 38 phosphorus dolograinstone 2.4 0.5 

WA-55-1 Doushantuo Fm 39 phosphorus dolograinstone −0.3 −4.5 
WA-55-2 Doushantuo Fm 39.1 phosphorus dolograinstone 1.3 4.0 
WA-56 Doushantuo Fm 40 phosphorus dolograinstone 0.9 −2.2 

WA-57-1 Doushantuo Fm 41 phosphorus dolograinstone 0.8 −1.6 
WA-57-2 Doushantuo Fm 41.1 phosphorus dolograinstone −1.8 −7.0 
WA-58 Doushantuo Fm 42.3 phosphorus dolograinstone 1.7 −2.6 

WA-59-1 Dengying Fm 44 microcrystalline dolomite −0.6 −10.1 
WA-59-2 Dengying Fm 44.1 microcrystalline dolomite 1.8 −6.2 
WA-60 Dengying Fm 48 microcrystalline dolomite 1.1 −4.6 
WA-61 Dengying Fm 52.5 microcrystalline dolomite 1.3 −7.1 
WA-62 Dengying Fm 55 brecciated dolomite 1.3 −4.3 

WA-63-1 Dengying Fm 57 oolitic dolograinstone 1.1 −7.5 
WA-63-2 Dengying Fm 57.1 oolitic dolograinstone 2.3 −5.5 
WA-64 Dengying Fm 60 microbial dolomite 1.4 −7.1 

Section 3 (shelf margin): Duoding section: 
DD-3 Doushantuo Fm (Cap) 0.05 dolomicrite −1.7 −7.1 
DD-4 Doushantuo Fm (Cap) 0.15 dolomicrite −0.8 −6.3 
DD-5 Doushantuo Fm (Cap) 0.3 dolomicrite −1.1 −5.7 
DD-6 Doushantuo Fm (Cap) 0.45 dolomicrite −2.8 −8.9 

DD-7-2 Doushantuo Fm (Cap) 0.65 dolomicrite −2.4 −6.2 
DD-8 Doushantuo Fm (Cap) 0.85 dolomicrite 0.5 −1.6 
DD-9 Doushantuo Fm (Cap) 1.05 dolomicrite 0.6 −4.3 

DD-10 Doushantuo Fm (Cap) 1.25 dolomicrite 0.9 −0.4 
DD-11 Doushantuo Fm (Cap) 1.45 dolomicrite 0.3 −2.1 
DD-12 Doushantuo Fm (Cap) 1.6 dolomicrite −2.0 −17.4 
DD-13 Doushantuo Fm (Cap) 1.85 dolomicrite −3.3 −13.9 
DD-14 Doushantuo Fm (Cap) 2.15 dolomicrite 0.6 0.6 
DD-15 Doushantuo Fm (Cap) 2.8 dolomicrite 0.7 −4.9 
DD-16 Doushantuo Fm (Cap) 3.5 dolomicrite 0.9 −3.7 
DD-17 Doushantuo Fm (Cap) 4.2 dolomicrite 1.6 1.0 
DD-18 Doushantuo Fm 4.9 muddy dolomite 2.2 −2.2 
DD-19 Doushantuo Fm 5.15 muddy dolomite 1.5 −4.2 
DD-20 Doushantuo Fm 5.5 muddy dolomite 1.6 −5.4 
DD-21 Doushantuo Fm 6.1 muddy dolomite 1.5 −4.1 
DD-22 Doushantuo Fm 6.5 microcrystalline dolomite 1.8 −2.6 
DD-23 Doushantuo Fm 8.4 microcrystalline dolomite 3.3 −6.8 
DD-24 Doushantuo Fm 8.85 microcrystalline dolomite 2.3 −4.9 
DD-25 Doushantuo Fm 9.4 microcrystalline dolomite 3.7 −6.6 
DD-26 Doushantuo Fm 9.9 microcrystalline dolomite 3.3 −6.0 
DD-27 Doushantuo Fm 11 microcrystalline dolomite 3.8 −6.5 
DD-28 Doushantuo Fm 12 microcrystalline dolomite 3.6 −6.3 
DD-29 Doushantuo Fm 12.9 microcrystalline dolomite 3.6 −6.9 
DD-31 Doushantuo Fm 13.4 muddy dolomite 3.4 −6.4 
DD-32 Doushantuo Fm 14 muddy dolomite 3.2 −3.2 
DD-33 Doushantuo Fm 14.5 muddy dolomite 2.3 −4.6 
DD-34 Doushantuo Fm 15 muddy dolomite 3.0 −3.4 
DD-35 Doushantuo Fm 15.5 muddy dolomite 2.9 −3.8 
DD-36 Doushantuo Fm 16 muddy dolomite 2.9 −5.5 
DD-37 Doushantuo Fm 16.5 muddy dolomite 2.8 −5.0 
DD-38 Doushantuo Fm 17 muddy dolomite 2.6 −5.2 
DD-39 Doushantuo Fm 17.5 muddy dolomite 2.3 −3.4 
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DD-40 Doushantuo Fm 18 microcrystalline dolomite 0.5 −4.3 
DD-41 Doushantuo Fm 18.5 microcrystalline dolomite 0.3 −4.3 
DD-42 Doushantuo Fm 19.2 microcrystalline dolomite 1.0 −7.7 
DD-43 Doushantuo Fm 20 microcrystalline dolomite −1.5 −6.5 
DD-44 Doushantuo Fm 21 microcrystalline dolomite −1.9 −6.5 
DD-45 Doushantuo Fm 21.5 microcrystalline dolomite −0.5 −6.3 
DD-46 Doushantuo Fm 22 microcrystalline dolomite −0.3 −5.2 
DD-47 Doushantuo Fm 23.5 microcrystalline dolomite 1.0 −7.6 
DD-48 Doushantuo Fm 24 microcrystalline dolomite 1.1 −7.7 
DD-49 Doushantuo Fm 25 phosphorus dolomicrite 1.8 −7.3 

