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Abstract

The late-Cryogenian — Ediacaran geological framework for South China is constructed
principally from sedimentary successions preserved in the central and western regions of the
Yangtze Block. New stratigraphic and carbonate-carbon isotope data allow us to extend that
framework into the exhumed HP-UHP subduction complexes of the eastern Dabie and Sulu
orogens that separate the South and North China cratons. Those data show that marble and
phosphorous-rich (P-rich) units in those complexes were originally part of an Ediacaran
shallow-marine shelf-carbonate platform. The basal pebbly schist (metadiamictite) and
lowermost P-rich marble of the Jinping Formation (Haizhou Group) in the Sulu Orogen
matches in both facies character and C-isotope profile that of the Marinoan-equivalent glacial-
cap carbonate couplet of the Nantuo and Doushantuo formations. The Daxinwu Formation
(Susong Group) in the eastern Dabie Orogen contains a marble unit that has, for several
hundreds of metres, a strikingly uniform C-isotope profile of low 8'*C positive values and is
overlain by a P-rich graphitic schist; these features match those of the late Ediacaran to early
Cambrian Dengying Formation. These correlations establish that the HP-UHP
metasedimentary rocks, many of which were once considered to be Palaeo- to

Mesoproterozoic in age, are a Neoproterozoic-age cover sequence of the continental margin



of the Yangtze Block. Further, their widespread development limits their utility as indicators
of offset across the Tan-Lu fault zone and, instead, favours tectonic models that interpret that
feature as a continental-scale tear fault formed during the Mesozoic collision and suturing of
the North and South China cratons.

Introduction

The South China region contains two iconic geological features. The first is a Neoproterozoic
succession that archives the evolution of metazoa and the climatic extremes of Snowball
Earth (e.g. Jiang et al. 2007; Xiao et al. 1998; Xiao 2004; Zhou et al. 2001; Zhou and Xiao
2007; Zhu et al. 2007, 2013). The second is an exhumed subduction complex, the Triassic-age
high to ultra-high pressure (HP-UHP) Qinling-Dabie-Sulu orogen (e.g. Faure et al. 2001;
Hacker et al. 1998; Xu et al. 2006; Zheng et al. 2005). Both features contain phosphorous-rich
(P-rich) rocks; those in the former occur as phosphorites and have been studied extensively
(e.g. She et al. 2013; Muscente et al. 2015; Cui et al. 2016) whereas those in the latter occur
as apatite-rich units and are far less understood, as evident by the uncertainty in assigning
their depositional age with estimates initially ranging from Palaeo- to Mesoproterozoic and
now considered to be late Neoproterozoic (Longkang 1991; Pirajno 2013; Yang et al. 1986;
see discussion by Xu et al. 2012).

Our interest was to refine understanding of the geology of the P-rich rocks and their
associated marbles in two supracrustal successions in the Sulu and Dabie orogens, the
Haizhou and Susong groups, respectively. These two units have figured prominently in efforts
to construct the stratigraphic frameworks that link the sedimentary successions of the Yangtze
Block to the metasedimentary rocks in the HP-UHP orogens (e.g. Wu et al. 2007; Xu et al.
2012) and in tectonic models to explain the Tan-Lu fault zone (e.g. Zhao et al. 2016, and
references therein), the c. 700 km-long fault zone that separates the HP-UHP complexes from
the sedimentary interior of the Yangtze Block (Fig. 1A-C). Here we report new stratigraphic

and carbonate-carbon isotope data that are pertinent in assessing the Precambrian geological



evolution proposed for South China. Our findings enable us to correlate the occurrences of the
HP-UHP subduction complex marbles and associated P-rich rocks in the eastern Dabie and
southern Sulu orogens to the late-Cryogenian — Ediacaran succession in the central and
western parts of the Yangtze Block, and show that the marbles and P-rich rocks were

originally part of an extensive carbonate shelf-platform that fringed the South China craton.
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Figure 1. A. Tectonic components of the South China craton and location of the Qinling-
Dabie-Sulu orogenic belts. BJ-Beijing, SH-Shanghai. B. Distribution of successions
containing P-rich rocks adjacent to the Tan-Lu fault zone (from Longkang 1991). C.
Simplified rock-distribution map of the Haizhou-Jinping area with location of U-Pb

detrital zircon ages obtained by Zhou et al. (2012). D. Generalised Ediacaran stratigraphy

of the Yangtze Block; C-isotope trend is based on many sources (see text for citations).

Age constraints for the Doushantuo Formation are from Condon et al. (2005) and for the
Dengying Formation from Chen et al. (2015).

Background

The South China craton was formed by the tectonic welding of the Yangtze and Cathasia
blocks during the Tonian Jiangnan (or Sibao) orogeny (e.g. Cawood et al. 2017), although the
exact nature of this suturing remains a subject of debate (e.g. Charvet 2013; see discussions in
Yang et al. 2016 and Wang et al. 2014). Subsequent to that suturing, during the late
Neoproterozoic, the Yangtze Block became an extensive shallow-marine carbonate platform-

slope-basin (Fig. 1A), particularly well studied and represented by the Marinoan-equivalent

Nantuo Formation glacial diamictite, its cap carbonate sequence, the Doushantuo Formation,



and the overlying Dengying Formation (Fig. 1D; Cui et al. 2016; Han et al. 2015; Jiang et al.
2003, 2007, 2008, 2011; Li et al. 2013; Li et al. 2017; Ling et al. 2007; Lu et al. 2013;
Muscente et al. 2015; Sato et al. 2016; Tahato et al. 2013; Wang et al. 2016; Xiao et al. 2014;
Zhou and Xiao 2007; Zhou et al. 2001; Zhu et al. 2007, 2013). Those units also contain
numerous ash beds and dating of those tuffs by U-Pb geochronology on zircon provides some
of finest absolute age constraints for any late-Cryogenian — Ediacaran succession worldwide:
the glacigenic Nantuo Formation is bracketed between 655 and 635 Ma in age (Condon et al.
2005; Zhang et al. 2005, 2008; Zhou et al. 2004), the basal Doushantuo Formation is 635 Ma
in age (Condon et al. 2005), the contact between the Doushantuo and Dengying formations is
551 Ma in age (Condon et al. 2005), and the top of the Dengying Formation is near the
Precambrian-Cambrian boundary at 542 Ma in age (Chen et al. 2015). Further, two
stratigraphic intervals contain some of the best-developed and -preserved Ediacaran fossils
and phosphorites: one is within the fossiliferous shelf-platform sections of the Doushantuo
Formation and the other is the top of the Dengying Formation (Cui et al. 2016; Jiang et al.
2007; Li et al. 2013; Muscente et al. 2015; She et al. 2013; Xiao and Knoll 1999; Xiao et al.
1998; Zhou et al. 2001, 2007; Zhu et al. 2013).

Our work provides insight into extending and refining understanding of the Ediacaran
geology of the Yangtze Block, from the well-studied areas concentrated in its central and
west-central regions, into the Dabie and Sulu orogens. Those orogens formed during the early
Mesozoic when the margin of the South China craton was subducted beneath the North China
craton; the subduction complexes were subsequently exhumed to form the HP-UHP eclogitic-
blueschist rocks of the Qinling-Dabie-Sulu orogens (e.g. Cawood et al. 2017; Chen et al.
2016; Xu et al. 2006; Zheng et al. 2005). In places, those rocks have microdiamonds and
coesite, indicating peak metamorphic conditions as high as 2.5 GPa and 850° C that were
reached at 240-220 Ma (e.g. Gao et al. 2011; Chen et al. 2016). In both the Dabie and Sulu

orogens, successively lower-grade rocks occur in fault-bound slices outward from (i.e.



towards the non-subducted part of the Yangtze Block) the UHP rocks: the Susong Group in
the Dabie Orogen and the Haizhou Group in the Sulu Orogen, and their correlatives, are two
such examples. In many places, the exhumed HP-UHP complexes and areas adjacent to those
are intruded by Mesozoic granitoids and overlain unconformably by Jurassic siliciclastic and
Cretaceous volcaniclastic strata (e.g. Liu et al., 2011; Wang et al. 2017; Zheng et al. 2005).
Thus, determining the age and provenance of the original protoliths of the rocks comprising
those orogenic belts requires seeing through a Mesozoic tectonothermal overprint.

