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Abundant bedded chert deposits occurred at the Ediacaran-Cambrian transition interval at the Yangtze
Platform, South China. However, there is not a non-controversial and integrated model for the origin of
these chert deposits from trace element patterns and oxygen isotopic evidence. To understand the origin
and the oceanic environment of these chert deposits, we analyzed the Si isotopic composition, major
and trace elements of chert samples from two stratigraphically correlated sections with a depositional
age around 542 Ma. The relationship between Al, 03 content and Si isotopic values indicated three end-
member sources of Si derivation. The most negative 339Si values (—0.3%. to —0.5%.) reflect the silicon
derived from hydrothermal fluids due to intense tectonic activity. The most positive 83°Si values (up to
+1.2%,) could reflect the increase of 3°Si in the hydrothermal fluid by precipitation, or the signature of
seawater. The medium &3°Si value (+0.2%. to +0.7%.) could be interpreted as the mixing of the hydro-
thermal fluid and volcanic materials with negative 83°Si and ambient seawater with positive 83°Si. It is
obvious that the injection of Si-rich hydrothermal fluid would affect the 83°Si and trace element distri-
bution of seawater. In addition, we estimated that the 33°Si values of Ediacaran-Cambrian transitional
seawater range from +2.2%. to +3.5%. based on assumed fractionation factors —2.3%. < & < —1.0%. between
precipitated Si in chert deposits and initial dissolved Si in seawater. According to Si isotopic composition
and other geochemical evidence, we maintain that hydrothermal activity played an important role not
only in the formation of bedded chert and polymetallic ore deposits, but also in the oceanic environment
and concurrent evolution of life during Ediacaran-Cambrian transition interval.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

The Ediacaran-Cambrian (E-C) transition was a critical time
interval for understanding these simultaneous events: the fur-
ther increase of atmospheric oxygen, the rapid increase in the
abundance and diversity of biomass, the prolonged global oceanic
anoxia, the major plate tectonic reconfigurations and the extensive
anorogenic volcanism (Kirschvink et al., 1997; Veevers et al., 1997;
Doblas et al., 2002). Although there are extensive studies about
remarkable biological, oceanic and geochemical changes across the
E-Ctransition, the triggering mechanism of these concurrent issues
still remains controversial.

During the transitional interval, widespread bedded chert suc-
cessions occurred at the slope to deep-water basin around both
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the northern and the southern margins of the Yangtze Platform,
South China (Chen et al., 2009). Also present are massive barite
deposits associated with these cherts and Ni-Mo-PGE polymetal-
lic ore horizons within host black shales that overlie these cherts
(Lott et al., 1999; Steiner et al., 2001; Jiang et al., 2003). Numerous
studies on the polymetallic ores and barite deposits were carried
out and different genetic models were proposed as hydrothermal
model (Steiner et al., 2001; Jiang et al., 2003) and seawater ori-
gin model (Mao et al., 2002). However, the origin of these chert
deposits at the E-C boundary were poorly constrained, although
both hydrothermal (Liand Gao, 1996; Li, 1997; Pengetal., 1999) and
marine (biogenic) origins (Guo et al., 2007; Chang et al., 2008) have
been proposed as well. Even though poorly constrained, these chert
deposits contain unique information of the ambient surface envi-
ronment in early Earth history, and deserve further study. However,
the relationship between these cherts and oceanic environmental
change still remains subject to debate. Therefore, the origin of these
cherts could be of significance in solving these controversies.
Recently some authors attempted to trace the origin of Archean
cherts and the environment of the Early Archean Ocean by using
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silicon isotopes (Robert and Chaussidon, 2006; Van den Boorn
et al., 2007, 2010; Carbonne et al., 2011; Abraham et al.,, 2011).
Based on the fractionation of silicon isotope under near sur-
face conditions, hydrothermal fluid could be considered as an
important contributor to those cherts (Carbonne et al., 2011),
but Robert and Chaussidon (2006) clearly stated that there is no
significant temperature effect on Si isotopic fractionation between
precipitated and dissolved silicon. Recently, hydrogen and oxygen
isotopic data (Hren et al., 2009; Blake et al., 2010) argued for
oceanic temperature invariability from the Archean to Cambrian.
Even with this variability in temperature, Van den Boorn et al.
(2007) inferred that the Si isotope variability in a suite of 3.5-3.0 Ga
cherts reflects different sources of silicon. However, there is little
study about Si geochemical cycling during the E-C transitional
interval. Only Peng et al. (1999) and Jiang and Li (2005) reported
significant variation of the Si isotopic composition of a few cherts
from Yangtze Platform at the E-C boundary, providing insights into
the silicon cycle at this time. From a correlation between 839Si and
8180 values in a few cherts, they have estimated a higher oceanic
temperature (80 °C) which suggested hydrothermal activity.

To better understand Si isotopic signatures as a tracer for
the origin of widespread bedded chert deposits, contemporane-
ous oceanic environmental change, and the origin of metallic ore
deposits during E-C transitional interval, we studied two repre-
sentative sections of well characterized cherts (about 551-532 Ma)
and other inter-bedded sample types from the Yangtze Platform.
Not only Si isotopes, but also mineralogy, major and trace element
geochemical signatures were investigated in this paper in order to
model the origin of chert deposits and to illustrate the relation-
ship among these chert deposits, oceanic environmental change
and polymetallic ore deposits.

2. Geological setting

During the E-C transitional interval, there are four differ-
ent sedimentary facies distinguished in South China, including a
shallow-water carbonate platform, a protected basin, the Jiangnan
uplift and a deep-water basin, as illustrated in Fig. 1A (Steiner et al.,
2001; Wang and Li, 2003). In several areas, they are exposed across
a transition zone from platform to basin, offering an opportunity
to investigate the stratigraphic features during this critical interval
of Earth history, which can provide insight into sea-level fluctua-
tions, oceanic anoxia, metal accumulation and the corresponding
ocean-atmosphere-biosphere evolution (Guo et al., 2007).

Two stratigraphic sections were selected for this study, the
Chuanyanping section in Hunan province and the Yinjiang sec-
tion in Guizhou province, which are separated from each other
by 240 km. These two sections were palaeogeographically located
along the southern marginal zone of the Yangtze Platform (Guo
et al., 2007; Chen et al., 2009). The southern marginal zone
of the Yangtze Platform was extended approximately along
the antecedent Jinningian (—0.8 Ga) orogenic zone between the
Yangtze Block and Cathaysia Block (Li, 1999; Zheng et al., 2008)
(Fig. 1A).