DD-50-1 Doushantuo Fm 26 phosphorus dolomicrite 2.4 −7.9 
DD-50-2 Doushantuo Fm 26.1 phosphorus dolomicrite 1.8 −8.8 
DD-51-1 Doushantuo Fm 27 phosphorus dolomicrite 1.5 −9.1 
DD-51-2 Doushantuo Fm 27.1 phosphorus dolomicrite 0.7 −9.6 
DD-52 Doushantuo Fm 27.5 phosphorus dolomicrite 1.2 −8.1 
DD-53 Doushantuo Fm 28 phosphorus dolomicrite 0.9 −7.7 
DD-54 Doushantuo Fm 28.5 phosphorus dolomicrite 1.6 −7.4 
DD-55 Doushantuo Fm 29 phosphorus dolomicrite 1.2 −8.1 
DD-56 Dengying Fm 30 siliceous dolomicrite 1.2 −8.1 
DD-57 Dengying Fm 32 siliceous dolomicrite 1.8 −8.5 
DD-58 Dengying Fm 34 siliceous dolomicrite 1.0 −8.2 
DD-59 Dengying Fm 36 brecciated dolomite 2.2 −7.5 
DD-60 Dengying Fm 38 microcrystalline dolomite 2.4 −7.4 

Section 4 (Slope): Wuhe section (from Jiang et al., 2007) 
WH-18 Doushantuo Fm (Cap) 0.05 Dolomite −1.2 −6.3 
WH-19 Doushantuo Fm (Cap) 0.1 Dolomite −4.2 −3.1 
WH-20 Doushantuo Fm (Cap) 0.15 Dolomite −2.6 −6.6 
WH-21 Doushantuo Fm (Cap) 0.35 Dolomite −1.9 −15.2 
WH-22 Doushantuo Fm (Cap) 0.5 Dolomite −3.0 −15.6 

WH-23-3 Doushantuo Fm (Cap) 0.65 Dolomite −1.9 −15.1 
WH-23-4 Doushantuo Fm (Cap) 0.65 Dolomite −4.3 −14.3 
WH-26 Doushantuo Fm (Cap) 1.25 Dolomite −1.5 −4.1 
WH-27 Doushantuo Fm (Cap) 1.5 Dolomite −3.1 −4.2 
WH-28 Doushantuo Fm (Cap) 1.75 Dolomite −3.0 −5.5 
WH-29 Doushantuo Fm (Cap) 2 Dolomite −2.8 −5.5 
WH-30 Doushantuo Fm (Cap) 2.25 Dolomite −3.1 −5.9 

WH-31-1 Doushantuo Fm (Cap) 2.5 Dolomite −4.9 −8.9 
WH-31-2 Doushantuo Fm (Cap) 2.5 Dolomite −2.4 −5.8 

WH-32(O) Doushantuo Fm 5.7 Shaly dolomite −2.4 −5.4 
WH-32 Doushantuo Fm 12.5 Shaly dolomite −5.4 −5.8 
WH-33 Doushantuo Fm 13.4 Shaly dolomite −3.8 −10.5 
WH-34 Doushantuo Fm 19 Shaly dolomite −3.9 −9.0 
WH-35 Doushantuo Fm 33 Shaly dolomite −8.5 −8.8 
WH-36 Doushantuo Fm 36 Shaly dolomite −9.6 −10.0 
WH-37 Doushantuo Fm 36.5 Shaly dolomite −8.2 −6.7 
WH-38 Doushantuo Fm 37 Shaly dolomite −8.7 −4.6 

