Accepted Manuscript ‘

PRECAMBRIAN

Contrasting mantle-crust melting processes within orogenic belts: implications RES E AP\ CH
from two episodes of mafic magmatism in the western segment of the Neopro-
terozoic Jiangnan Orogen in South China £

Xin Chen, Xiao-Lei Wang, Di Wang, Xu-Jie Shu

PIL: S0301-9268(16)30349-7

DOI: http://dx.doi.org/10.1016/j.precamres.2017.04.001
Reference: PRECAM 4718

To appear in: Precambrian Research

Received Date: 27 August 2016

Revised Date: 19 March 2017

Accepted Date: 2 April 2017

Please cite this article as: X. Chen, X-L. Wang, D. Wang, X-J. Shu, Contrasting mantle-crust melting processes
within orogenic belts: implications from two episodes of mafic magmatism in the western segment of the
Neoproterozoic Jiangnan Orogen in South China, Precambrian Research (2017), doi: http://dx.doi.org/10.1016/
J-precamres.2017.04.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.precamres.2017.04.001
http://dx.doi.org/10.1016/j.precamres.2017.04.001
http://dx.doi.org/10.1016/j.precamres.2017.04.001

Contrasting mantle-crust melting processes within orogenic belts:
implications from two episodes of mafic magmatism in the
western segment of the Neoproterozoic Jiangnan Orogen in
South China

Xin Chenl, Xiao-Lei Wang”, Di Wangl, Xu-Jie Shu'”

' State Key Laboratory for Mineral Deposits Research, School of Earth Science and Engineering,
Nanjing University, Nanjing 210046, China;
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Abstract

Partial melting of crust and mantle is the dominant mechanism controlling Earth’s differentiation.
The two melting processes are commonly associated because mantle-derived magmas could
simultaneously provide heat and volatiles to promote partial melting of crust. To explore how the
two melting regimes interact during the evolution of orogenic belts, we evaluated the petrogenesis
and possible relationships with the Rodinia supercontinent of the two episodes of Neoproterozoic
mafic magmatism in the western segment of the Jiangnan Orogen in South China. The first
episode of mafic magmatism took place at ca. 830 Ma in the Baotan area and was associated with
widespread peraluminous granitoids. In contrast, the second formed at ca. 770 Ma in the
Longsheng area without significant granitic magmatism. The ca. 770 Ma Longsheng
mafic-ultramafic rocks show radiogenic and coupled Nd [eNd(t) values of —1.3 to +3.1)] and Hf

isotopes [eHf(t) values of +2.6 to +6.7], whereas the ca. 830 Ma Baotan mafic rocks show
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unradiogenic and decoupled Nd-Hf compositions [eNd(t) =-8.3 to -0.9, eHf(t) = -6.3 to -2.0].

Crustal contamination cannot result in the enriched isotopic features and the arc-like (such as

strong deletions of Nb and Ta) geochemistry for the Baotan rocks because of the absence of

correlations of Nd isotopes with incompatible elements and SiO» contents, but crust-derived

components may have been incorporated into the mantle source (< 60 km) by oceanic subduction.

Geochemical modeling suggests that the Longsheng mafic-ultramafic rocks with steep rare earth

element patterns formed from a deeper (deep to 120 km) mantle source with little crustal

contamination. We suggest that the Baotan mafic rocks formed in an active continental margin

setting where a lot of volatiles can be released from the underplating mafic magmas to facilitate

further crustal melting to generate the associated granitoid rocks. In contrast, the Longsheng rocks

formed in a post-orogenic extensional setting where mafic magmas were apt to ascend so that

extensive crustal melting was prohibited. The transition between the two episodes of

mantle-derived magmas shed light on the secular evolution of lithospheric mantle in the western

segment of the Jiangnan Orogen. The diverse mantle-crust melting processes in orogenic belts can

serve as an indicator of tectonic transition of Precambrian orogenic belts in the history of the

earth.
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1. Introduction

Earth’s differentiation is mainly accomplished by partial melting of mantle and crust through

which incompatible elements will be transferred into melts and the resulting rocks. Mantle melting

happens at a relatively deep level and the upwelling of basaltic magmas is also crucial for



understanding crustal melting processes. Several sources could contribute to the formations of

basaltic melts during the evolution of an orogenic belt, such as asthenosphere, lithospheric mantle,

subducted oceanic slab and/or sediments and continental crust. A systematic change in magma

source for basaltic rocks may correspond to the transition of mantle geodynamic processes and

will have different behaviors in triggering crustal melting. Coupled mantle-crust melting processes

may reconcile the contradiction that average continental crust has an andesite to dacite

composition but juvenile crust from the depleted mantle is basaltic (Rudnick and Fountain, 1995),

although it is debated whether the high-silica rocks are from the differentiation of primary,

mantle-derived magmas (Lee and Bachmann, 2014) or by partial melting of juvenile and old

crustal rocks (Annen et al. 2006; Solano et al., 2012). However, decoupled mantle-crustal melting

sometimes happened and the mechanism needs to be clarified.