Methods

Standard sampling, mapping and section measuring techniques were employed to study the
Haizhou and Susong group rocks in the field in their type areas. A total of 74 carbonate rock
samples were collected for C-O stable isotope analyses. In that the rocks have experienced
varied degrees of metamorphism, from lower blueschist facies for the Susong Group to upper
greenschist-lower amphibolite facies for the Haizhou Group (based on our own observations
and consistent with the published literature, see below), care was taken to sample rocks that
were free of visible fractures, alteration zones and/or coarser spar textures.

Stable isotope analyses of §'%0 and 8'°C in calcite and dolomite were undertaken in
the Stable Isotope Lab of the State Key Laboratory of Palaeobiology and Stratigraphy,
Nanjing Institute for Geology, Paleontology and Stratigraphy (NIGPAS), Nanjing, China, and
at the University of Tartu, Tartu, Estonia; the analyses were done independently using
aliquots split from the same sample (see Table 1). Samples analysed at NIGPAS were first cut
in half and cleaned and then microdrilled to obtain 0.03 mg of powder. These aliquots were
then reacted and analysed using a Kiel IV Carbonate Device connected to a Thermo Fisher
MAT-253. In Tartu University, stable isotope ratios were measured in micro-drilled powdered
samples on a Thermo Scientific Delta V Advantage continuous flow isotope ratio mass
spectrometer with precision (2c) of 0.1%o. Reproducibility in both labs was better than +0.1%o

for §'%0 and +0.1%o for 8'3C. The results of carbonate mineral analyses are expressed in per



mil deviation relative to the Vienna PeeDee Belemnite (VPDB) scale for oxygen and carbon.
The §'30 values are corrected for phosphoric acid fractionation factor for calcite and dolomite
(Rosenbaum and Sheppard 1986).

Carbonate C-O isotope and XRD data

Results for both sample sets, and their geological implications, are discussed separately in the
sections that follow. In brief, carbonate-carbon and -oxygen isotope plots and cross-plots (Fig.
2A-C) show that the Xinling Mine section (Jinping Formation, Haizhou Group, Sulu Orogen:
mine entrance at 34.6417° 119.1725°) and the Luiping section (Daxinwu Formation, Susong
Group, Dabie Orogen: base of section at 30.3416° 115.9458°) have distinctive and non-
overlapping C-O isotope compositions. Further, the carbonate-carbon and -oxygen isotope
data do not exhibit covariance (Fig. 2C). We use these two analytical findings to infer that the
carbonate-C isotope compositions for both the Xinling Mine and Luiping sections record
mostly original depositional values, as is typical for carbonate rocks that are usually well
buffered against significant post-depositional modifications of their C-isotope composition.

We interpret the low values for the oxygen isotopes of the Xinling Mine section (average
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Figure 2. Cross-plot of C-O isotope data for the Jinping Formation (Haizhou Group) in the
underground Xinling Mine section (39 samples) and the Daxinwu Formation (Susong
Group) in the Luiping section (35 samples). NIGPAS-Nanjing Institute of Geology,
Paleontology and Stratigraphy, Nanjing, China. Isotope data were obtained on split
aliquots of the same sample that were analysed independently at NIGPAS and Tartu
University, Tartu, Estonia.



5'%0 V-PDB of -16.3%o and -17.2%o from analyses at NIGPAS and Tartu University,
respectively) to be a consequence of resetting of their depositional values during upper-
greenschist to lower-amphibolite facies metamorphism associated with the Sulu orogeny. The
lower oxygen isotope values of the Luiping section (average 80 V-PDB of -7.8%o and -
9.0%o from analyses at NIGPAS and Tartu University, respectively) may archive original
depositional values but most likely reflect lesser resetting (relative to the Haizhou Group)
during the blueschist facies metamorphism experienced by this part of the Dabie Orogen.

The 74 samples were also analysed by X-ray diffractometry (XRD) at Tartu
University (Table 2). Samples were pulverised by hand in an agate mortar, and unoriented
preparations were made in standard steel sample holders. The preparations were scanned on a
Bruker D8 Advance diffractometer using a Johannson-type Vario 1 focussing primary
monochromator filtered CuKa; radiation and LynxEye positive sensitive detector in 2—70° 2

range with step size 0.015° and counting time 1 s per step. The mineralogical composition

of the samples was interpreted and modelled using the Rietveld algorithm-based code Topaz.
The relative error of quantification is better than 10% for major phases (>5 wt%) and better
than 20% for minor phases (<5 wt%).

The XRD analyses reveal two main P-rich intervals in the Xinling Mine section: one
from 2-11 m above the base of the lower marble unit, in which apatite varies from 5-70 wt.%,
and another at 17-26 m above the base with apatite varying between 8-50 wt.%. Further, 0.1-5
wt.% gypsum occurs from 1-3 m above the base and 0.5-10 wt.% barite from 3-17 m. The
XRD analyses also confirm the observations made on the carbonate rocks whilst logging the
section in the underground Xinling Mine: the basal 2-3 m and upper 15 m of the section are
dominated by dolomitic marble with the intervening interval characterised by interlayered
calcitic and dolomitic marbles. For the Daxinwu Formation in the Luiping section, XRD
analyses confirm that the marbles are dolomitic.

Sulu Orogen, Xinling Mine section: Jinping Formation of the Haizhou Group



The Haizhou Group occurs discontinuously along the southern margin of the HP-UHP zone
of the Sulu Orogen (Fig. 1C). It is at least several kilometres thick and garnetiferous
amphibolites are indicative of upper greenschist to lower amphibolite facies metamorphism,
consistent with the documentation of the adjacent blueschist facies rocks of the Sulu orogen
(phengite, glaucophane and jadeite with P-T estimates of 0.7-0.85 GPa and 350°-450° C) that
were retrogressed to upper greenschist facies during the late Triassic (Qiu et al. 2003; Wang
et al. 2017; Xu et al. 2006). Whilst mapping the eponymous type area of the Hiazhou Group,
Longkang (1991) identified four units (Fig. 3A): (i) migmatised granitoid and felsic
orthogneiss; (i) a discontinuously developed pebbly schist from 1-10 m in thickness that
overlies unconformably the gneissic rocks; (iii) a unit of marble, P-rich marble and graphitic-
pelitic schist; and (iv) interlayered quartz-albitic and amphibolitic schists. The first two
metasedimentary units comprise the Jinping Formation and the third defines the Yuntai
Formation (Zhou et al. 2012), which is in fault contact with the Jinping Formation and
thought to represent a metamorphosed bimodal volcanic sequence (Longkang 1999).

Deep weathering, thick vegetation and the extensive conurbations of Haizhou and
Jinping restrict obtaining detailed field-based observations but we were granted permission to
examine and sample along an adit several hundreds of metres below the surface in the
underground Xinling phosphate mine that afforded access to a continuous section of the lower
part of the Jinping Formation, from its contact with the orthogneiss through 30 m of its
lowermost P-rich marble unit (Fig. 3B,C). In the adit, the base of the pebbly schist can be
observed to be welded to the underlying granitic gneiss along an irregularly scalloped
erosional surface (Fig. 4A). The pebbly schist is 15 m thick with clasts of gneiss, quartzite
and rarer fine-grained siliciclastic (meta)sedimentary rocks that are dispersed widely through
the matrix and commonly flattened by tectonic strain. Above this is 7 m of clast-poor

graphitic-psammitic-pelitic schist and then, a sharp contact (Fig. 4B) with the lowermost P-
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Figure 3. A. Simplified geological map
of the Haizhou area, Sulu Orogen (after
Longkang 1991). B. Generalised
stratigraphy of the Jinping Formation;
detrital zircon ages are from Zhou et al.
(2012). C. Measured section of the
Jinping Formation along the adit of the
underground Xinling Mine; circled
letters to left of the column are position
of photographs in Figure 4. D. C-isotope
profile for the Xinling Mine section.
Isotope data were obtained on split
aliquots of the same sample that were
analysed independently at the Nanjing
Institute of Geology, Paleontology and
Stratigraphy (NIGPAS), Nanjing,
China, and Tartu University, Tartu,
Estonia.

rich marble unit of the Jinping Formation. The base of that unit is marked by a 0.5 -1.5 m

thick dolomarble and freshly mined blocks of this rock reveal that its lower part is a sheet-

cracked dolomicrite that passes upward into a dolostone with irregularly shaped, dolomite-

and quartz-spar-filled vugs (Fig. 4D). Above the basal dolomarble is a 17-m thick succession

of dolomitic-calcitic rhythmite, thin- to medium-bedded dolomitic-calcitic marbles with P-

rich intervals, siliceous marbles and thin layers of pelitic and graphitic schists (Fig. 4E,F).