WH-39A Doushantuo Fm 38 Shaly dolomite −10.9 −9.2 
WH-39B Doushantuo Fm 39 Shaly dolomite −8.9 −9.0 
WH-39C Doushantuo Fm 42.5 Shaly dolomite −9.2 −9.9 
WH-40A Doushantuo Fm 42 Shaly dolomite −12.1 −6.4 
WH-40B Doushantuo Fm 45 Shaly dolomite −13.7 −5.6 
WH-41A Doushantuo Fm 46.8 Shaly dolomite −18.9 −6.0 
WH-41B Doushantuo Fm 48 Shaly dolomite −14.7 −6.8 
WH-41C Doushantuo Fm 48.6 Shaly dolomite −12.7 −5.7 

WH-42-br1 Doushantuo Fm 50.4 Dolomitic breccia −0.8 −6.5 
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WH-42-br2 Doushantuo Fm 50.4 Dolomitic breccia −1.3 −7.7 
WH-42-br3 Doushantuo Fm 50.4 Dolomitic breccia −0.9 −5.8 
WH-42-C1 Doushantuo Fm 50.5 Isopachous cement −9.2 −6.7 
WH-42-C2 Doushantuo Fm 50.5 Isopachous cement −7.2 −7.0 
WH-42-m1 Doushantuo Fm 50.5 Shaly dolomite −7.5 −7.1 
WH-42-m2 Doushantuo Fm 50.5 Shaly dolomite −7.3 −8.1 
WH-43A Doushantuo Fm 52.8 Shaly dolomite −7.2 −8.1 
WH-43B Doushantuo Fm 55.2 Shaly dolomite −6.4 −6.5 
WH-44 Doushantuo Fm 57 Shaly dolomite −7.1 −7.9 

WH-45A Doushantuo Fm 58.9 Shaly dolomite −7.1 −8.6 
WH-45B Doushantuo Fm 62.4 Shaly dolomite −7.3 −8.6 

WH-46-br1 Doushantuo Fm 63.7 Dolomitic breccia −1.2 −6.2 
WH-46-br2 Doushantuo Fm 63.7 Dolomitic breccia −0.9 −7.9 
WH-46-m Doushantuo Fm 63.7 Shaly dolomite −7.3 −8.1 
WH-46-C Doushantuo Fm 63.7 Isopachous cement −8.7 −6.7 
WH-48A Doushantuo Fm 65 Silty dolomite −10.0 −7.5 
WH-48B Doushantuo Fm 66.5 Silty dolomite −9.8 −8.6 
WH-49 Doushantuo Fm 68.5 Silty dolomite −7.7 −11.7 
WH-50 Doushantuo Fm 71.4 Silty dolomite −7.2 −10.8 
WH-51 Doushantuo Fm 73.2 Silty dolomite −10.9 −6.3 
WH-52 Doushantuo Fm 75.6 Shaly dolomite −10.7 −6.4 
WH-53 Doushantuo Fm 80.7 Shaly dolomite −6.4 −7.3 
WH-54 Doushantuo Fm 84.2 Shaly dolomite −7.9 −8.3 
WH-55 Doushantuo Fm 89.4 Shaly dolomite −4.7 −7.0 
WH-56 Doushantuo Fm 95 Shaly dolomite −6.3 −8.0 
WH-57 Doushantuo Fm 97 Shaly dolomite −7.1 −11.2 
WH-58 Doushantuo Fm 99 Shaly dolomite −5.6 −7.4 
WH-59 Liuchapo Fm 105.6 Shaly dolomite −1.1 −6.5 
WH-60 Liuchapo Fm 108 Siliceous dolomite −0.2 −6.4 
WH-61 Liuchapo Fm 108.2 Siliceous dolomite 0.6 −5.1 
WH-62 Liuchapo Fm 109.5 Siliceous dolomite 0.4 −7.0 
WH-63 Liuchapo Fm 111 Siliceous dolomite 2.1 −7.5 
WH-64 Liuchapo Fm 112.8 Siliceous dolomite 0.6 −5.8 
WH-65 Liuchapo Fm 116.4 Siliceous dolomite 0.9 −5.1 
WH-66 Liuchapo Fm 118.2 Siliceous dolomite 0.8 −5.4 
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