The transition of mantle-crust melting can be investigated in orogenic belts where

mafic-ultramafic rocks generated in different stages of orogenesis would have different

geochemical characters due to the variation of source contribution. Here we present contrasting

mantle-crust melting processes by examining the two episodes of Neoproterozoic mafic

magmatism in the western segment of the Neoproterozoic Jiangnan Orogen in northern Guangxi

Province, southern China. Through a synthetic geochemical study and modeling, a petrogenetic

difference between the ca. 830 Ma mafic rocks in the Baotan area and the ca. 770 Ma

mafic-ultramafic rocks in the Longsheng area is investigated and their tectonic implications for the

Neoproterozoic evolution of the Jiangnan Orogen are also discussed. This study will be helpful to

understand the diverse mantle-crust melting processes in orogenic belts.



2. Geological backgrounds and sampling

The nearly W-E-trending Neoproterozoic Jiangnan Orogen is located between the Yangtze and
Cathaysia blocks in the South China Block (SCB) (Fig. 1a). There is an evident angular
unconformity within the Neoproterozoic sedimentary sequences in the Jiangnan Orogen, marking
the Jinningian orogenesis between the Yangtze and Cathaysia blocks (Wang et al., 2008). The
sediments below the unconformity were regarded as the “basement sedimentary sequences’ and
formed in a back-arc setting (Zhao et al., 2011; Wang et al., 2014; Yao et al., 2014; Cui et al.,
2016), while the sediments above the unconformity belong to the Nanhua System ‘overlying
sequences’ and are post-orogenic (Wang et al., 2012), although they both have been
metamorphosed to low-greenschist facies. Neoproterozoic igneous rocks in the orogen are
dominated by peraluminous granitoids (Li et-al., 2003a; Wang et al., 2006, 2013; Zhao et al., 2013;
Yao et al., 2014), with minor mafic-ultramafic rocks (Wang et al., 2006, 2008, 2012; Yao et al.,
2014). The tectonic settings for the middle Neoproterozoic mafic-ultramafic rocks are hotly
debated in recent years. Some scholars suggested that they were related to the ca. 850-750 Ma
super-plume activities that finally led to the break-up of the Rodinia supercontinent (e.g. Li et al.,
2003a, 2003b, 2008, 2010). However, other scholars suggested that compelling geological and
petrological evidence for the plume hypothesis is lacking (Jiang et al., 2003; Wang et al., 2004a;
Zhou et al., 2004; Zheng et al., 2008). Several lines of evidence tend to support a normal orogenic
cycle: (1) the ca. 1000-950 Ma ophiolite suites (Chen et al., 1991; Li et al., 1994) and ca. 970-855
Ma arc volcanic rocks (Cheng, 1993; Wang, 2000; Li et al., 2009; Wang et al., 2013) in the eastern
segment of the Jiangnan Orogen record the early subduction of oceanic crust; (2) high-pressure

blueschists with a K-Ar age of 866 + 14 Ma probably indicate the collisional peak (Shu et al.,



1994); and (3) the ca. 835-800 Ma strongly peraluminous granitoids and associated

mafic-ultramafic rocks correspond to post-collisional magmatism (Wang et al., 2004b, 2006; Zhao

etal.,, 2013).

In recent years, the geochemistry of the 860-750 Ma (especially 855-800 Ma) mafic-ultramafic

rocks has turned to be the focus of the debating on the Neoproterozoic tectono-magmatic

evolution of the SCB. It has been a consensus that the “arc-like” geochemistry (i.e:, negative

Nb-Ta anomalies, etc.) is not diagnostic in tectonic settings and can be alternatively explained by

subduction-related fluid metasomatism, crustal contamination, fractional crystallization, and

remelting of arc-related rocks. Due to the uncertainty on geochemical explanation, some authors

tend to support an orogenic-related setting (Wang et al., 2004b, 2006; Zhou et al., 2004, 2009),

while others tend to argue the existence of Neoproterozoic rift or mantle plume in South China (Li

et al., 2008, 2010). At present, more and more studies support an extensional setting for the

mafic-ultramafic rocks younger than 800 Ma (Li et al., 2003b; Zheng et al., 2008; Wang et al.,

2012), consistent with the sedimentary unconformity as aforementioned. Therefore, distinguishing

the sources of mafic-ultramafic rocks forming before and after ca. 800 Ma is crucial for studying

the mantle evolution of the Jiangnan Orogen.

The Jiangnan Orogen can be divided into eastern and western segments, with the igneous rocks

and sedimentary basements in the eastern segment being characterized by depleted Nd and Hf

isotopes, while those in the western part featured by enriched isotopic compositions (Wang et al.,

2014). Interlayered mafic volcanic rocks and associated intrusive mafic-ultramafic rocks are very

rare within the basement sedimentary sequences in the eastern Jiangnan Orogen, but some have

been found in the western segment (Ge et al., 2000; Zhou et al., 2004, 2009; Wang et al., 2006).



The ca. 970-830 Ma arc volcanic rocks and associated ophiolites were only found in the eastern
segment.