The topmost 8 m is a variably P-rich dolomitic-calcitic marble with thin, discontinuous

partings of schist overlain sharply by several metres of pelitic schist containing mm- to a few-

cm-thick carbonate beds. The rest of the section was not accessible for examination. We



obtained 39 samples along the mine adit and these yielded a carbonate-C-isotope profile
marked by (Fig. 3D): (i) the basal dolostone exhibiting a trend in §'*C from negative to

positive values and (ii) a jagged pattern of mostly positive but also including negative §'*C
values through the remainder of the section.

Figure 4. Photographs of Jinping
Formation rocks; A, B, D-F are from
the underground Xinling Mine. A.
Unconformable contact between
Proterozoic granitic gneiss basement
1 and overlying pebbly schist. B. Clast-
Smses il poor pelitic-psammitic-graphitic
graphitic schist schists beneath the lowermost
dolostone of the Jinping Formation,
which is interpreted herein as a
D& | Marinoan-equivalent cap dolostone

: (scale of photo is the same as that for
Fig. 4A). C. Pebbly schist in outcrop;
deep weathering is typical of
exposures in the region and the more
obvious clasts are outlined by dashed
lines and arrows point to cavities
formed by weathered-out clasts; inset
photo in bottom right shows a close-up
of a granitoid clast. D. Block of basal
dolostone from the Xinling Mine;
lowermost portion is a tan-yellow
dolomicrite with thin sheet cracks
overlain by a dolostone containing
dolo- and/or quartz-spar-filled vugs. E.
P-rich dolo-limestone unit. F. Dolo-
limestone rhythmite overlain by
graphitic schist. See Figure 3 for
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As noted above, the Haizhou roup was originally inferred to be Palaeo-
Mesoproterozoic in age and correlated with rocks in the Dabie Orogen that were thought to be
of similar age (Longkang 1991; Yang et al. 1986; see discussions by Xu et al. 2012 and Zhou
et al. 2012). U-Pb dating on detrital zircons recovered from the Haizhou Group, however,
confirm that these units can be no older than Ediacaran (Fig. 1C): the youngest detrital zircons
limit the maximum age of the lower and upper Jinping Formation to 654 £19 Ma and 635 +9

Ma (1o), respectively (Xu et al. 2012). Thus, the Haizhou Group is a likely correlative to
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Cryogenian-Ediacaran rocks preserved elsewhere on the Yangtze Block. In fact, the
lowermost P-rich marble unit of the Jinping Formation in the Xinling Mine adit matches well
the facies and C-isotope chemostratigraphic characteristics of the lower part (initial few tens
of metres) of the shelf-platform sections of the Doushantuo Formation in the central and
western regions of the Yangtze Block (see Fig. 7). There, four members have been identified
(e.g. Jiang et al. 2011; Li et al. 2013; Ling et al. 2007; Muscente et al. 2015; Sato et al. 2016;
Wang et al. 2016; Zhou et al. 2007; Zhu et al. 2007, 2013). The first is a basal, sheet-cracked
to vuggy dolostone, 1-6 m thick, that is recognised as the Marinoan-equivalent cap carbonate
with negative §'°C values that trend into positive values (the dolostone can exhibit many tens-
of-per-mil variations over cm-scale vertical distances; Jiang et al. 2003; Sato et al. 2016); the
basal dolostone of the Jinping Formation displays such features. The second member is a unit
of thin- to medium-bedded carbonate rocks with variably organic- and P-rich intervals (e.g.
phosphorites, phosphatic fossils) and a jagged 8'*C profile of mostly positive, but also
negative, 8'°C values (e.g. Jiang et al. 2008; Zhou and Xiao 2007; Zhu et al. 2013); this is
matched by the P-rich marble unit of the Jinping Formation. The other two members of the
Doushantuo Formation, medium- to thick-bedded carbonate rocks typically containing a
negative 8'°C excursion that has been equated to the Ediacaran Shuram anomaly (e.g. Wang
etal. 2012, 2016; Lu et al. 2013; although this correlation is complicated by the presence of
slumped units, e.g. Lu et al. 2013) and an organic-rich shale, may be present in the Jinping
Formation but we were unable to access the part of the adit that exposed the remainder of the
Formation. Nonetheless, based on their shared traits, we interpret the lowermost part of the
lower P-rich marble unit of the Jinping Formation as being correlative with the lower part of
the Doushantuo Formation cap carbonate.

What is more difficult to determine is if the pebbly schist and schistose rocks that
comprise the basal part of the Jinping Formation can be interpreted reasonably as a

metamorphosed correlative of the end-Cryogenian glacigenic Nantuo Formation. Our
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observations showed, like those made by previous workers (e.g. Longkang 1991), that the
pebbly schist is marked by a fine-grained micaceous-quartzitic matrix containing numerous,
widely dispersed clasts of gneissic rocks, quartzites and rare fine-grained (meta)sedimentary
clasts, all from 1 cm to more than 50 cm in size. In other words, it is a metamorphosed
diamictite. That, though, does not make it glacial in origin and the deformational overprint
combined with deep weathering (see Fig. 4C) hinders identifying glacigenic features such as
dropstones or multiply striated bullet-shaped clasts. However, interpreting the basal pebbly
schist of the Jinping Formation as a correlative of the end-Cryogenian Nantuo Formation
glacigenic diamictite is consistent and compatible with the recognition of the overlying P-rich
marble unit as the Marinoan-equivalent cap carbonate. Thus, we conclude that the lower part
of the Jinping Formation is the metamorphosed equivalent of the Nantuo-Doushantuo glacial-
cap carbonate couplet.

Dabie Orogen, Luiping section: Daxinu Formation of the Susong Group

In the eastern part of the exhumed subduction complex of the Dabie Orogen, rocks attributed
to the South China craton can be categorised into four main terranes (Zheng et al. 2005; Li et
al. 2011), from north to south: UHP migmatised granulites, UHP eclogites, HP-UHP eclogitic
blueschists, and the low-grade metasedimentary Susong Group and its correlatives (an
outstanding summary of the latter is given by Xu et al. 2012). As noted previously, many of
the metasedimentary sequences and para- and ortho-gneiss complexes in the Dabie Orogen
were originally thought to be Palaeo-Mesoproterozoic in age but U-Pb geochronology has
shown that to be mistaken. In brief, U-Pb dating of magmatic zircon obtained from mid-upper
crustal granitoid gneisses throughout the Dabie orogen produce ages that range mostly from
800-720 Ma (e.g. Ames et al., 1996; Hacker et al. 1998; Hu et al. 2010; Rowley et al. 1997;
Wu et al. 2007; Xie et al. 2004) with somewhat older ages of 860-760 Ma obtained for the
cores of magmatic zircons derived from lower-crustal granulites in the UHP terrains in the

northern part of the orogen (e.g. Ling et al. 2003; Liu et al. 2007, 2011; Wu et al. 2012; Xu et
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al. 2016). In other words, the protoliths that define the underlying basement for the
metasedimentary sequences in the Dabie Orogen are mostly Tonian to Cryogenian in age,
which makes their supracrustal cover sequences that age or younger. Many workers have
noted this and have suggested that the P-rich marbles, whether they occur in the HP-UHP
complexes in the central and northern parts of the Dabie Orogen or in the Susong and
Hong’an groups in the eastern and western Dabie Orogen, respectively, and Zhangbaling
Group in the eponymous Uplift area (see Fig. 1B), are the metamorphosed equivalents of the
Cryogenian-Ediacaran (‘Sinian’) sedimentary successions and underlying Proterozoic
basement of the Yangtze Block (e.g. Rumble et al. 2000; Zheng et al. 1998, 2005; Wu et al.
2007; Xu et al. 2012). Our work focussed on trying to refine that proposed correlation.