The Chuanyanping section crosses the E-C boundary. It includes
the upper part of the Ediacaran Doushantuo and the Dengying
Formation and the lower part of Cambrian Niutitang Formation,
representing a shallow shelf depositional environment. The major
lithofacies of the Dengying Formation is gray carbonates. The lower
Cambrian Niutitang Formation consists of black-gray cherts and an
upper thick black shale succession (up to 100 m thick) (Fig. 1B) com-
posed mostly of a basal Ni-Mo-PGE sulfide-rich horizon (Steiner
et al,, 2001). The thickness of the chert was dependant on the dis-
tance from Dayong-Cili fault. The fault plays an important role in
controlling metallogenesis of Ni-Mo-PGE sulfide layer (Li, 1997).

In the region, one SHRIMP U-Pb zircon age has been obtained,
536.3 + 5.5 Ma for the tuff layer overlying the chert deposit of the
Liuchapo Formation from Ganziping section (Chen et al., 2009),
which is equivalent to the E-C boundary age (542 Ma).

The Yinjiang section is located in a slope to basinal setting
and includes the Doushantuo Formation composed of black shales,
overlain by the Liuchapo Formation composed of black cherts,
and the thick black shale of Jiumengchong Formation (Fig. 1B),
all representing slope deposition. The Jiumengchong Formation is
equivalent to the Niutitang Formation for which Jiang et al. (2009)
reported the SHRIMP U-Pb zircon age, 532 &+ 0.7 Ma, for the basal
tuff layer of the Niutitang Formation in Zunyi area. Bivalved arthro-
pods (Sunella) and tubular fossils (Sphenothallus) have been found
in the black shales of the lower part of Jiumengchong Formation
only several kilometers away from the Yinjiang section (Yang et al.,
2003).

3. Sampling and analytical methods
3.1. Sample description

Samples were collected from the Yinjiang section of Northeast
Guizhou province and the Chuanyanping section of western Hunan
province, South China (Fig. 1). In the laboratory, samples were
washed with distilled water and dried at 80°C, and then crushed
into powder (—200 mesh).

In these studied cherts, the crystal size of quartz tends to be
quite variable, from several pm to several hundred pm. Individ-
ual quartz crystals have irregular crenulate crystal boundaries and
a pronounced undulose extinction (Fig. 2A and B) similar to typ-
ical micro-crystalline and meso-crystalline quartz, which results
from the disordered crystallographic structure of individual grains
(Knauth, 1994). The meso-crystalline quartz (20-50 wm) is the
most common recystallized quartz phase in chert samples. Large
pores and cavities within these chert samples are commonly filled
with length-fast mega-crystalline quartz, and there are also a few
quartz veins (Fig. 2C and D), and only minor carbonate minerals
(Fig. 2D).

3.2. Methods

The major elements were determined by X-ray fluorescence
(XRF) using lithium tetraborate powder pelleting at the ALS
Chemex (Guangzhou) Co., Ltd. The standard reference materials
(SRM) were analyzed together with unknown samples and sug-
gested that the precision is better than 5%. The trace elements were
analyzed by Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) in the Institute of Geochemistry, CAS. The precision is better
than 3%, which is calculated from the results of standard refer-
ence materials such as GBPG-1 (Garnet-Biotite Plagiogneiss), OU-6
(Penrhyn Slate) and AMH-1 (Mount Hood Andesite) (Qi et al., 2000).

The method for measuring Si isotopes was detailed in Ding et al.
(2004, 2008). For measurement of Si isotopic composition, the car-
bonate must be removed by batching with HCl and organic fractions
were removed by heating at high temperature (500 °C). After these
fractions were removed the SiO, was reacted with BrFs in a metal
vacuum line to form SiFj. First, the SiF4 was separated from O;, N,
BrF; and BrFs by cryogenic separation at the dry ice acetone and lig-
uid nitrogen temperatures. Subsequently the SiF4 gas was purified
by transfer through a Cu tube containing pure Zn particles at 60°C.
All the Si isotopic compositions were analyzed with a MAT-253 gas
source isotope ratio mass-spectrometer in the Institute of Mineral
Resources, CAGS. The silicon isotope ratios were measured using a
single collector by the peak jumping method. Two Chinese national
reference materials (GBW04421 and GBW04422, Ding et al., 2004,
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Fig. 1. (a) Simplified palaeogeographic map of the Yangtze Platform during Ediacaran-Cambrian transition modified from Steiner et al. (2001). Note the distribution of
bedded chert from Early Cambrian and Late Ediacaran straigraphic successions. The two red triangles represent the two investigated sections in Guizhou (Yinjiang) and
Hunan (Chuanyanping) Province, respectively. The blue triangles represent Ni-Mo-Se sulfide deposits. Black boxes represent barite deposits. (b) Generalized stratigraphy
of the Chuanyanping section (Hunan Province) and the Yinjiang section (Guizhou Province). (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of the article.)

2008) were repeated before the determination of the unknown 4. Results

samples and indicated that the total analytical precision was bet-

ter than +0.1%. (20). All results of the silicon isotopic analyses Four stratigraphic intervals were delineated in the inves-
are reported as $30Si values against NBS-28 reference material as tigated chert samples which were largely based on observed
given in the delta notation: 839Si=[(Rsam/Rstq) — 1] x 1000, where Si isotopic variations, and also on Al,03 content and field
Rsam and Ry are the 30Si/28Si ratios of the sample and NBS-28, observations, with collections made from the two stratigraphic
respectively. sections crossing the E-C boundary (Fig. 3). All the &30Si



Table 1

The silicon isotope composition, major and trace element data of cherts and other samples at the Ediacaran-Cambrian boundary in South China. YJ01-Y]J11 were collected from Yinjiang section (Guizhou). CYP0O1-CYP13 were
collected from Chuanyanping section (Hunan Province). I interval represents cherts from Liuchapo Formation within the Yinjiang section (YJ01-Y]J09), Il interval includes basal Cambrian chert from the Chuanyanping section (CYP02
and CYPO3) and the Yinjiang section (YJ11), Ill interval represents middle cherts in Niutitang Formation of Chuanyanping section (CYP04-CYPO08), and IV interval represents upper cherts of Chuanyanping section (CYPO9-CYP11).