The Neoproterozoic magmatism in the western Jiangnan Orogen of northern Guangxi Province
formed mainly at two episodes: ca. 830 Ma (Li et al., 2003a, 2003b; Wang et al., 2006; Zhou et al.,
2009; Yao et al., 2014) and ca. 770 Ma (Zhou et al., 2007; Wang et al., 2008). The two episodes of
Neoproterozoic mafic-ultramafic magmatic rocks occur as dykes, veins and sills and are mostly
distributed in the Baotan and Longsheng areas, respectively (BGMRGP, 1985). Few ultramafic
rocks of the first episode occur in the Yuanbaoshan village that is very close to the Baotan town. In
the Baotan area, the mafic rocks intruded into the Sibao Group (i.e., the basement sedimentary
sequences in the area, 860—-825Ma; Wang et al., 2014), while in the Longsheng area the mafic
rocks intruded into the Danzhou Group (i.e., the cover sequences in the area) that was suggested to
have been formed in 820-725Ma (Cui et al., 2016). Most mafic-ultramafic rocks were
metamorphosed to low-greenschist facies along with host sedimentary sequences.

The Baotan mafic rocks occur dominantly in the Wentong Formation of the Sibao Group
(BGMRGP, 1985; Fig. 1c). They were intruded by the ca. 830-820 Ma strongly peraluminous
biotite granites and biotite granodiorites and were dated to be 855-800 Ma (Fig. Ic; Li, 1999;
Wang etal., 2006; Yao et al., 2014). The Sibao Group is unconformably overlain by the
Neoproterozoic Danzhou Group which consists of Baizhu, Hetong and Gongdong Formations
from bottom to top. The layered mafic-ultramafic dykes intruded the Hetong Formation, with
individual widths of 10-200 m (Fig. 2a and 2b; BGMRGP, 1985). The sills/dykes swarm in the
Longsheng-Sanmen (unified as “Longsheng” area here) area covers a total outcropping area of ca.

90 km” and extends up to 33 km with a NNE-trending (Fig. 1b). They were dated at ca 761+8 Ma



by TIMS zircon U-Pb method (Ge et al., 2001) and some of them experienced intense later
(possible early Paleozoic) deformation (Zhang and Liang., 1993) (Fig. 1b).

All of the Neoproterozoic mafic-ultramafic rocks in the study area are strongly altered, with
primary mafic minerals replaced by tremolite, epidote, carbonate, zoisite and chlorite, and some
primary plagioclase have been replaced by albite and epidote (Fig. 2). Primary texture with
medium to coarse-grained plagioclase can be seen in gabbro and diabase (Fig. 2c and 2d). We
tried to select relatively fresh samples for analysis, with the sampling locations.in the Longsheng

and Baotan areas shown in Fig. 1b and Fig. 1c, respectively.

3. Analytical methods

All of the whole-rock major and trace elements as well as Nd-Hf isotopes dataf were obtained at
the State Key Laboratory for Mineral Deposits Research (MiDeR), Nanjing University (NJU), and
the results are shown in Table 1 and Table 2.

The samples were powdered carefully to make grain size less than 200 meshes (equal to 74 um)
and then were ready for analyses. Whole-rock major elements were analyzed using a Thermo
Scientific ARL 9900 X-ray fluorescence spectrometer (XRF) with analytical precision generally
better than 2%. Whole-rock rare earth and other trace elements were analyzed using an ICP-MS
(Finnigan MAT-Element II) instrument. Each sample was precisely weighted 30 mg and put into a
15 mL Savillex digestion vessel. After being dissolved by HNOj3 and the injection of 1 mL 500
ng/mL internal standard Rh solutions, the samples are ready for analyzing. Analytical precision for
most elements by ICP-MS is better than 5%.

The whole-rock Nd and Hf isotopes were determined using a Neptune (plus) MC-ICP-MS



(Finnigan MAT Triton TI), following the methods similar to Chu et al. (2009) and Yang et al. (2010).
For Nd isotopes, about 50-100 mg of powdered sample was dissolved and purified. NIST
JNdi-1-Nd was used as a reference standard and yielded a mean "Nd/'**Nd ratio of
0.512106£0.000016 (n=3, 2sd). The ¢Nd(t) values were calculated based on the Nd isotopic
compositions of "Nd/"**Nd = 0.512638 and "“’Sm/"**Nd = 0.1966 for chondritic uniform reservoir
(CHUR) (Hamilton et al., 1983; Jacobsen and Wasserburg, 1984; Carlson et al., 2007). For Hf
isotope analyses, about 50 mg of powdered sample was placed in a stainless lined PTFE bomb, and
1 mL of HF and 1 mL of HNO3 were added to dissolve the samples. 500 ng of Re was added as an
internal standard. The detected average value of the standard JMC-475 is 0.282159+14 (n=7, 2SD).
Zircon grains were separated from crushed samples using conventional heavy liquid and
magnetic techniques and then handpicked under a binocular microscope. Representative zircon
grains were mounted in epoxy resin and then polished down to show the grain centers. The
mounts were photographed in transmitted and reflected lights under microscope for identifying
analyzed grains or grain domains (avoiding cracks and inclusions). Cathodoluminescence (CL)
images of the zircons were obtained to examine zircons’ internal structures using a polarizing
microscope and with a field emission scanning electron microscope (FESEM, ZEISS SUPRA 55).
U-Pb zircon dating was carried out using an Agilent 7500a ICP-MS attached with a Coherent
193 nm COMPex Pro laser ablation system at MiDeR, NJU. Zircon Mud Tank (intercept age of
732 + 5 Ma; Black and Gulson, 1978) was used as an external standard to monitor the age
accuracy while measuring U-Th-Pb isotopes. In order to correct U-Pb fractionation, standard
zircon GEMOC GJ-1 (207Pb/206Pb age of 608.5 = 1.5 Ma; Jackson et al., 2004) was measured twice