The Luiping area contains one of the best developed exposures of the Susong Group
(Fig. 5A,B). The geology of that area in the eastern Dabie Orogen consists of a granitic gneiss
basement (Dabie Complex), the unconformably overlying Daxinwu Formation, the P-rich
Luiping Formation, and the Hutashi Formation. Our stratigraphic mapping and sampling
transect provide additional details (Fig. 5C). The base of the Daxinwu Formation defines an
irregularly scalloped, erosive unconformity surface on the underlying foliated granite of the
Dabie Complex and above which is a variably developed coarse to pebbly arkose
(meta)sandstone. The (meta)arkose unit fines upward over 30-40 m into micaceous
(meta)sandstone and fine psammitic metapelites. The next 150-200 m is a patchily exposed
pelitic-psammitic-white mica schist interval that passes gradational into a finer-grained white-
mica schist. This siliciclastic interval is overlain sharply by the first of two finely crystalline
to lutitic, white dolomarble units. Both marble units are exposed poorly: the lower one is

about 100 m thick and the upper one about 150 m thick, and they are separated by a similarly
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poorly exposed interval, 100-150 m thick, of pelitic-psammitic schists and fine-grained

quartzites. P-rich graphitic-pelitic schists of the Luiping Formation overlie the Daxinwu

marble interval, but the contact is not exposed. Above the Luiping Formation are the quartz-

feldspathic-Mn schists, metafelsites and amphibolites of the Hutashi Formation; the contact
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between the formations is also not exposed. We defer further description of those units until
they can be better studied but we highlight two aspects. Firstly, prior to being
metamorphosed, the Luiping Formation would have been variably organic- and P-rich fine-
grained siliciclastic rocks that followed deposition of carbonates (i.e. the marble units in the
Daxinwu Formation). Secondly, the lowermost exposures of both the quartz-feldspathic-Mn
schist-metafelsite unit of the lower Hutashi Formation and the amphibolite-metafelsite
interval in the upper part of the Hutashi Formation are zones of intense shearing and
mylonitisation that are many tens of metres thick. Thus, the Hutashi Formation is not in
stratigraphic continuity with the underlying Susong Group rocks (Luiping and Daxinwu
formations) and is itself dissected by major mylonitised shear zones.

We took 35 samples of the two marble units in the Daxinwu Formation (14 from the
lower unit and 21 from the upper unit) and the resulting carbonate-C isotope profile is
remarkable (Fig. 5D): invariantly flat §'°C values of 0 to 1%o over the entire stratigraphic
thickness (200-300 m) of both marble units. As explained above, the metasedimentary
successions in the Dabie Orogen must be younger than their underlying basement rocks,
which are mostly 860-700 Ma in age. Thus, the lithostratigraphic and C-isotope
chemostratigraphic characteristics of the marble-dominated portion of the Daxinwu
Formation suggest that it is a metamorphosed equivalent of the late Ediacaran Dengying
Formation, which is known to be 551-542 Ma (e.g. Condon et al. 2005) in age and is the only
Ediacaran-early Cambrian unit to be marked by a consistently flat C-isotope profile of low
positive §'3C values like that of the Daxinwu’s (see Fig. 7).

Zhangbaling Uplift
The Zhangbaling Uplift occurs along the southeast margin of the Tan-Lu fault zone
approximately midway between the Luiping and Jinping regions (Figs. 1, 6A,B). Zhao et al.

(2014, 2016) have studied in detail the geology of the Uplift and have defined three
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subdivisions. The first, the Feidong Complex, is limited to the southern segment of the Uplift

and consists of amphibolite-facies ortho- and paragneiss, schist, marble and amphibolite. The
second is the upper-greenschist facies metavolcanic rocks of the Xileng Formation, the
pelitic-psammitic schists of the Beijiangjun Formation (these two formations define the
Zhangbaling Group), the phyllite and metasandstone of the Zhougang Formation, and the
metadiamictite (pebbly phyllite) of the Sujiwan Formation, which has been correlated to
‘Sinian tillites’ in the non-metamorphosed parts of the Yangtze Block (Zhao et al. 2014). The
third subdivision is the lesser-deformed dolostones and limestones identified as being
correlative with the Doushantuo and Dengying formations (Zhao et al. 2014). Lower
Palaeozoic rocks are also present, but are minor, and in many places the Uplift is intruded by

Cretaceous granites and overlain unconformably by Cretaceous silici- and volcaniclastic

16



rocks. Two key geochronological constraints have been established by Zhao et al. (2014):
weighted mean U-Pb SHRIMP ages of c¢. 754 Ma, with several grains as young as 722-709
Ma, for the intermediate to felsic metavolcanites of the Xileng Formation, and 800-745 Ma
protolith ages for the Feidong Complex, such as the Fuchashan and Dahengshan metagranites.
Thus, these ages confirm that the metasedimentary rocks in the Uplift can be no older than
late Tonian, and likely younger, in age.

We examined in reconnaissance fashion the P-rich interval in the Shuangshan marble
of the Feidong Group in the southern segment of the Uplift (Fig. 6B). There, much faulting
and mylonitisation have compromised obtaining meaningful stratigraphic relationships but
what is revealing is that the P-rich intervals are associated with thick calcitic-dolomitic
marble sequences. Given that Ediacaran rocks are known for the northern segment of the
Uplift and that, as highlighted herein, other P-rich rocks adjacent to and within the Dabie-
Sulu orogens are Ediacaran in age, then it is reasonable to conclude that the Shuangshan P-
rich marble is also Ediacaran in age. Considering, then, correlations to the non-
metamorphosed succession on the Yangtze Block, P-rich rocks there have two distinct facies
associations. The first typifies the phosphorites in the Doushantuo Formation, which occur as
thin interbeds in organic-rich shale and carbonate rocks. The second is found in the Dengying
Formation: dark, P-rich shales above a thick dolostone-limestone succession (e.g. the
Zhongyicun Member; Li et al. 2013). The character of the P-rich marbles in the Zhangbaling
Uplift match better the latter facies association, i.e. thick marbles overlain by P-rich rocks
associated with graphitic-quartz-feldspathic schists. Thus, we conclude that the P-rich marbles
in the Zhangbaling Uplift are the deformed correlatives of the carbonate-phosphorite interval
that occurs near the top of the Dengying Formation.

The Zhangbaling Uplift rocks contain no evidence for blueschist or UHP
metamorphism, the geochronological data and identification of the Doushantuo-Dengying

formations in the northern segment of the Uplift (Zhao et al. 2014, 2016), and our inferred
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correlation of the P-rich marble units in the southern segment of the Uplift to the Dengying
Formation, concur with the findings of Zhao et al. (2014). Thus, the metasedimentary rocks of
the Zhangbaling Uplift are part of the late Ediacaran shelf-platform succession of the Yangtze
Block.

Discussion: Ediacaran palacogeography and the nature of the Tan-Lu fault zone

Our new data allow us to infer that the subduction complexes in the exhumed HP-UHP Dabie
and Sulu orogens and the areas adjacent to those are the deformed Ediacaran carbonate shelf-
platform rocks that typify the central and western regions of the Yangtze Block. This
conclusion is supported by our carbonate-C isotope data for the Jinping Formation of the
Haizhou Group in the Sulu Orogen and the Daxinwu Formation of the Susong Group in the
Dabie Orogen (Fig. 7). The 8'C profiles for the former matches well the lower part of the
Doushantuo Formation in its shelf-platform settings and is distinct from the Doushantuo’s
slope-basin 8!°C trend. Likewise, the flat §'3C profile of the Daxinwu Formation matches that
of the Dengying Formation. Further, the basal pebbly schist of the Jinping Formation can be
interpreted reasonably as the metamorphosed correlative of the end-Cryogenian Nantuo
Formation glacigenic diamictite.

Those correlations enable us to extrapolate the geochronological constraints
established for the non-metamorphosed Ediacaran successions to the rocks of the Dabie (DO)
and Sulu (SO) orogens and Zhangbaling Uplift (ZU) (Fig. 7): (i) the pebbly schist/phyllite at
the base of the Jinping Formation (SO), and probably also the diamictite of the Sujiwan
Formation (ZU), are correlative with the end-Cryogenian Marinoan glacial that has been
bracketed between c. 639-635 Ma in age (Zhang et al. 2008; Prave et al. 2016); (ii) the lower
Jinping Formation P-rich marbles (SO) are a Marinoan-equivalent cap carbonate, known to be
635 Ma in age (Condon et al. 2005; Hoffmann et al. 2005); and the (ii1) Daxinwu Formation
marble units (DO) through the P-rich rocks of the Luiping Formation (DO) and the

Shuangshan P-rich marbles (ZU) would be between c. 551 Ma to early Cambrian in age,
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given their inferred correlation with the Dengying Formation (Condon et al. 2005; Chen et al.