Interval Sample no. Description 330Si (%)  Si0 (%) AlOs3 (%) TiOy (%) V(ppm) Cr(ppm) Ni(ppm) Zn(ppm) Sr(ppm) Mo (ppm) Sb(ppm) Ba(ppm) Rb(ppm) Pb(ppm) Th(ppm)

CYP13 Black shale 1.0 61.25 4.89 0.21 263 37.2 102 175 87.6 116.67 2.78 664 44.3 41.5 4.5
CYP12 Black shale 1.0 67.42 5.79 0.24 336 41.6 102 156 55.9 189.32 3.67 778 543 48.1 5.6
CYP11 Bedded chert 1.1 95.89 1.28 0.06 11.6 14 7.38 23.1 10.7 1.61 1.18 464 7.5 3.9 2.2
v CYP10 Bedded chert 1.0 95.76 1.02 0.05 113 14.3 8.43 234 11.5 2.19 4.01 366 5.5 33 0.7
CYP09 Bedded chert 1.2 96.5 1.16 0.05 11 11.2 5.45 249 21.6 3.04 1.15 1690 53 4.0 0.7
CYPO8 Bedded chert 0.4 97.1 0.46 0.01 15.2 11 7.57 42.6 7.78 1.25 0.76 206 23 0.1 53
CYPO7 Bedded chert 0.7 94.99 1.44 0.03 52.6 231 3.46 18.9 42.5 13 1.29 5750 8.8 23 0.8
Uil CYPO6 Bedded chert 0.5 95.02 1.01 0.03 25 16.2 4.34 18.6 19.9 7.47 6.39 2400 53 2.3 0.6
CYPO5 Bedded chert 0.2 96.28 0.89 0.02 19.1 14.8 6.82 8.91 343 1.65 0.85 2750 4.5 0.2 0.5
CYPO4 Bedded chert 0.1 93.07 1.45 0.04 28 18.3 5.01 14.4 120 3.69 1.41 9950 9.4 6.0 0.9
CYPO3 Bedded chert -0.3 90.92 2.04 0.08 53.4 289 7.15 153 523 8.9 2.25 4480 15.1 15.5 1.3
CYP02 Bedded chert 0.5 85 3.91 0.14 72.6 343 6.99 27.7 84.3 7.59 3.24 6830 29.7 9.8 2.6
1l CYPO1 K-bentonite 0.0 61.71 11.86 0.63 111 372 13.5 42.4 88.6 4.62 11.11 20,200 98.9 88.6 16.7
YJj11 Bedded chert -0.4 93.45 2.24 0.05 521 84 28 203 19.5 21 44.4 1210 215 3.2 1.2
YJ10 K-bentonite 0.1 52.5 26.88 0.27 68 6 5.2 13 12,5 3.86 12.05 10,000 137.5 37.2 123
YJo9 Bedded chert 0.4 97.56 0.42 0.04 119 39 22.6 85 11.5 4.09 6.49 280 4.1 3.1 0.5
YJo8 Bedded chert 0.2 92.5 2.94 0.11 84 43 4.2 <2 26.2 1.26 24.7 1050 173 4.6 2.4
YJO7 Bedded chert 0.6 94.39 2.29 0.1 127 56 20.8 6 11.6 1.42 3.61 1430 20.3 4.3 2.1
YJo6 Bedded chert 0.5 89.5 4.91 0.16 34 25 12.3 42 39.8 0.76 3.56 1810 23.7 9.9 3.0
I YJO5 Bedded chert 0.7 95.52 1.92 0.06 12 14 6.9 2 13.9 0.61 1.82 1640 8.4 59 1.2
YJ04 Bedded chert 0.5 93.37 3.02 0.11 14 16 4 2 26.1 0.32 1.36 1880 5.1 4.4 1.7
YJo3 Bedded chert 0.3 85.54 6.93 0.27 51 46 13.7 14 38.7 0.73 8.64 4540 42.5 6.2 4.0
YJo2 Bedded chert 0.3 87.59 6.03 0.2 40 27 6.3 13 373 0.67 13.6 1950 28.6 7.2 2.6

YJo1 Bedded chert 0.5 81.25 9.44 0.36 74 47 6.3 79 45.1 0.59 6.95 3130 57.2 5.6 5.2
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Fig. 2. Photomicrographs of chert samples: (A) geopetal structure containing micro-crystalline quartz, meso-crystalline quartz and mega-crystalline quartz. Crossed polars;
bar scale - 200 wm. (B) Close-up of mesocrystalline quartz, showing the characteristic irregular crystal boundaries. Crossed polars; bar scale - 200 wm. (C) Numerous
pseudo-parallel mega-crystalline quartz veins. Crossed polars; bar scale - 500 wm. (D) Photograph of carbonate. Crossed polars; bar scale — 200 pm.

values, and major and trace elemental data are presented in
Tables 1-3.

4.1. Bedded cherts

The first interval chert samples with thin-layer structure show
large Si isotopic variations, as much as 0.2-0.7%. (Fig. 3). These
chert samples are characterized by higher Al,05; (1.92-9.44%,
except YJ09) and TiO, (0.10-0.36%, except YJ0O5 and YJ09), which
correlate negatively with SiO,. They also show moderate enrich-
ments in Ba (1050-4540 ppm, except YJ09), Cr (14.00-56.00 ppm),
Ni (4.00-22.60 ppm), Sb (1.36-24.70 ppm), V (12.00-127.00 ppm),
and Mo (0.30-4.09 ppm) compared to the average shale. The total
REE +Y contents cover a wide range from 22.30 to 99.90 ppm. Most
of these cherts often yield positive Eu anomalies (1.13-3.66), neg-
ative Ce anomalies (0.48-0.70) (Fig. 4a) and heterogeneous Y/Ho
(27.08-36.25) (Table 2).

The second interval chert samples, locating on the K-bentonite
layer, yield homogeneous 830Si value in the narrow range from
—0.3%. to —0.5%. (Fig. 3). These cherts contain higher Cr, Mo, Ba, Zn,
Rb and Sr than the average shale (Turekian and Wedepohl, 1961)
and Franciscan cherts (Yamamoto, 1987). The total REE + Y contents
cover a narrow range from 25.16 to 32.87 ppm. These cherts have
obvious positive Eu anomalies at 5.32-9.89. The REE+Y patterns
of the second interval cherts can be characterized by the enrich-
ment of HREE compared to LREE and MREE (0.44 < Prsy/Ybsy < 0.70)
(Fig. 4b). Y/Ho ratios range from 25.58 to 36.19, representing chon-
dritic (Y/Ho=26-27, Pack et al., 2007) to slightly super-chondritic
values.

The third and fourth interval cherts were firstly measured for
Si isotope in this study. The 839Si values of the third interval
cherts (0.1-0.7%.) are consistent with those of the first interval
cherts. There is an increasing trend to heavier Si isotopic com-
positions in the Chuanyanping section (Fig. 3). Subsequently, the
830Si value achieves a peak of 1.2%. in the fourth interval (con-
tain more carbonate than III interval, Fig. 2D), which is similar to
that of modern chemical sedimentary rocks (De La Rocha et al.,
1997). The two interval cherts contain lower Al,03 (0.46-1.45%)
and TiO, (0.01-0.06%) than that of underlying strata. These
chert samples are characterized by relative enrichment of LREE
(0.21 <Prgn/Ybsy < 0.97), chondritic to slightly super-chondritic
Y/Ho ratios (25.43-30.95) and positive Eu anomalies (2.05-21.87)
(Fig. 4c and d). The apparent difference in geochemical charac-
teristics in the two interval chert samples was reflected by more
carbonates and lower Cr, Mo, Ba, Sr content in the fourth interval
(Table 1).