before and after every run of the unknown grains. All of the spot analyses were carried out using a



repetition rate of 5 Hz and a beam size of 24 um. U-Pb ages were calculated from the raw signal
data using the on-line software package GLITTER (ver. 4.4) (Griffin et al., 2008;
www.mq.edu.au/GEMOC). To avoid interference from 204Hg, common lead correction was carried

out using the methods of Andersen (2002). All of the U-Th-Pb age calculations and plotting of

Concordia diagrams were done using the ISOPLOT/Ex program (ver. 2.06) of Ludwig (1999).

4. Results

4.1. Zircon U-Pb age

A gabbro sample (04YBS-38) was selected from the Yuanbaoshan area for in situ zircon U-Pb

dating. The separated zircon grains are semitransparent and show dark CL intensity, without clear

tiny oscillatory zoning (Fig. 3). Fourteen spot analyses were performed on 14 zircon grains of the

sample. The zircons contain 795-3353 ppm U and 937-5782 ppm Th with Th/U varying from

0.62 to 2.44. All the 14 analyses can be treated as a single group and they yield an intercept age of

836 + 44 Ma (95 % conf., MSWD = 0.41; Fig. 4). The large error is because that some analyses

are plotted above the Concordia, possibly resulted from the mobility of uranium. Among the 14

2()6Pb/238U age

analyses, sevenanalyses are close to the upper intercept, yielding a weighted mean
of 835 £9 Ma (Fig. 4; 20, 95 % conf., n =7, MSWD = 0.58). This age has a smaller uncertainty
and could represent the best estimate of the crystallization age of the mafic rocks in the Baotan
and Yuanbaoshan areas. In addition, this age is consistent with those previously published (Li et
al., 1999; Yao et al., 2014) within analytical errors.

4.2. Major and trace element compositions

The Longsheng mafic-ultramafic rocks show varied SiO, (37-50 wt%) and MgO (6.1-28 wt%)



concentrations and Mg# number (molar [Mg”*)/[ Mg** + Fe**]) (54-79) (Table 1; Fig. 5a),
indicating accumulation of olivine in the ultramafic rocks. Whereas, the Baotan mafic rocks have
elevated SiO; (53-57 wt%) contents and low MgO contents (from 4.42 to 6.5 wt%) and Mg#
number (44-59) (Table 1).

Chondrite-normalized rare earth element (REE) patterns and primitive mantle-normalized trace
element spidergrams for the investigated Neoproterozoic mafic-ultramafic rocks are shown in Fig.
6. The Baotan mafic rocks are characterized by enriched light rare earth elements (LREEs)
[(La/Yb)x of 4.8—13.7] and flat heavy rare earth elements (HREEs) [(Dy/Lu)x of 1.03—1.18] (Fig.
6a). They show mild negative Eu anomalies (Euw/Eu* = 0.68-0.83), suggesting the fractional
crystallization of plagioclase. The Baotan mafic rocks show evident Nb troughs relatively to the
neighboring Th and La in the spidergrams with Nb/Nb* of 0.15-0.24 (Fig. 6b). The negative Ti
anomalies are also evident for these rocks (Ti/Ti* = 0.24-0.59; Fig. 6b). All of these features are
similar to the typical island arc volcanic rocks.

The Longsheng mafic-ultramafic rocks show variable REE concentrations, suggesting fractional
crystallization and/or crystal accumulation, which is consistent with major element differentiations
as shown in Fig: 5b. They are characterized by the enrichments in LREEs and steep REE patterns,
indicating the presence of residual garnet at least for some samples. The negative Eu anomalies
are not evident for these samples, with average Eu/Eu* of 0.85. It should be noted that the
Longsheng rocks show overall REE patterns similar to typical ocean island basalts (OIBs),
although their low Nb (2.9-26.7 ppm) values are not comparable to OIB (Nb=67 ppm) (Sun and
McDonough, 1989) (Fig. 6a).

Selected co-variation diagrams for immobile major and trace elements (Fig. 5) show primary



magmatic trends similar to those found in modern island arc settings (Schuth et al., 2004). At
MgO contents higher than 10 wt%, the fractionation of MgO was controlled by the admixture of
olivine and chromite. In contrast, when MgO contents are decreased to below 10 wt%, the rocks
follow a typical tholeiitic fractionation trend, indicating fractionations of olivine, clinopyroxene,
magnetite and plagioclase. The presence of these magmatic trends proves the preservation of
pristine igneous major element trends during later metamorphism or alterations, which illustrates
that metamorphic effects on the immobile elements of our investigated samples were small.
4.3. Whole-rock Nd and Hf isotopes