2015;Li et al. 2013). We are uncertain how to explain the apparent absence of the Marinoan-
equivalent glacial-cap carbonate couplet in the Susong Group but offer two possibilities:
either the Susong Group is younger than the Marinoan glaciation or the Marinoan glacial-cap
carbonate couplet is present but was overlooked due to poor exposure. Assessing which is the
correct answer requires additional field study.

Our findings also provide insights into and assessment of tectonic models of the Tan-
Lu fault zone. The Tan-Lu fault trends northeast for hundreds of kilometres along the juncture
of the North and South China cratons (Fig. 1A). The general interpretation is that it is a
sinistral strike-slip fault with as much as 500 km or more of offset (e.g. Xu and Zhu 1994;

Zheng et al. 2005). In this model, the occurrence of P-rich marbles juxtaposed with blueschist
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facies rocks in both the Dabie and Sulu orogens was used to infer that the two HP-UHP
orogenic belts were once a linearly contiguous belt of rocks that became dismembered by the
Tan-Lu fault. Noteworthy is that in this interpretation the displaced rocks, specifically the
Haizhou and Susong Groups, were thought to be Palaco-Mesoproterozoic in age (e.g.
Longkang 1991; Pirajno 2013; Yang et al. 1986; see discussions by Xu et al. 2012 and Zhou
et al. 2012). In contrast, Zhou et al. (2016) interpret the Tan-Lu fault zone as a continental-
scale tear fault formed by the indentation of a rigid promontory of the North China craton into
the South China craton during the Mesozoic suturing of the two cratons. In this model, the
present distribution of HP-UHP rocks along the Tan-Lu fault represents differential
exhumation and preservation of the now dismembered but once widespread continental
margin of the Yangtze Block. Our data indicate that the Susong Group rocks in the eastern
Dabie Orogen and the Haizhou Group rocks in the Sulu Orogen, along with the rocks of the
Zhangbaling Uplift, were indeed part of an extensive carbonate shelf-platform that fringed the
entire margin of the Yangtze Block during Ediacaran time (Fig. 8). Because these rocks had
an extensive distribution, rather than restricted to a single linear orogenic belt, they cannot be
used as pierce points for determining magnitude-of-offset. This finding refutes a key line of
evidence for strike-slip interpretations but is compatible with the rigid indenter-tear fault

model for the origin of the Tan-Lu fault zone.
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Summary

New stratigraphic and carbonate-C isotope chemostratigraphic data for the Susong and
Haizhou Groups of the Dabie and Sulu orogens, respectively, show that they are correlative to
the end-Cryogenian through Ediacaran Nantuo-Doushantuo-Dengying successions that typify
the central and western portions of the Yangtze Block. A metadiamictite (pebbly schist) at the
base of the Jinping Formation of the Haizhou Group in the Sulu Orogen can be reasonably
interpreted as correlative with the glacigenic Marinoan-equivalent Nantuo Formation. Further,
the lowermost P-rich marble interval of the Jinping Formation matches in lithofacies character
and 8'3C profile the lower part of the Doushantuo Formation cap carbonate sequence in its
shallow shelf-platform settings. In the Dabie Orogen, the marble units of the Daxinwu
Formation and the P-rich rocks of the Luiping Formation of the Susong Group are
correlatives of the late Ediacaran — early Cambrian Dengying Formation. This correlation is
supported by the remarkably invariant carbonate-C isotope profiles (low positive 8'3C values
for hundreds of metres of section) exhibited by both the Daxinwu and Dengying formations.
These findings indicate that the shallow-marine shelf-carbonate platform that characterised
the central and western portions of the Yangtze Block during Ediacaran time can be extended
into and across the eastern Dabie and Sulu orogens and Zhangbaling Uplift, as proposed by
Wu et al. (2007) and Xu et al. (2012). Our findings also support the tectonic model that the
Tan-Lu fault zone is a continental-scale tear fault formed by the impingement of a rigid
promontory of the North China craton into the South China craton during the Mesozoic
suturing of the two cratons, as proposed by Zhao et al. (2016).

Acknowledgments

This research was supported by the National Natural Science Foundation of China Grant
Numbers 41473039 and 4151101015, and by the Estonian Science Agency project PUT0696.
Sincere thanks to Professor Wu Weiping of the Geological Survey of Anhui Province for help

in the fieldwork.

21



References cited

Ames, L., Zhou, G., Xiong, B., 1996. Geochronology and isotopic character of ultrahigh-
pressure metamorphism with implications for collision of the Sino-Korean and Yangtze
cratons, central China. Tectonics 15, 472-489.

Cawood, P.A., Zhao, G., Yao, J., Wang, W., Xu, Y., Wang, Y., 2017. Reconstructing South
China in Phnaerozoic and Precambrian supercontinents. Precambrian Research,
https://doi.org/10.1016/j.earscirev.2017.06.001

Condon, D., Zhu, M., Bowring, S., Wang, W., Yang, A. Jin, Y., 2005. U-Pb ages from the
Neoproterozoic Doushantuo Formation, China. Science 308, 95-98.

Charvet, J., 2013. The Neoproterozoic-Early Paleozoic tectonic evolution of the South China
Block: an overview. J. Asian Earth Sciences 74, 198-209.

Chen, D., Zhou, X., Fu, Y., Wang, J., Yan, D. 2015. New U-Pb zircon ages of the Ediacaran-
Cambrian boundary strata in South China. Terra Nova 27, 62-68.

Chen, Y.X., Zhou, K., Zheng, Y.F., Gao, X.Y., Yang, Y.H., 2016. Polygenetic titanite records
the composition of metamorphic fluids during the exhumation of ultrahigh-pressure
metagranite in the Sulu orogen. J. Metamorphic Geology 34, 573-594.

Cui, H., Xiao, S., Zhou, C., Peng, Y., Kaufman, A.J., Plummer, R.E., 2016. Phosphogenesis
associated with the Shuram Excursion: petrographic and geochemical observations from
the Ediacaran Doushantuo Formation of South China. Sedimentary Geology 341, 134-146.

Faure, M, Lin, W., le Breton, N., 2001. Where is the North-South China block boundary in
eastern China? Geology 29, 119-122.

Gao, X.Y., Zheng, Y.F., Chen, Y.X., 2011. U-Pb ages and trace elements in metamorphic
zircon and titanite from UHP eclogite in the Dabie orogen: constraints on P-7-¢ paths. J.
Metamorphic Geology 29, 721-740.

Hacker, B.R., Ratschbacher, L., Webb, L., Ireland, T., Dong, S., 1998. U/Pb zircon ages
constrain the architecture of the ultrahigh pressure Qinling-Dabie orogen, China. Earth and
Planetary Science Letters 151, 215-230.

Han, T., Fan, H., 2015. Dynamic evolution of the Ediacaran ocean across the Doushantuo
Formation, South China. Chemical Geology 417, 261-272.

Hoffmann, K.H., Condon, D., Bowring, S., Crowley, J., 2004. U-Pb zircon date from the
Neoproterozoic Ghaub Formation, Namibia: Constraints on Marinoan glaciation. Geology
32, 817-821.

Hu, J., Qiu, J.S., Xu, X.S., Wang, X.L., Li, Z., 2010. Geochronology and geochemistry of
gneissic metagranites in eastern Dabie Mountains: implications for the Neoproterozoic
tectono-magmatism along the northeast margin of the Yangtze Block. Science China Earth
Sciences 53, 501-517.

Jiang, G., Kaufman, A.J., Christie-Blick, N., Zhang, S., Wu, H., 2007. Carbon isotope
variability across the Ediacaran Yangtze platform in South China: implications for a large
surface-to-deep ocean & °C gradient. Earth and Planet. Sci. Let. 261, 303-320.

Jiang, G., Kennedy, M.J., Christie-Blick, N., 2003. Stable isotopic evidence for methane
seeps in Neoproterozoic postglacial cap carbonates. Nature 426, 822-826.

Jiang, G., Shi, X., Zhang, S., Wang, Y., Xiao, S., 2011. Stratigraphy and paleogeography of
the Ediacaran Duoshantuo Formation (ca. 635-551 Ma) in South China. Gondwana
Research 19, 831-849.

Jiang, G., Zhang, S., Shi, X., Wang, X., 2008. Chemocline instability and isotope variations
of the Ediacaran Doushantuo basin in South China. Science in China Series D-Earth
Sciences 51, 1560-1569.