4.2. K-bentonite (an altered volcanic ash layer)

The 339Si value of the K-bentonites is close to modern felsic
rocks (—0.1%., Ding et al., 1996; —0.12%., André et al., 2006). The
K-bentonites from both sections, located between the first interval
and second interval cherts, contain higher Al,03 (11.86-26.88%)
and TiO, (0.27-0.63%). They also show relatively high enrichments
for Ba (up to 2.02%), Cr (up to 372 ppm), Zr (155.50-243.00 ppm),
Mo (3.86-4.62 ppm) and Se (4.00-4.46 ppm). The REE+Y pattern
of the two K-bentonites is slightly depleted LREE (Fig. 4b) and the
samples have chondritic Y/Ho ratios (18.04-26.96).



Table 2

The rear earth element data of cherts and other samples at the Ediacaran-Cambrian boundary in South China.

8¢C

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu TREE Ce/Ce*  Eu/Eu*  Pr/Pr* Y/Ho Pr/Ybsn)
no. (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
CYP13 15.6 29.9 3.18 12.5 2.5 0.57 2.58 0.41 243 18.3 0.57 1.65 0.23 1.47 0.21 92.09 0.91 0.99 1.02 32.39 0.85
CYP12 13.8 26.8 3 11.6 2.38 0.54 2.25 0.39 2.12 14.6 0.48 1.38 0.21 1.22 0.2 80.97 091 1.03 1.06 30.29 0.96
CYP11 1.97 2.47 0.31 1.03 0.18 0.11 0.21 0.04 0.3 2.66 0.09 0.29 0.05 0.34 0.05 10.1 0.66 2.41 1.21 30.3 0.36
CYP10 2.2 2.74 0.71 0.97 0.13 0.08 0.21 0.03 0.26 2.09 0.08 0.25 0.04 0.29 0.05 10.11 0.68 2.05 2.67 27.18 0.97
CYPO9 2.15 2.89 0.35 1.15 0.18 0.29 0.19 0.04 0.28 23 0.08 0.26 0.04 0.29 0.05 1054 0.7 6.81 1.2 28.15 0.47
CYPO8 0.46 0.65 0.08 0.22 0.08 0.39 0.08 0.02 0.13 1.04 0.03 0.11 0.02 0.15 0.03 348 0.75 21.87 1.29 30.95 0.21
CYPO7 2.99 3.77 0.52 1.6 0.19 0.89 0.35 0.04 0.3 233 0.08 0.27 0.05 0.32 0.06 13.75 0.66 15.18 13 28.04 0.63
CYPO6 2.16 2.66 0.32 0.98 0.19 0.41 0.18 0.04 0.26 2.01 0.07 0.23 0.04 0.26 0.04 9.86 0.66 9.77 1.23 30.59 0.48
CYPO5 1.53 2.08 0.28 0.84 0.17 0.48 0.19 0.03 0.26 1.79 0.07 0.21 0.04 0.26 0.04 828 0.71 11.49 133 25.64 0.44
CYPO4 4.81 5.53 0.81 2 0.26 1.64 0.37 0.05 0.3 2.51 0.1 0.34 0.05 0.38 0.07 19.21 0.63 235 1.5 25.43 0.84
CYPO3 5.89 7.69 1.09 3.25 0.33 0.78 0.4 0.07 0.47 3.78 0.13 0.48 0.09 0.61 0.1 25.16 0.68 9.43 135 29.08 0.7
CYPO2 7.89 9.68 1.22 3.61 0.51 1.1 0.47 0.1 0.76 5.55 0.22 0.65 0.11 0.87 0.13 32.87 0.66 9.89 1.28 25.58 0.55
CYPO1 59.9 56.5 8.03 19.3 1.37 3.28 23 0.42 3.29 25.6 0.95 3.18 0.54 418 0.65 189.48 0.54 8.11 1.5 26.98 0.75
YJ11 4.1 6.45 0.9 3.6 0.87 1.18 1.09 0.17 1.01 7.6 0.21 0.65 0.1 0.8 0.13 28.86 0.73 5.32 1.15 36.19 0.44
YJ10 5.5 15.55 2.66 11.8 3.52 2.48 2.96 0.6 4.2 17.5 0.97 3.01 0.5 3.51 0.57 7533 091 3.37 1.18 18.04 0.3
YJ09 3.5 3.94 0.92 4 0.83 0.08 0.83 0.17 0.83 5.8 0.16 0.55 0.08 0.52 0.09 223 0.48 0.42 133 36.25 0.69
YJ08 7.9 11.55 1.96 7.9 1.67 0.4 1.33 03 1.02 6.5 0.24 0.82 0.13 0.76 0.13 4261 0.65 1.18 1.25 27.08 1.01 =
YJ07 8.4 113 2.2 9.4 2.04 0.69 2.16 0.41 245 14 0.47 1.45 0.23 1.62 0.23 57.05 0.57 1.44 1.27 29.79 0.53 =
YJ06 10.9 17.3 2.69 111 2.35 0.44 1.61 0.23 137 8.7 0.29 091 0.14 0.97 0.16 59.16 0.7 0.99 1.19 30 1.09 2
YJO5 5.7 7.75 1.2 4.1 0.69 0.32 0.62 0.08 0.52 3.8 0.12 0.4 0.06 0.45 0.08 25.89 0.66 2.15 1.32 31.67 1.05 a
Y]J04 6 7.37 1.06 3.7 0.58 0.43 0.46 0.07 0.48 3.4 0.11 0.41 0.07 0.52 0.09 2475 0.62 3.66 1.26 30.91 0.8 ~
YJ03 16.7 21.9 3.36 12.1 2.01 1.35 1.61 0.28 1.89 14 0.44 1.38 0.22 1.65 0.3 79.19 0.64 3.29 1.28 31.82 0.8 %
Y]J02 14.6 179 2.83 103 1.66 0.41 1.52 0.26 1.74 13 0.4 1.24 0.2 143 0.23 67.72 0.6 113 1.29 32.5 0.78 S
YJo1 29.6 32 4.62 144 1.69 0.72 1.49 0.21 1.36 104 0.32 1.15 0.2 1.47 0.27 99.9 0.58 1.99 134 325 1.23 é.
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Table 3

TiO,-normalized values of trace elements for cherts and K-bentonite in this study, Franciscan cherts within 5 m from the basal basalt (Yamamoto, 1987) and average shale

(Turekian and Wedepohl, 1961).