Both Nd and Hf isotopes show variations for the rocks of the two episodes: the ca. 830 Ma
mafic rocks in the Baotan area show enriched Nd isotopes with eNd(t) of —8.3 to —0.9, while the ca.
770 Ma mafic-ultramafic rocks in the Longsheng area show relatively depleted Nd isotopes with
eNd(t) values ranging from —1.3 to +3:1 (Table 2; Fig. 7). Whole-rock Hf isotopes show similar
contrasting compositions between the rocks of the two episodes. The Longsheng mafic-ultramafic
rocks show higher '"°Hf/'""Hf (0.28255-0.28269) and lower '"°Lu/'"Hf ratios (0.011-0.015),
yielding relatively depleted Hf isotopic ratios with eHf(t) of +2.6 to +6.7 (Table 2; Fig 7), which
are coupled with their whole rock eNd(t) values. However, the Baotan mafic rocks have
'T°Hf/' ""Hf ratios of 0.28241-0.28255 and "°Lu/'""Hf ratios of 0.021-0.022, which yield
relatively enriched eHf(t) values (-6.3 to —2.0) (Table 2, Fig 7). The whole-rock ¢Hf(t) values of

the Baotan mafic rocks are decoupled with their éNd(t) values.

5. Discussion

5.1. Different mantle-crust melting behaviors between the two episodes of mafic magmatism



It is noted that the mantle-crust melting processes were different in the two episodes of mafic

magmatism in the study area. In the field, the mafic rocks are accompanied with felsic magmatism

in the Baotan area at ca. 830 Ma (Fig. 1b), while no significant felsic rocks were associated with

the ca. 770 Ma mafic magmatism in the Longsheng area (Fig 1c). Thus, we can go through the

mafic-felsic differentiation trends to explore the difference between these two episodes of

magmatism.

An ideal fractional crystallization path requires a continuous removal of mineral phases from

melts, which is expected to result in curved liquid evolutionary trends in Harker diagrams

(Clemens and Stevens, 2012). As a differentiation index, Mg# can be used to constrain magmatic

evolution. It is noted that there is abnormal high Mg# values for the intermediate rocks along the

liquid line of descent with SiO,=60-65 wt% (Fig. 8a). This discontinuity indicates that the

Neoproterozoic intermediate and felsic magmatic rocks in the Baotan area were not the products

of fractional crystallization of primary mantle-derived magmas. Chen et al. (2014) suggested

mixing of mantle-derived high-Mg# magma with crust-derived low-Mg# felsic magma under a

subduction regime for them. This is consistent with the Mg#-Si0O, diagram (Fig. 8a) in which the

intermediate and felsic rocks are typically out of compositional equilibrium with olivine-bearing

mantle sources, as shown by the Mg# decrease gap with increasing SiO,. This incongruent

evolutional process prevents the direct differentiation relationship between the mafic and

intermediate-felsic rocks in the areas but the heat and H,O released from the crystallizing primary

basaltic magmas could trigger further crustal melting to form the contemporary peraluminous

granitoids as what Annen and Sparks (2002) suggested. Nevertheless, there is no significant

crust-derived felsic magmatism coupled with the ca. 770 Ma Longsheng mafic magmatism,



suggesting that they did not carry or release too much volatile into the middle to lower crust as

what happened at ca. 830 Ma.

It is important to clarify crystal accumulation during magma differentiation in the two areas

regarding to their varied SiO, contents. Note the major element compositions of evolved magmas

may no longer represent those of primitive basaltic melts. Assuming the primitive arc basalts (50

wt% Si0, and Mg# of 0.7; shown as big star in Fig. 5b and Fig. 8) as the parental magma

compositions for the Neoproterozoic mafic rocks in northern Guangxi, an increase in SiO, at

decreasing Mg# can be explained by crystallization of high MgO minerals (such as olivine,

orthopyroxene and clinopyroxene) in the differentiation trend. It is noted that the ca. 830 Ma

Yuanbaoshan ultramafic rocks with SiO, <50wt% and Mg# >70 represent the crystal accumulation,

which is also consistent with their extremelylow Sr and Y concentrations (Fig. 10c) and elevated

MgO, Ni and Cr than primitive arc basalts (Fig. 5). The Longsheng rocks also show similar

accumulation and differentiation trends (Fig. 8b), as a consequence of a crystal fractionation (Lee

et al., 2006).

In summary, both the first (i.e., Baotan) and the second (i.e., Longsheng) episodes of mafic

rocks show significant differentiation and accumulation, while only the first episode of mafic

magmatism triggered crustal melting and differentiation. Therefore, it is important to figure out

the differences in source and melting conditions (including melting pressure, temperature and

water content) of the two episodes of mafic magmatism in the study area.

5.2. Magma sources: geochemical constraints

One of the differences between the two episodes of mafic magmatism is that isotopically the

Baotan mafic rocks show more enriched Nd-Hf isotopes, while the Longsheng mafic-ultramafic



rocks show relatively depleted isotopic features (Fig. 7). This could reflect the relative

contributions of crustal and mantle materials in magma sources and/or during subsequent

ascending processes (Huppert et al., 1985).