Lang, X., Shen, B., Peng, Y., Huang. K., Lv, J., Ma, H., 2016. Ocean oxidation during the
deposition of basal Ediacaran Doushantuo cap carbonates in the Yangtze Platform, South
China. Precambrian Research 281, 253-268.

22


https://doi.org/10.1016/j.earscirev.2017.06.001

Li, C., Hardisty, D.S., Luo, G., Huang, J., Algeo, T.J., Cheng, M., Shi, W., An, Z., Tong, J.,
Xie, S., Jiao, N., Lyons, T.W. 2017. Uncovering the spatial heterogeneity of Ediacaran
carbon cycling. Geobiology 15, 211-224.

Li, D., Ling, H-F., Shields-Zhou, G.A., Chen, X., Cremonese, L., Och, L., Thirlwall, M.,
Manning, C.J., 2013. Carbon and strontium isotope evolution of seawater across the
Ediacaran-Cambrian transition: evidence from the Xiaotan section, NE Yunan, South
China. Precambrian Research 225, 128-147.

Li, S., Kusky, T.M., Zhao, G., Liu, Z., Wang, L., Kopp, H., Hoernle, K., Zhang, G., Dai, L.,
2011. Thermochronological constraints on two-stage extrusion of HP/UHP terranes in the
Dabie-Sulu orogen, east-central China. Tectonophysics 504, 25-42.

Ling, H-F., Feng, H-Z., Pan, J-Y., Jiang, S-Y., Chen, Y-Q., Chen, X., 2007. Carbon isotope
variation through the Neoproterozoic Doushantuo and Dengying Formations, South China:
implications for chemostratigraphy and paleoenvironmental change. Precambrian Research
254, 158-174.

Ling, W.L., Gao, S., Zhang, B.R., Li, H.M., Liu, Y., Cheng, J.P., 2003. Neoproterozoic
tectonic evolution of the northwestern Yangtze craton, South China: implications for
amalgamation and break-up of the Rodinia Supercontinent. Precambrian Research 122,
111-140.

Liu, Y-C., Gu, X-F., Li, S-G., Hou, Z-H., Song, B., 2011. Multistage metamorphic events in
granulitized eclogites from the North Dabie complex zone, central China: evidence from
zircon U-Pb age, trace element and mineral inclusion. Lithos 122, 107-121.

Liu, Y.C,, Li, S.G, Gu, X.F., Xu, S.T., Chen, G.B., 2007. Ultrahigh-pressure eclogite
transformed from mafic granulite in the Dabie orogeny east-central China. J. Metamorphic
Geology 25, 975-989.

Longkang, S., 1991. The petrochemistry of the Lower Proterozoic metamorphic rocks from
the Dabieshan-Lianyungang area, the southeastern margin of the North China Platform.
Mineralogical Magazine 55, 263-276.

Lu, M., Zhu, M., Zhang, J., Shields-Zhou, G., Li, G., Zhau, F., Zhao, X., Zhao, M., 2013. The
DOUNCE event at the top of the Ediacaran Doushantuo Formation, South China: broad
stratigraphic occurrence and non-diagenetic origin. Precambrian Research 225, 86-109.

Muscente, A.D., Hawkins, A.D., Xiao, S., 2015. Fossil preservation through phosphatization
and silicification in the Ediacaran Doushantuo Formation (South China): a comparative
synthesis. Palaeogeography, Palaecoclimatology, Palacoecology 434, 46-62.

Pirajno, F., 2013. The Geology and Tectonic Settings of China’s Mineral Deposits. Springer
Science, 679 p.

Prave, A.R., Condon, D.C., Hoffmann, K.H., Tapster, S., Fallick, A.E., 2016. Duration and
nature of the end-Cryogenian (Marinoan) glaciation. Geology 44, 631-634.

Qiu, H.,, Xu, Z., Zhang, J, Yang, J., Zhang, Z., Li, H., 2003, The discovery of glaucophane
greenschist facies rock mass in Lianyungang, northern Jiangsu. Acta Petrologica et
Mineralogica 1, 34-40.

Rosenbaum, J., Sheppard, S.M. F., 1986. An isotopic study of siderites, dolomites and
ankerites at high temperatures. Geochimica et Cosmochimica Acta 50, 1147-1150.

Rowley, D.B., Xue, F., Tucker, R.D., Peng, Z.X., Baker, J., Davis, A., 1997. Ages of
ultrahigh pressure metamorphism and protolith orthogneisses from the eastern Dabie Shan:
U/Pb zircon geochronology: Earth and Planet. Sci. Let. 151, 191-203.

Rumble, D., Wang, Q., Zhang, R., 2000. Stable isotope geochemistry of marbles from the
coesite UHP terrains of Dabieshan and Sulu, China. Lithos 52, 79-95.

Sato, H., Tahata, M., Sawaki, Y., Maruyama, S., Yoshida, N. Shu, D., Han, J., Li, Y.,
Komiya, T., 2016. A high-resolution chemostratigraphy of post-Marinoan Cap Carbonate
using drill core samples in the Three Gorges area, South China. Geoscience Frontiers 7,
663-671.

23



She, Z., Strother, P., McMahon, G., Nittler, L.R., Wang, J., Zhang, J., Sang, L., Ma, C.,
Papineau, D., 2013. Terminal Proterozoic cyanobacterial blooms and phosphogenesis
documented by the Doushantuo granular phosphorites I: In situ micro-analysis of textures
and composition. Precambrian Research 235, 20-35.

Tahata, M., Ueno, Y., Ishikawa, T., Sawaki, Y., Murakami, K., Han, J., Shu, D., Li, Y., Guo,
J., Yoshida, N., Komiya, T., 2013. Carbon and oxygen isotope chemostratigraphies of the
Yangtze platform, South China: decoding temperature and environmental changes through
the Ediacaran. Gondwana Research 23, 333-353.

Wang, J., Chen, D., Yan, D., Wei, H., Xiang, L. 2012. Evolution from an anoxic to oxic deep
ocean during the Ediacaran-Cambrian transition and implications for bioradiation.
Chemical geology 306-307, 129-138.

Wang, S.J., Wang, L., Brown, M., Piccoli, P.M., Johnson, T.E., Feng, P., Deng, H., Kitjama,
K., Huang, Y. 2017. Fluid generation and evolution during exhumation of deeply
subducted UHP continental crust: petrogenesis of composite granite-quartz veins in the
Suku Belt, China. J, Metamorphic Geology 35, 601-629.

Wang, W., Zhou, C., Yuan, X., Chen, Z., Xiao, S., 2012. A pronounced negative excursion in
an Ediacaran succession of western Yangtze Platform: a possible equivalent to the Shuram
event and its implication for chemostratigraphic correlation in South China. Gondwana
Research 22, 1091-1101.

Wang, W., Guan, C., Zhou, C., Peng, Y., Pratt, L.M., Chen, X., Chen, L., Chen, Z., Yuan, X.,
Xiao, S., 2016. Integrated carbon, sulfur, and nitrogen isotope chemostratigraphy of the
Ediacaran Lantian Formation in South China: spatial gradient, ocean redox oscillation, and
fossil distribution. Geobiology 15, 552-571.

Wang, X., Jiang, G., Shi, X., Xiao, S., 2016. Paired carbonate and organic carbon isotope
variations of the Ediacaran Doushantuo Formation from an upper slope section at
Siduping, South China. Precambrian Research 273, 53-66.

Wang, X-L., Zhou, J-C., Griffin, W.L., Zhao, G., Yu, J-H., Qiu, J-S., Zhang, Y-J., Xing, G-F.,
2014. Geochemical zonation across a Neoproterozoic orogenic belt: isotopic evidence from
granitoids and metasedimentary rocks of the Jiangnan orogeny, China. Precambrian
Research 242, 154-171.

Wu, Y., Gao, S., Zhang, H., Zheng, J., Liu, X., Wang, H., Gong, H., Zhou, L., Yuan, H.,
2012. Geochemistry and zircon U-Pb geochronology of Paleoproterozoic arc related
granitoid in the northwest Yangtze Block and its geological implications. Precambrian
Research 200-203, 26-37.

Wu, Y-B., Zheng, Y-F., Tang, J., Gong, B., Zhao, Z-F., Liu, Z., 2007. Zircon U-Pb dating of
water-rock interaction during Neoproterozoic rift magmatism in South China. Chemical
Geology 246, 65-86.

Xie, Z., Gao, T, Chen, J., 2004. Multi-stage evolution of gneiss from North Dabie: evidence
from zircon U-Pb chronology. Chinese Science Bulletin 49, 1963-1969.