Sample no. Cr/TiO, Ni/TiO, Zn[TiO, Rb/TiO, Sr/TiO, Zr|TiO, Mo/TiO, Ba/TiO, Pb/TiO, Th/TiO,
CYP11 233 123 385 125 178 205 27 7733 65 37
CYP10 286 169 468 110 230 206 44 7320 65 14
CYP09 224 109 498 105 432 208 61 33,800 80 14
CYP08 1100 757 4260 230 778 646 125 20,600 12 530
CYPO7 770 115 630 292 1417 430 43 191,667 78 25
CYPO6 540 145 620 177 663 370 249 80,000 77 20
CYPO5 740 341 446 223 1715 520 83 137,500 11 23
CYP04 458 125 360 236 3000 380 92 248,750 150 22
CYPO3 361 89 191 189 654 321 111 56,000 194 16
CYP02 245 50 198 212 602 310 54 48,786 70 19
CYPO1 590 21 67 157 141 386 7 32,063 141 27
YJ11 1680 560 4060 430 390 300 420 24,200 64 24
YJ10 22 19 48 509 46 576 14 37,037 138 46
YJ09 975 565 2125 103 288 220 102 7000 78 13
YJo8 391 38 - 157 238 273 11 9545 42 22
YJo7 560 208 60 203 116 248 14 14,300 43 21
YJo6 156 77 263 148 249 201 5 11,313 62 19
YJO5 233 115 33 140 232 250 10 27,333 98 20
YJo4 145 36 18 46 237 215 3 17,091 40 15
YJ0o3 170 51 52 157 143 213 3 16,815 23 15
YJ02 135 32 65 143 187 193 3 9750 36 13
YJo1 131 18 219 159 125 174 2 8694 16 14
Franciscan chert 360 440 2100 43 350 340 48 5600 450 33
Average shale 120 88 120 180 390 210 3 750 26 15

Recently, Chang et al. (2008) suggested that cherts from
Liuchapo Formation were chemically precipitated from seawater
based on rare earth element patterns, positive La anomalies, minor
positive Eu and higher Y/Ho (33.6-43.9). Their samples should be
included in the first interval cherts in this study. However, variable
positive Eu anomalies (0.42-3.66) and variable Y/Ho (27.08-36.25)
were observed in our chert samples which suggested that there

maybe another source of Eu apart from seawater. At an earlier
time, Sverjensky (1984) reported that the enrichment of Eu was
only observed under extremely reducing and alkaline conditions,
but this has not been reported in nature (Steiner et al., 2001).
Moreover, the redox condition of this study area is an anoxic envi-
ronment with Fe enrichment, rather than an extremely H,S-rich
euxic environment (Chang et al., 2010). Mobilization of Eu has been
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Fig. 4. Shale-normalized (PAAS; Post-Archean Australian Shale) REE +Y patterns of different samples from the investigated Chuanyanping section (Hunan Province) and the
Yinjiang section (Guizhou Province): (a) I interval chert; (b) Il interval chert and K-bentonite; (c) Ill interval chert; (d) IV interval chert and upper black shale.
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Fig. 5. Plot of Ce/Ce* and Pr/Pr* anomalies for our cherts and black shales. Posi-
tive La anomalies are only present in Cambrian Niutitang Formation black shales
whereas all analyzed cherts show true negative Ce anomalies. We used approach
first described by Bau and Dulski (1996) to discriminate between positive La and
negative Ce anomalies.

found in recent hydrothermal seafloor systems at spreading zones
and in the Red Sea (Michard et al., 1983), which indicates that Eu
anomalies may be used to distinguish hydrothermal alterations.
In Precambrian oceans, REE were not scavenged by Fe—-Mn oxy-
hydroxides shortly after their emission from hydrothermal vent
because of low levels of oxygen (Farquhar et al., 2000). The influ-
ence of hydrothermal fluid (Danielson et al., 1992) characterized
with Eu-anomalies could be a signature of Precambrian ocean. In
the studied area, however, phosphorite interbedded with chert
show higher Y/Ho (up to 56) and negative Eu anomalies (Shields
and Stille, 2001) which might suggest that the positive Eu anomaly
is not a signature of the ambient shallow seawater. Bolhar et al.
(2005) suggested that high temperature water-rock interaction
could not fractionate Y and Ho resulting in the chondritic values of
hydrothermal fluids (Y/Ho as 26-27). In the surface environment,
fractionation of Y and Ho could be caused by the scavenging of REE
by particulate matter in the water column (Nozaki et al., 1997).
So the positive Eu anomalies and slightly super-chondritic Y/Ho in
the first interval cherts provide evidence for the contribution of
hydrothermal fluids.

The second, third and fourth interval cherts also show obvious
positive Eu anomalies and slightly super-chondritic Y/Ho, which
reflects the mixing of seawater with high temperature (>250°C)
hydrothermal fluids (Bolhar et al., 2004, 2005; Friend et al., 2008)
(Fig. 4b-d). The strong Eu anomalies were also observed in the Ni
sulfide minerals of Ni-Mo-PGE ore overlain on the fourth interval
cherts (Steiner et al., 2001). The end of the hydrothermal activity
is demonstrated by straight PAAS normalized REE patterns, posi-
tive La anomalies and abundant clastic materials in the upper black
shales, which are representative of typical detrital shales (Fig. 4d).

Fig. 5 shows the relationship between Ce/Ce* and Pr/Pr* which
indicates the presence of obviously negative Ce anomalies in all the
chert samples. Ce anomalies as low as 0.48 demonstrated that the
decoupling of redox sensitive Ce from its redox insensitive neigh-
bors did occur in the depositional environment of all the cherts (Bau
and Koschinsky, 2009). By contrast, the black shale did not contain
the negative Ce anomalies that recorded the anoxic conditions of
the ambient seawater.

5.1.2. Trace element geochemistry
Trace element concentration normalized by TiO, is a useful
index in understanding the chemical signature and depositional

environment of siliceous rocks (Sugisaki, 1984). We used TiO,
normalized values to estimate the hydrothermal components in
the studied cherts listed in Table 3. The first interval cherts have
higher Cr, Mo, Ba and Pb values than that of the average TiO, nor-
malized shale which suggested that the excess trace elements were
not mainly derived from seawater. The third interval cherts are not
only enriched in Cr, Mo and Ba, but also are enriched in Ni, Zn, Rb,
Sr and Zr compared to the average shale. This observation for the
third interval is similar to that of the Franciscan chert, which is
interpreted as hydrothermal origin by Yamamoto (1987). The dif-
ference of elemental distribution between I and Il interval could be
explained by two alternative reasons: (1) mixing of volcanic mate-
rials (clastic materials) and seawater for I interval cherts and (2)
mixing of hydrothermal fluids and seawater for III interval cherts.
The obvious positive relationships of Cr/TiO2, Ba/TiO and SiO; TiO;
indicated that most of Cr and Ba were derived from Si-rich hydro-
thermal fluids. In the modern ocean, higher Ba concentrations are
interpreted as higher biomass and productivity in upper mixed
layer (Jacquet et al., 2007). It is noted that all the cherts contain
abundant Ba compared to the organic-rich black shales. This also
verifies that higher Ba concentration in the studied cherts was not
controlled by biomass.