The contribution of crustal materials in generating the enriched Nd and Hf isotopes of the

Baotan mafic rocks can be modeled at 0-70% by the eNd(t)-Nd plot (Fig. 9). However, such huge

contamination is inconsistent with the low SiO, contents of the Baotan mafic rocks. In fact,

incorporation of cold crust into differentiated magmas is commonly suggested to be

volumetrically limited (Thompson et al., 2002), since a barrier would form between the

crystallizing basaltic magma and the cold country rocks to prevent further crustal contamination

(Lee et al., 2014; Yu et al., 2015). In addition, significant contamination correlations are not clear

for the Baotan rocks in the La/Nb and SiO, versus eNd(t) plots (Fig. 10a and 10b). Therefore,

shallow-level crustal contamination was not significant for the mafic rocks in the Baotan area, and

other mechanisms are necessary to induce their enriched Nd and Hf isotopes. It is noted that the

influence of crustal contamination for the Longsheng mafic-ultramafic rocks is much less (Fig.

10a and 10b), which is consistent with their depleted Nd-Hf isotopes. Simple crustal

contamination cannot account for the diversity of the geochemistry between the two episodes of

mafic magmatism in the study area. Enrichment processes in mantle source are required for the

Baotan mafic rocks.

Subduction is the major mechanism that carries enriched crustal components into mantle source,

and the interaction with subducted components can be investigated by incompatible trace element

systematics. The Baotan mafic rocks are characterized by the enrichment of LREE and LILE

relative to HESE in the trace-element spidergrams (Fig. 6), and they have variable Th/La ratios in



restricted Sm/La (Fig. 10d), suggesting that their mantle source were likely to have been

overprinted by subduction-related melt metasomatism as found in some modern subduction

settings (c.f., Drummond and Defant, 1990; Peacock et al., 1994; Yogodzinski et al., 2001).

Considering the association with the ca. §20 Ma subduction-related high-Mg diorites in the Baotan

area (Chen et al., 2014), the formation of the Baotan mafic rocks can be modeled by the mixing

within the whole range between depleted mafic magmas and the high-Mg dioritic melts featured

by enriched Nd-Hf isotopes (Chen et al., 2014). Among them, the mafic-ultramafic rocks in the

Yuanbaoshan area may be the results of crystal accumulation from magmas and mostly with less

than 10% contamination/mixing with the crustal components in mantle source.

The ca. 770 Ma Longsheng mafic-ultramafic rocks are basically coeval with the post-orogenic

bimodal magmatism in the eastern segment of the Jiangnan Orogen (Wang et al., 2012) and the

OIB-like basaltic rocks in the western Hunan Province of the western segment of the orogenic belt

(Wang et al., 2008). Their REE patterns (Fig. 6a) are overall similar to ocean island basalts (OIBs),

indicating a deep mantle source as mentioned above. Although the Longsheng rocks show Nb-Ta

anomalies, the anomalies are not significant as the Baotan rocks and the Zr-Hf negative anomalies

relatively to Sr and Eu are not significant either. As aforementioned, the depleted Nd-Hf isotopes

prevent significant incorporation of crustal components for the Longsheng rocks. The arc

geochemical affinities suggest that the magma source of the Longsheng rocks may have also been

metasomatized to some extent. However, partial melting of metasomatized lithospheric mantle

solely could not explain the steep REE patterns (Fig. 6a). Except for the samples that have

experienced significant crystal accumulation or fractionation, the Longsheng rocks mostly fall in

the triangle area constrained by the mixing lines of N-MORB with the wall rocks (i.e. the



Danzhou Group sedimentary rocks) and the OIB (Fig. 9). They can be interpreted by two-stage

magmatic processes: (1) the mixing of basaltic magmas from metasomatized mantle with the

OIB-like magmas from partial melting of asthenosphere; and (2) the subsequent crustal

contamination with the Danzhou Group wall rocks. Therefore, we propose a

lithosphere-asthenosphere interaction for the formation of the Longsheng mafic-ultramafic rocks.

This mechanism needs an extensional setting and is also consistent with the ca. 770 Ma mafic

rocks of the western segment of the Jiangnan Orogen in western Hunan Province (Wang et al.,

2008).

5.3. Coupling and decoupling of Nd-Hf isotopes

Most rocks exhibit coupled initial Hf-Nd isotope ratios in the terrestrial array with a eHf/eNd

ratio approximately of 2:1 (Vervoort and Blichert-Toft, 1999; Chauvel et al., 2008). While the

Nd-Hf isotopes of mafic-ultramafic rocks in Longsheng and Baotan areas are deviating from the

terrestrial array, and the possible mechanisms for the decoupled isotopic characters could be

concluded as the following factors: garnet effect, zircon effect, and fluid metasomatism. Garnet

imparts an elevated Lu/Hf ratio to the bulk rock due to its very high partition coefficients of Lu

relatively to Hf as a major residual phase in source. Therefore, melts from a source with lots of

garnet mineral phase are expected to have elevated Hf isotopes than Nd (i.e. garnet effect).