Xiao, S., 2004. New multicellular algal fossils and acritarchs in Doushantuo chert nodules
(Neoproterozoic, Yangtze Gorges, South China). Journal of Paleontology 78, 393—401.

Xiao, S., Knoll, A.H., 1999. Fossil preservation in the Neoproterozoic Doushantuo
phosphorite Lagerstétte, South China. Lethaia 32, 219-240.

Xiao, S., Shen, B., Tang, Q., Kaufman, A.J., Yuan, X, Li, J., Maiping, Q., 2014.
Biostratigraphic and chemostratigraphic constraints on the age of early Neoproterozoic
carbonate successions in North China. Precambrian Research 246, 208-225.

Xiao, S., Zhang, Y., Knoll, A.H., 1998. Three-dimensional preservation of algae and animal
embryos in a Neoproterozoic phosphorite. Nature 391, 553-558.

Xu, S., Wu, W., Lu, Y., Wang, D., 2012. Tectonic setting of low-grade metamorphic rocks of
the Dabie Orogen, central eastern China J. Structural Geology 37, 134-149.

24



Xu, Y., Yang, K-G, Polat, A., Yang, Z-N., 2016. The ~860 Ma mafic dikes and granitoids
from the northern margin of the Yangtze Block, China: a record of oceanic subduction in
the early Neoproterozoic. Precambrian Research 275, 310-331.

Xu, Z., Zeng, L., Liu, F., Yang, J., Zhang, Z., McWilliams, M., Liou, J.G., 2006, in Hacker,
B.R., McClelland, W.C., Liou, J.G., eds. Ultrahigh-pressure metamorphism: Deep
continental subduction: Geological Society of America Special Paper 403, 93—113.

Xu, J., Zhu, G., 1994. Tectonic models of the Tan-Lu fault zone, eastern China. International
Geology review 36, 771-784.

Yang Z.Y., Cheng Y.Q., Wang H.Z., 1986. The Geology of China. Clarendon Press, Oxford,

p 303.

Yang, C., Li, X-H., Wang, X-C. Lan, Z., 2016. Mid-Neoproteorozoic angular unconformity in
the Yangtze Block revisited: insights from detrital zircon U-Pb age and Hf-O isotopes.
Precambrian Research 266, 165-178.

Zhang, S., Jiang, G., Han, Y., 2008. The age of the Nantuo Formation and Nantuo glaciation
in South China. Terra Nova 20, 289-294.

Zhang, S., Jiang, G., Zhang, J., Song, B., Kennedy, M.J., Christie-Blick, N., 2005. U-Pb
sensitive high-resolution ion microprobe ages from the Doushantuo Formation in south
China: constraints on late Neoproterozoic glaciations. Geology 33, 473—476.

Zhao, T., Zhu, G., Lin, S., Wang, H., 2016. Indentation-induced tearing of a subducting
continent: evidence from the Tan-Lu Fault Zone, east China. Earth-Science Reviews 152,
14-36.

Zhao, T., Zhu, G, Lin, S-Z., Yan, L-J., Jiang, Q-Q, 2014. Protolith ages and deformation
mechanism of metamorphic rocks in the Zhangbaling uplift segment of the Tan-Lu Fault
Zone. Science China Earth Sciences 57, 2740-2757.

Zheng, Y-F., Fu, B., Gong, B., Wang, Z-R., 1998. Carbon isotope anomaly in marbles
associated with eclogites from the Dabie Mountains in China. Journal of Geology 106, 97—
104.

Zheng, Y-F., Zhou, J-B., Wu, Y-B., Xie, Z., 2005. Low-grade metamorphic rocks in the
Dabie-Sulu orogenic belt: a passive-margin accretionary wedge deformed during continent
subduction. International Geology Review 47, 851-871.

Zhou, C., Brasier, M.D., Xue, Y., 2001. Three-dimensional phosphatic preservation of giant
acritarchs from the terminal Proterozoic Doushantuo Formation in Guizhou and Hubei
provinces, South China. Palacontology 44, 1157-1178.

Zhou, C., Tucker, R., Xiao, S., Peng, Z., Yuan, X., Chen, Z., 2004. New constraints on the
ages of Neoproterozoic glaciations in south China. Geology 32, 437—-440.

Zhou, C., Xiao, S., 2007. Ediacaran §"°C chemostratigraphy of South China. Chemical
Geology 237, 89-108.

Zhou, J-B., Wilde, S.A., Liu, F-L., Han, J., 2012. Zircon U-Pb and Lu-Hf isotope study of the
Neoproterozoic Haizhou Group in the Sulu orogen: provenance and tectonic implications.
Lithos 136-139, 261-281.

Zhu, M., Zhang, J., Yang, A., 2007. Integrated Ediacaran (Sinian) chronostratigraphy of
South China. Palaecogeography, Palaeoclimatology, Palaecoecology 254, 7-61.

Zhu, M., Lu, M., Zhang, J., Zhao, F., Li, G., Aihua, Y., Zhao, X., Zhao, M., 2013. Carbon
isotope chemostratigraphy and sedimentary facies evolution of the Ediacaran Doushantuo
Formation in western Hubei, South China. Precambrian Research 225, 7-28.

25



Table 1. C and O isotope data in per mil relative to the Vienna PeeDee Belemnite (%0 VPDB)
standard for samples of the Jinping Formation (Haizhou Group, Sulu Orogen) and Daxinwu
Formation (Susong Group, Dabie Orogen). Isotope data were obtained on split aliquots of the

same sample that were analysed independently at the Nanjing Institute of Geology,
Paleontology and Stratigraphy (NIGPAS), Nanjing, China, and Tartu University, Tartu,

Estonia.
linping Fm,

CH15-¥L-1

CH15-XL-2

CH15-X1-3

CH15-XL-4

CH15-XL-5

CH15-XL-&

CH15-XL-7

CH15-XL-8

CH15-XL-2

CH15-XL-10
CH15-XL-11
CH15-¥L-12
CH15-X1-13
CH15-XL-14
CH15-XL-15
CH15-XL-16
CH15-XL-17
CH15-XL-12
CH15-XL-19
CH15-XL-20
CH15-X1-21
CH15-XL-22
CH15-¥L-23
CH15-XL-24
CH15-XL-25
CH15-XL-26
CH15-XL-27
CH15-XL-28
CH15-XL-259
CH15-XL-30
CH15-¥L-31
(CH15-X1-32
CH15-XL-33
CH15-XL-34
(CH15-X1-35
CH15-XL-36
CH15-XL-37
(CH15-X1-38
CH15-XL-3%

*metres above base of basal dolostone

Xinling

m*
0.1
0.z
0.5
0.8
11
14
17
1.85
2.15
2.35
25
3.3
3.8
4.3
4.8
5.3
5.5
]
9
9.6
101
10.41
11
116
122
134
142
149
154
169
175
185
13.7
205
217
218
235
248
258

NIGPAS
&4c &0
2.69 -19.70
120 -19.22
084 -19.25
069 -19.08
134 -18329
128 -18.17
121 -17.60
158 -18.24
293 -18.66
258 -1851
300 -1851
047 -14.90
124 -14.34
130 -15.36
195 -16.52
199 -16.36
345 -18.14
064 -14.85
058  -15.30
321 -23.28
0326 -19.66
080 -16.16
322 -16.92
291 -1554
-2.05  -15.74
470 -15.06
214 -15.40
-1.80 -15.99
228 -16.30
066 -15.58
384 1375
245 -1362
365 -12.76
477 -12.38
282 1361
281 -13.60
434 -14.28
380 -12.26
133 -13.83

Tartu
University
8%c "o
-2.55 -20.77
-0.68 -19.81
0.65  -20.14
-0.44 | -20.04
-0.40 -16.23
-0.73 ) -19.11
190 -19.31
190 -19.28
338 -19.42
298 -19.52
3.26 | -15.92
115 -1871
098  -14.41
-0.65 -13.92
285 -18.09
-0.08 -14.26
387 -19.80
3.20 -25.79
0.05 | -20.45
-0.08 -15.23
360 -15.00
268 -16.54
-1.82 -16.78
452 -16.03
-2.29 -16.50
-1.83 -17.35
-1.87 -17.46
-1.33 -16.89
442 -14.77
385 -14.39
3.81 -13.52
5.29  -13.66
325 -14.19
311 -14.8%
399 -15.40
322 -13.47
404 -14.36