5.2. Silicon isotopic system from the E-C boundary

The Si isotopic compositions of all the chert samples from the
E-C boundary could be divided into three groups (Fig. 3): (1) the
first and third interval cherts cover a wide range (839Si=+0.2%.
to +0.7%.); (2) the second interval chert samples show the most
negative values (830Si=—0.3%. to —0.5%.); (3) the fourth interval
cherts yield the most positive 830Si values showing a much more
restricted range (+1.1%. to +1.2%.). Two mechanisms could be used
to explain the Si isotopic variations in these samples. First, the vari-
ations could reflect the mixing of different sources of silicon with
various isotopic compositions (Van den Boorn et al., 2007). Second,
fractionation mechanisms during silicon deposition from silicon-
bearing fluids could account for the variations (Georg et al., 2007;
Beucher et al., 2008; Van den Boorn et al., 2010).

5.2.1. Mixing model

Only based on the silicon isotopic variation (as low as —0.5%.
and as high as +1.2%.) in these studied cherts, it is very difficult
to distinguish if the result arose due to multiple sources of sili-
con, or Si isotopic fractionation during Si deposition. However, we
found that the mineralogy of our cherts is similar to that of Archean
cherts from Carbonne et al. (2011) and the highest 83°Si value in
this study is similar to that of Archean cherts from Van den Boorn
etal. (2007, 2010) which maybe indicate that our cherts could pre-
cipitate from identical Si over saturated condition of reported on
Archean cherts. So the mixing model established by Van den Boorn
et al. (2007) was applied in our study. And the three end-members
model for these cherts from E-Cboundary: (1) hydrothermal fluids,
(2)silicon-rich seawater and (3) volcanic materials, also can be rec-
ognized after combining Si isotopes with Al,03, as illustrated in the
830Si-Al, 05 diagram (Fig. 6). Most of the first interval chert sam-
ples fall on the Al,03-rich side of the graph (>2.94%), whereas other
chert samples are depleted in Al,03 (<2.24%). The Al,03-rich end-
member reflects primarily volcanic materials as it has a 839Si value
close to or slightly above 0%.. The Al,03-poor cherts could then
be interpreted as chemical precipitation from mixtures of 39Si-rich
and 30Si-poor fluid (Van den Boorn et al., 2007, 2010).

Indeed, the highest §30Si value (1.2%.) is similar to that of the
Cambrian Storm cherts from New York State (the most positive
value is 1.3 +0.3%., Robert and Chaussidon, 2006), and that of
stratiform cherts from the North Pole (the most positive value is
1.3%., Van den Boorn et al., 2010). The fourth interval cherts also
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Fig. 6. Correlation between Al,03 content and 83°Si value of chert and K-bentonite
samples.

show the lowest Al,03, TREE and Ba content, similar to seawa-
ter REE pattern. All these observation could have been interpreted
as the influence of 39Si-rich seawater. It also may indicate that
Cambrian seawater had a positive 830Si value greater than 1.2%.,
because of the large fractionation factor between fluid and precipi-
tate Si (—1.5%.). The activity of diatoms and sponges preferentially
removes 28Si from modern seawater, while the continuous supply
30si of river led to the strong positive $3°Si of modern seawater (De
La Rocha et al., 1997; De La Rocha, 2003). However, Siever (1992)
pointed out that there is a lack of an efficient bio-mediated removal
mechanism in Precambrian ocean, which resulted in silicon satura-
tion in seawater. The Precambrian silicon cycle was dominated by
inorganic reactions, which further enrich the remaining seawater
with heavier Si isotopes (such as adsorption of silicon in Fe oxide,
Delstanche et al., 2009, or chemical precipitation of silicon, Van den
Boorn et al., 2010; Abraham et al., 2011).

The lowest $3°Si group (—0.5%. to —0.3%.) in our samples resem-
ble the 830Si values of hot springs in Yellowstone National Park,
Wyoming and Mammoth, California (USA) (Douthitt, 1982), and
those of black siliceous precipitates forming at temperatures above
100°C (—0.6%- to —0.4%., Coplen et al., 2002), which may indi-
cated a significant influence of hydrothermal fluids, combined
with obviously Eu anomalies, highly Ba level and unusual corre-
lation between Ce/Ce* and Pr*Pr* (Fig. 5). The silicon concentration
of hydrothermal fluids is controlled by equilibration between
quartz and fluid at high temperature (200-400°C) and pressure
(100-500 bars) in the reaction zone of convection cells (Von Damm
et al., 1991). As hydrothermal fluid approaches to the near sur-
face environment, the sudden drop of temperature and pressure
results in over-saturation with respect to silicon in the hydro-
thermal fluid. It is true that the $3°Si value of cherts should be
lower than the initial Si isotopic composition of hydrothermal flu-
ids (<—0.3%., Abraham et al., 2011). However, the §39Si value of the
second group cherts is similar to that of Bulk Silicate Earth (BSE)
and hydrothermal fluids, which may suggest that the mixing of sea-
water with the hydrothermal fluid took place before the chemical
precipitation of silicon.

Medium 830Si values of the first and third interval cherts are
similar to the positive values of pure chemical precipitation cherts
(Van den Boorn et al., 2010). And the first interval cherts was inter-
preted as hydrothermal precipitation by Peng et al. (1999). From
the mixing model, the first interval cherts show a mixture of sea-
water and volcanic materials, which also can be confirmed by the
real negative Ce/Ce*, higher TREE, Al,03 and TiO, level. On the
other hand, the third interval cherts show a mixture of seawater

and hydrothermal fluids, which is consist with the observation of
the highly Eu/Eu*, higher Ni and Zn content, lower TREE, Al, 03, TiO,
level, abnormal relationship of Ce/Ce* and Pr/Pr* (Fig. 5). However
another alternative deduction was not excluded based on the depo-
sitional setting of the sedimentary succession of these two chert
intervals (Fig. 1B). The higher Al,05 in the first interval cherts also
could be derived from the basal black shale, enriched in TiO,, Al, 03
and total REE content.