“Zircon effect” is resulted from that zircon is enriched in Hf but depleted in Lu, and therefore

extremely low Lu/Hf, which makes significant eHf variations between sediments with/without

detrital zircons. Specifically, zircon-rich sediments tend to have very low ¢Hf, while clay-rich

sediments which are devoid of zircons will have drastically higher eHf values (i.e., “zircon effect”

in sediments; Carpentier et al., 2009, Vervoort et al., 2011). However, both “garnet effect” and



“zircon effect” are inappropriate for the observed Nd-Hf decoupling in the Neoproterozoic

mafic-ultramafic rocks in the western segment of the Jiangnan Orogen because these investigated

rocks were generated from partial melting of mantle peridotite without significant melting of

garnet and zircon in the source.

Subduction-related sediments or fluids could impart some influences on Nd and Hf isotopes,

generating Nd-Hf isotope compositions below or above the Terrestrial Array (Gargon et al.; 2013).

Due to the higher solubility of Nd compared to Hf in fluid-like subduction components (e.g.,

Kessel et al., 2005; Pearce et al., 1999; Stolper and Newman, 1994), Nd may be more enriched in

the subarc mantle than Hf, leading to an increase of Nd/Hf. Likewise, during melt-related

subduction processes Nd can behave more mobile than Hf that is retained by Ti-rich phases or

zircon. In particular, a source overprint of depleted mantle by strongly LREE-enriched melts

(Hoffmann et al., 2010) could also explain the observed variability if such melts were less

radiogenic in eéNd than the depleted mantle component. The ca. 830 Ma Baotan mafic rocks are

characterized by negative eHf(t) values of —6.3 to —2.0, and their whole-rock Sm-Nd isotope

analyses also yielded negative eNd(t) values of —8.3 to —0.9. As illustrated in Fig. 11, the

whole-rock eHf(t) and eNd (t) values for the Baotan mafic rocks follows a trend that intersects the

mantle array (Vervoort and Blichert-Toftl., 1999), suggesting somewhat Hf-Nd isotope decoupling,

which are likely to reflect sediment contribution in their mantle source during subduction. Besides,

the enriched isotopic compositions of Baotan mafic rocks are also likely to reflect that the

lithospheric mantle at the time had been metasomatized by the slab-derived fluids (Zhou et al.

2004; Wang et al. 2006, 2008). Source overprinting may have caused partial decoupling of the

eHf-eNd values, due to selective addition of Nd as observed in subduction settings (e.g., White



and Patchett, 1984; Polat and Miinker, 2004). Therefore, the most radiogenic initial eNd and eHf

isotope values characterize the most depleted mantle sources for the Baotan mafic rocks, and less

radiogenic values would reflect increased contributions of isotopically more enriched subducted

components. On the other hand, the ca. 770 Ma Longsheng mafic-ultramafic rocks are

characterized by positive eHf{(t) values of +2.6 to +6.7, and their whole-rock Sm-Nd isotope

analyses gave eNd(t) values of —1.3 to +3.1 (Table 2). The whole-rock ¢Hf(t) and eNd(t) values

fall along the Hf-Nd isotope mantle arrays (Fig. 11), suggesting less incorporations of crustal Hf

and Nd into the magma sources for the Longsheng rocks. This could due to that these rocks

generated from a relatively deeper source as what the trace elements (strong depletions of HREE;

Fig. 6a) have suggested. Regarding to this point, it is necessary to calculate the melting P-T

conditions of the mafic magmatism in the study area. Before that, the water contents need to be

evaluated first.

5.4. Water content calculation

Water plays a key role in magmatic differentiation because it decreases melting point and melt

viscosity, and modifies the crystallizing phase assemblages. For example, volatiles (especially

water) contribute significantly to melting of mantle wedge and lower crust in subduction zones.

Therefore, in order to figure out the melting and evolution of mafic magmas in our study, it is

better to evaluate the water contents of the basaltic magmas in the study area first.

To model primary basaltic magmatic evolution with different water contents, we use the

program PMELTS (Gualda and Ghiorso, 2015) with MORB as the start composition with different

water additions. We choose MORB because it taps a volatile-depleted reservoir which is believed

to represent most of the upper mantle, while Ocean Island basalt (OIB) appears to come from a



less depleted, likely deeper source. Previous studies have indicated that water contents of 100-250
ppm for MORB and ca. 1000 ppm for OIB (Primitive and Metasomatism, 1998). The modeled
differentiation curves show that the Baotan mafic magma should be wet and have a high oxygen
fugacity, as SiO, increases from 50 wt% to 60 wt% when Mg# decreases from 70 to 40 (Fig. &c).
This observation is consistent with the “arc-like” geochemistry (i.e., negative Nb-Ta anomalies,
etc.), which can be simply explained by subduction-related fluid metasomatism. As for the
Longsheng mafic-ultramafic rocks, SiO, contents are not obviously correlated with Mg# (Fig. 8b),
indicating less water contents or lower oxygen fugacity in the magma system. Even adopting
estimated relative water contents the magma systems of the Longsheng rocks cannot be exactly
quantified. This helps us to have a brief idea that water conditions in these two locations of mafic
magmatism are different and they are further considered in P-T calculations on the conditions of

source melting.