Daxinwu Fm,
Luiping area NIGPAS
m*= E“C &*0

CH15-¥y-01 a -

CH15-¥¥-02 500|053 -B.76
CH15-¥¥-03 55 |-0.09 -9.75
CH15-¥y-04 | &5 072 -B.67
CH15-¥¥-05 @ 6& 005 -11.09
CH15-¥Y-0& 7% | 0.76 -B.5B
CH15-¥¥-07  E& 0.29 -10.85
CH15-¥Yy-08 | 104 080 -6.66
CH15-¥¥-09 109 061 -B8.50
CH15-¥¥-10 | 120 060 -7.71
CH15-¥¥-11 | 123 061 -B.32
CH15-¥y-12 | 130 065 -B.34
CH15-¥¥-13 141 076 -7.16
CH15-¥¥-14 | 146 067 -7.17
CH5-LP-0L 300 056 -7.85
CH5-LP-02 303 067 -7.04
CH5-LP-03 30E 068 -7.32
CH5-LP-04 313 073 -7.77
CH5-LP-05 317 087 -7.29
CH5-LP-06 323 050 -394
CH5-LP-07 328 074 -817
CH5-LP-08 333 095 -7.05
CH5-LP-02 338 072 -7.80
CH5-LP-10 342 074 -6.03
CH5-LP-11 347 054 -549
CH5-LP-12 352 045 -5.38
CH5-LP-13 357 071 -5.74
CH5-LP-14 365 052 772
CH5-LP-15 373 072 -7.19
CH5-LP-15 381 044 -7.63
CH5-LP-17 380 027 -7.13
CH5-LP-18 470 | 0.38 -7.17
CH5-LP-12 430 | 0.6% -6.74
CH5-LP-20 490 | 0.51 -6.27
CH5-LP-21 500 037 -6.380

Tartu
University

c o

0.85 -9.63
0.66 -10.29
1.07 | -10.01
0.16 -13.52
101 | -9.60
0.98 -9.62
111 | -7.60
106 -9.01
105| -7.42
108 | -83.88
102 -B.28
0893 -B36
0.83 -B.15
073 -B.70
0.63 -9.08
073 -8.10
0.85 -B.61
109 | -8.15
0.25 -11.72
0.67 -10.90
121 -7.74
099 -B.62
100 | -7.64
0.86 -7.50
0.80 -6.96

0.86 -6.48

082 -B.1B

0.89 -9.06

0.73  -9.05

-0.27 -12.27
0.40  -11.48
0.8s -7.22

0.81 -7.43

**metres above base of lower marble unit
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Table 2. XRD data in weight percent (wt.%) for samples of the Jinping Formation (Haizhou
Group, Sulu Orogen) and Daxinwu Formation (Susong Group, Dabie Orogen). Samples were
analysed at Tartu University, Estonia.

Jinping Formation
Xinling Mine section
CH15-X¥L-1
CH15-¥L-2
CH15-¥L-3
CH15-¥L-4
CH15-¥L-5
CH15-XL-6
CH15-XL-7
CH15-XL-8
CH15-XL-9
CH15-¥L-10
CH15-XL-11
CH15-X1-12
CH15-¥1-13
CH15-X1-14
CH15-X1-15
CH15-XL-16
CH15-¥L-17
CH15-XL-18
CH15-¥L-19
CH15-¥L-20
CH15-¥1-21
CH15-¥1-22
CH15-¥1-23
CH15-X1-24
CH15-X1-25
CH15-¥L-26
CH15-¥L-27
CH15-¥L-28
CH15-XL-29
CH15-¥L-30
CH15-¥1-31
CH15-¥1-32
CH15-¥1-33
CH15-X1-34
CH15-X1-35
CH15-¥L-36
CH15-¥L-37
CH15-¥L-38
CH15-¥L-39

*metres above base of basal dolostone

m*

01
0.2
0.5
0.8
11
14
1.7
1.85
215
225
25
3.3
3.8
4.3
4.8
5.3
5.5

]

a
9.6
0.1

10.41

11
ne
122
13.4
14.2
149
15.4
16.9
175
185
19.7
205
217
228
235
248
258

calcite | dolomite | apatite quartz feldspar

10.5
353

0.3
308
n.7

43

23

0.9
17
29.0
277
435
282
13.7
298
tr

50.2
0.7
24.0

30
12
E3
21
16
tr
45
170
326
186
31
218

5.8
15.0
B4

721
532
923
Q0.0
54.5
54.2
738
E735
927
B33
Ja0
145
4.0
212
413
17
510

tr

30.6

9.2

23
923
E6.4
B6.E
ED.4
773
Bg2
a0

B2
624
39.0
20.7
0.8
532
EB3.4
EB7.2
770
647

0.9
13
13
20
38
33
36
1.3
0.8
50
6.7
36.1
5a.o
26.6
19.1
70.0
B85

11
111
56.5
63.0

o7

11

0.8

17

27

0.5

17

4.2

81
112
50.0

11

9.1

0.5
10
173

7.5
3.6
0.5
tr
4.5
45
9.7
28
16
34
16
33
tr
tr
11
09
31
338
0.8
14
6.1
0.6
15
20
18
5.7
96
16
10
250
27
59
0.7
08
118
20
13
2.7
19

6.0
3.2
L6
18
2.6
24
13
23
15
22
0.0
38
4.0
43
3.7
29
4.4
60.0
6l.2
3.2
2.2
3.7
0.0
17
4.5
0.9
23
23
21
5.6
11
15
2.7
19
15
3.9
L6
17
3.9

phyllo-
silicates
2.7
19
2.4
35
27
28
17
28
21
4.5
57
i3
55
39
66
4.3
28
4.8
6.0
2.6
39
4.9
4.2
5.4
4.1
15
16
20
57
50.1
21
92
67
20
21
34
31
23
33

barite gypsum

9.8

0.6
10

0.7
0.7

55

Daxinwu Formation
Luiping section
CH15-¥Y-1
CH15-YY-2
CH15-YY-3
CH15-YY-4
CH15-YY-5
CH15-YY-6
CH15-¥Y-7
CH15-YY-8
CH15-¥Y-9
CH15-¥Y-10
CH15-¥Y-11
CH15-¥Y-12
CH15-¥Y-13
CH15-¥Y-14
CH15-LP-1
CH15-LP-2
CH15-LP-3
CH15-LP-4
CH15-LP-5
CH15-LP-&
CH15-LP-7
CH15-LP-8
CH15-LP-9
CH15-LP-10
CH15-LP-11
CH15-LP-12
CH15-LP-13
CH15-LP-14
CH15-LP-15
CH15-LP-16
CH15-LP-17
CH15-LP-18
CH15-LP-19
CH15-LP-20
CH15-LP-21

an

a5
65
Ga
T2
BB
104
108
120
123
130
141
146
300
303
308
313
37
323
328
333
338
342
347
352
3s7
3E5
373
381
390
470
480
480
500

calcite

tr
0.9
2.5

o7
0.3
tr

0.7

16
23
0.5

**metres above base of first marble unit

dalomite

B3.E
T0E
859
B7.9
B4.9
a0.7
931
90.1
94.2
922
EEN
926
924
Be.1
Q0.6
924
918
B3.4
237
94.1
873
922
927
931
913
BRS
909
B3.0
0.5

Bl1
BEE
90.4
Baz

apatite

0.5

0.7

0.5
0.6
tr

0.5

tr
tr

0.7

0.6

tr
03
0.6
0.6
10
0.8

0.6
0.5
0.6
0.7

quartz

470
3.8
16.8
73
54
4.6
10
21
17
05
18
10
i0

73
ir
0.7
0.4
4.3
r
r
1.5
12
11
04
18
5.6
0.7
17
973
a7.7
6.1
20
0.7
4.0

feldspar

48.4
3.0
2.0
27
23
2.8
11
0.9
2.0
13
14
0.9
1.9
11
14
21
15
1.8
0.8
13
0.4
0.0
18
13
15
23
18
2.0
25
0.8
0.8
14
11
0.8
2.0

27

phyllo-
silicates
34
6.0
7.2
28
29
5.8
5.8
29
4.9
30
36
31
38
4.6
4.0
6.0
4.2
4.8
4.1
3.6
3.6
3.2
3.8
32
31
30
30
4.3
5.2
0.6
0.6
87
6.9
6.2
B4