In addition, the first and third interval cherts contain micro-
and meso-quartz grains and quartz veins with mega-crystalline
quartz (Fig. 2C), similar to that of cherts from the Onverwacht
Group (Carbonne et al., 2011). No obvious differences in silicon iso-
topic composition between microquartz grains and quartz veins
were observed in Archean cherts, which suggested that fluid cir-
culation did not largely affect the 83°Si value of the microquartz
grains (Carbonne et al., 2011). Although we lack a §39Si value of
the microquartz grains and quartz veins in this study, we maintain
that the silicon isotopic composition in these two chert intervals
is the primary isotope signature. It is true that the §39Si value of
Cambrian quartz veins is higher than Archean quartz veins, which
is consistent with the suggestion of lighter silicon precipitation ini-
tially from the dissolved phase during evolution of hydrothermal
fluids from 3500 Ma to 800 Ma (Robert and Chaussidon, 2006). Fur-
ther work on the quartz veins should be undertaken to examine
this speculation.

5.2.2. Fractionation model

Si isotope fractionation mechanisms can be better explained by
two separate trends (one linear and one exponential, as shown in
Fig. 7) as opposed to one general linear trend. Fig. 7 shows the
predicted $30Si evolution of fluid and co-existing deposits dur-
ing closed-system (steady-state) and open-system (Rayleigh-type
kinetics) fractionation, respectively, based on the following equa-
tions (Georg et al., 2007):

Steady sate system : SaOSidissoved = 83OSiimtial —ex(1—f);

30¢: 30c:
o Sigeposit = 07" Siinitial + & % f

Rayleigh type system : 83°Sidisso\,ed = 83oSiinmal + &= In(f);
30c; 30c:
S Sldeposit =3 Sldissoved +é&

where 830Siissoved 1S the Siisotope composition of remaining fluids,
83%Sigeposit is the Siisotope composition of chert samples; 830Si;pigial
is the initial silicon isotope composition which we set to be the Bluk
Silicate Earth of —0.3%. (Fitoussi et al., 2009; Savage et al.,2010) and
f1is the fraction of Si remaining in the initial fluids. ¢ is the differ-
ence between $30Sj of dissolved silicon and precipitated silicon.
The isotopic fractionation between dissolved and precipitated sil-
icon has not been determined for cherts. We therefore adopt two
different estimates for the fractionation factor ¢: one small value
is —1.0%., based on the difference between experimentally precip-
itated silicon and dissolved silicon (De La Rocha et al., 1997; Ding
et al., 1996, 2004) and another large value —2.3%., based on the
difference between the most negative 839Si of chert measured in
the Pilbara Craton and hydrothermal fluids (Van den Boorn et al.,
2010).

According to Fig. 7, only Rayleigh-type fractionation could
achieve the more positive 39Si value for cherts after losing enough
precipitated silicon. For € =—-2.3%., the removal of 81% of original
dissolved silicon from solution results in as high as 1.2%. (our most
positive 30Si value found in the fourth interval cherts). Also, the
most positive 39Si value can be generated by Rayleigh fractionation
after precipitation of 92% silicon for € = —1.0%.. In a Rayleigh model,
a gradual increase of d30Si in solution, accompanying with the
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Fig. 7. Siisotope fractionation during precipitation from dissolved phase, modeled
as closed-system (steady-state) and open-system (Rayleigh-type kinetics) fraction-
ation for £ = —1.52%. and —3.0%.. The vertical short dash lines represent f at which
830Sigeposit Of 1.2%. (based on Van den Boorn et al., 2010).

decreasing of silicon concentration of fluid, was observed (Li et al.,
1995; Ziegler et al., 2005). Therefore, the fraction of higher 530Si
that precipitates is much smaller than the earlier precipitates (Heck
et al,, 2011). Recently, Robert and Chaussidon (2006) suggested
that silicon precipitation from hydrothermal fluids depends on the
difference between the temperature and pressure conditions, and
that the silicon content of hydrothermal fluids can be estimated
from a fixed seawater temperature and the estimated f. Their
model was also used by Van den Boorn et al. (2010) who estimated
that the silicon concentration in Archean hydrothermal fluids was
high enough to produce chert with a positive 839Si=1.3%. near
a vent. They also pointed out that the silicon concentration in
the hydrothermal fluid would largely overlap the P-T range of
present-day hydrothermal systems when the seawater tempera-
ture was assumed as 55 °C. In this study, the estimated maximum
silicon concentration in E-C hydrothermal fluids would be greater
than that of Archean, as speculated by Van den Boorn et al. (2010),
even though a lower seawater temperature (25°C) was used to
calculate silicon concentration for the higher ¢ value (—1.0%.).
This deduction would argue against the conclusion that abundant
dissolved silicon in hydrothermal fluid precipitated from 3500 Ma
to 800 Ma (Robert and Chaussidon, 2006). The contradiction could
be attributed to overestimating the fractionation factor (—1.0%.)
and underestimating the initial $3°Si value (—0.3%.).

The average silicon isotope fractionation in the ocean would
have been closer to the value (—3.8%.) of sponges before the onset
of the diatom-dominated ocean (De La Rocha, 2003; De La Rocha
and Bickle, 2005). During the transition from a pre-diatom ocean

to a diatom-dominated ocean, the average 539Si value of seawater
would drop from the higher value of 1.9%. down to roughly 0.8%. in
the modern ocean (De La Rocha and Bickle, 2005). At the same time,
the silicon concentration maintained strongly oversaturated con-
ditions during the Precambrian transitioning to under-saturated
status after the Cenozoic. We predict that the §3°Si values of sea-
water at E-C boundary should vary from +3.5%. to +2.2%. based on
the different ¢ (—2.3%.< &< —1.0%.) (Fig. 7). The deduction is con-
sistent with the 830Si value of silicified stromatolite (830Si=+2.4%.
to +3.4%., Ding et al., 1996) and that of cherts (most of +2.14%.
to +3.48%., Robert and Chaussidon, 2006) from the Jixian Group
in North China during the Mesoproterozoic, which may reflect the
silicon isotopic composition of Mesoproterozoic seawater.

5.3. The volcanic activity during Ediacaran-Cambrian transition

In both investigated sections, an altered volcanic ash layer of
K-bentonite was found associated with the E-C transitional inter-
val (Fig. 1b). The 830Si values of the two K-bentonites were in a
narrow range from 0.0%. to +0.1%. which is similar to the result
of Li et al. (1995), who found that the 830Si value of the fifth
stratum volcanic ash in the Meishucun profile of Yunna Province
was 0.0%. to +0.1%.. Abraham et al. (2011) suggested that the §30Si
value of unsilicified basalts is similar to that of Bulk Silicate Earth
(830Si=—0.28%., Fitoussi et al., 2009). The 830Si value of altered
basalts would increase during the silicification processes which
could explain why the 839Si values of these K-bentonites are closer
to zero.

It is interesting that atop the K-bentonite strata, an apparent
negative Si isotopic excursion was observed in the second interval
cherts (Fig. 3). The phenomenon was also observed in other strati-
graphic sections in South China, such as the Meishucun section in
Yunnan Province (Li et al., 1995), and the Sancha and the Taojiang
sections in Hunan Province (Wang and Chen, 1996; Jiang and Li,
2005). Based on the 839Si value of this interval, they suggested
that these cherts were formed by hydrothermal mineralization.
The temperature of the mixed fluid formed from seawater and
hydrothermal fluid was estimated as 80-98 °C on the basis of the
relationship of O isotopes between cherts and seawater (Jiang and
Li, 2005). Significant enrichment in trace metals such as V, Mo,
Zn, As, and Ba also suggested that hydrothermal fluid played an
important role in governing the geochemical characters of these
cherts. The higher total REE content of the second interval cherts
could be derived from volcanic materials. In fact, it is difficult
to distinguish whether the apparent negative Si isotopic excur-
sion was controlled by hydrothermal fluid or addition of volcanic
materials, although previous study found that the oxygen isotopic
composition of the second interval cherts (3180 =18.12-22.55%.)
showed hydrothermal characteristics (8'80=20.7-23.0%.), rather
than that of volcanic genesis cherts (8180 =1.9-9.2%.) and normal
marine cherts (8180 =25.6%.) (Jiang and Li, 2005). We are inclined
to believe that volcanic activity could trigger a more intense hydro-
thermal fluid flux with higher temperature and lower 839Si into the
ocean.

More than a dozen volcanic ash beds are documented from sev-
eral horizons of the E-C transition of the Yangtze Platform (Zhang
et al., 2004; Zhou et al., 2008). Preserved bed thicknesses range
from several millimeters to several centimeters. These volcanic ash
deposits were separated into two types. The first type consists of
tuffites that were deposited at considerable distance from the vol-
canic center (Zhang et al., 2004). The second type has been altered
to K-bentonites, which are soft, generally thinly bedded (from sev-
eral mm to 10cm) (Luo et al., 2005). From field observation and
previous study, we maintain that the K-bentonites are the product
of alteration of volcanic ash that has fallen into the oceans. Thus, the
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K-bentonites may represent arelatively active tectonic background
and may also suggest changes in the marine sedimentary environ-
ment. These K-bentonites are not only distributed on the Yangtze
Platform, but also on other sites in the world, such as Oman of the
Arabian Penninsula (Amthor et al., 2003). Thus, these ash layers and
the second interval cherts could be taken as markers for volcanic
eruption events and used for stratigraphic correlation.

5.4. Hydrothermal condition of Ediacaran-Cambrian boundary

The temperature of the hydrothermal fluids present at E-C
boundary were inferred from the homogenization temperature of
fluid inclusions within quartz that crosscut the Ni-Mo-PGE poly-
metallic ore deposit hosted in black shale overlying the fourth
interval cherts (260 °C, Lott and Coveney, 1996), and of fluid inclu-
sions within the barite deposit from Guizhou Province (150-190°C,
Yang et al., 2008). These authors also suggested that the hydro-
thermal fluids could have higher temperature and lower salinities
(<10% NaCl) before mixing with seawater and phase-separation
occurred. In this study, the wide range of 83°Si, highly positive
Eu anomalies, unusual correlation between Ce/Ce* and Pr/Pr*, and
highly Cr, Mo, Ba, Ni, Zn-rich observed in these cherts of this study
also indicated occurrence of high temperature hydrothermal fluids.

Given that hydrothermal venting took place both along the
northern and southern marginal zones of Yangtze Platform with
a lateral extent of about 20-50km, Chen et al. (2009) estimated
the area of the vent fields at 50,000-120,000 km?. The estimate
provides reasonable evidence as to why bedded chert deposits so
dominate off the platform interior of Yangtze Platform in South
China. These could not be deposited in a normal continental
marginal slope to basin environment, rather they were likely pre-
cipitated in the marine systems upon the rapid mixing of upwelling
hydrothermal silicon-rich fluids with the cool seawater (Herzig
et al., 1988; Stiiben et al., 1994). In the context of the acceler-
ated breakup of the Rodinia super-continent in Late Neoproterozoic
(Veevers et al., 1997), the South China block was initially subjected
to rifting (Zheng et al., 2008), then evolved into a passive continen-
tal margin basin under extensional tectonics (Wang and Li, 2003),
resulting in episodic thermal anomalies and faulting reactivation
of the antecedent amalgamation zone. Under these circumstances,
hydrothermal fluids enriched in 28Si and other metals at the deep-
seated heat source were driven upwards along fault conduits, and
finally vented into the ocean, forming hydrothermal silica chimneys
or bedded chert deposits, even polymetallic sulfide deposits.

In summary, the hydrothermal activities across the E-C transi-
tion could be an alternative candidate to explain the vast changes
in the oceanic environment, the occurrence of bedded cherts and
massive metallic ore deposits and the biological diversity during
the E-C transition.

6. Conclusions

Silicon isotopic composition and other traditional geochemical
characteristics were measured to unlock the information recorded
in cherts from the Ediacaran-Cambrian transition in the Yangtze
Platform. Slightly positive 339Si values (+0.2%. to +0.7%.) in the
first and third interval cherts indicated that the initial precipi-
tating solution is a mixture of light Si isotope-rich hydrothermal
fluids and volcanic materials and heavy Si isotope-rich seawa-
ter, from which we proposed that chemical deposition occurred
after the mixing of cool seawater with relatively hot hydrothermal
fluids. The most negative §39Si values (—=0.3%. to —0.5%.) in the
second interval cherts were interpreted as an increase in volcanic
materials together with hydrothermal fluid. Silicon isotope frac-
tionation model suggested that the most positive 830Si (+1.2%.)

can be achieved by precipitation of Si from hydrothermal fluid. On
the other hand, the obvious positive Y anomalies and negative Ce
anomalies of these cherts also reflect the contribution of seawater.
We incline to think that the highest §39Si should represent chemical
precipitation from seawater, although the precipitation of enough
silicon also can results in a 839Si of the remaining hydrothermal
fluid near that of seawater. The hydrothermal activity across the
Ediacaran-Cambrian transition was likely of global significance,
which could be a candidate to trigger the anoxic oceanic environ-
ment, the occurrence of chert deposits and massive sedimentary
ore deposits and the diversification of life.
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