5.5. Melting P-T conditions of magma sources

Another key question about the petrogenesis of the Baotan and Longsheng mafic-ultramafic
rocks is at what depth melting and melt extraction occurred. It is well known that the composition
of primary mafic melts depends on the mantle melting conditions (mainly of pressure and
temperature), which could be constrained using immobile major elements. This is crucial for
identifying the tectonic evolutions of the mantle-crust system in the western segment of the
Neoproterozoic Jiangnan Orogen.

To figure out the melting P-T conditions of the study area, we take mafic rocks with MgO >8.5
wt% from the Baotan and Longsheng for calculation, assuming Fe’*/Fe** = 0.1 (Bézos and Humler,

2005) and final olivine Mg# = 0.9. As pre-eruptive water contents of arc magmas could range



from dry (<1 wt% H,0) to wet (>4 wt%) (Lee et al., 2009), and the exact value is not well known,

we calculate P-T for a range of hypothetical water contents assumed from 0 to 7wt% according to

Bézos and Humler (2005) and Lee et al. (2009).

Our results suggest that the effects of adding water on P and T are obvious (Fig. 12a). Adding

up to 4 wt% H,O increases calculated pressures by 0.2 GPa (ca. 6 km) and decreases melting

temperature by 100-150 °C (fractionation correction assumes mantle Mg# of 0.9). Regardless of

water contents, the calculated pressures are mostly less than ca. 2 GPa, indicating that the Baotan

mafic rocks formed from a shallow (<60 km) mantle source that occurs well above the subducting

slab. Interpreting temperature calculations, however, is less.straightforward. If pre-eruptive water

contents are <1 wt%, then melting occurred at hot temperatures (ca. 1400 °C). If water contents

were higher than 4 wt%, relatively colder (1300 °C) magmas are implied. We suggest that a

relatively wet environment for the Baotan magmas is reasonable as our calculated equilibration

pressures fall within the metasomatized lithospheric mantle. Thus the effect of subduction-related

fluids is probably dominant in generating magmatism for the Baotan mafic melts.

In contrast to the Baotan rocks with a shallow melting depth, the Longsheng mafic melts may

have been generated from a deeper melting depth, with pressures up to 4 GPa (ca. 120 km; Fig.

12b). Note that some Longsheng rocks show relatively low melting pressure, possibly suggesting

that some formed at shallow levels along with the upwelling of the deep hot mantle source. It is

obvious that additional water in the mantle source would yield unobvious melting depths

difference. However, if the calculations are made at water content of 7 wt%, lower melting T

results (200-250°C) are obtained than dry conditions (Fig. 12b). Therefore, as for the generation

of the Longsheng mafic-ultramafic magmas, the effect of subduction-related fluids is probably



secondary, while the melting depth may be dominant during melting processes.

In summary, the Baotan and Longsheng mafic magmatism discussed here illustrate the

variations of melting conditions over time in an orogenic belt. Most of the wet mafic melts from

the melting of metasomatized lithospheric mantle at ca. 830 Ma may not ascend due to the

decompressed continental crust but just underplated beneath it, building the lower part of the

Neoproterozoic deep crustal hot zone on the southeastern margin of the Yangtze Block. The

underplated mafic melts releases heat and volatiles for the overlying continent crust to generate

the peraluminous granitoids in the Baotan area as what we observed in the northern Guangxi (Fig

1b). In contrast, during the period of ca. 770 Ma, partial melting of deeper and more depleted

asthenospheric mantle generated the Longsheng mafic-ultramafic rocks. It is possible that the ca.

770 Ma mafic magmas formed in an extensional setting so that they can be erupted or intrude

easily along the faults that were common at that time. Less crustal residence time, high T and low

water contents for the ca. 770 Ma mafic melts could be the reasons that no much felsic magmatism

was generated contemporaneously from the partial melting of continental crust at that time.

Overall, the calculated P-T-H,O conditions help to give a better understanding on the physical

conditions for the melting of mantle sources.

5.6. Models for distinct source melting processes

At ocean-continent subduction zones, cold oceanic lithosphere sinks into the mantle and yet

such regions (the arc) are characterized by large volcanic fluxes, because of metasomatism of

overlying mantle wedge by fluids released from the subducting slab and sediments (Fig. 13a). In

ca. 830 Ma, the various rocks types (including mafic rocks, cumulates and granitoids) in the

Baotan area may represent the orogenic progress during slab dehydration and/or melting, while the



ca. 770 Ma Longsheng mafic rocks may represent deeper source melting in post-orogenic stage

without much contemporaneous crustal melting (Fig. 13b).

Partial melting of lower crust due to underplating of mafic magmas is important for crustal

differentiation. The lower crust may be the dominant place for crustal differentiation especially

when deep crustal hot zone (DCHZ; Annen et al., 2006) or melting assimilation storage

hybridization (MASH) zones (Dufek and Bergantz, 2005) formed. This has been approved by the

presence of a lower viscosity zone in lower crust as observed in seismic data (Christensen, 1979).

The melting conditions (such as depth, temperature and water content) therefore play key roles in

controlling the compositions of melts generated in DCHZ.

For the ca. 830 Ma Baotan mafic rocks and cumulates, we propose a hydrous melting of

metasomatized mantle wedge within a deep crustal hot zone (DCHZ) along the southeastern

margin of the Yangtze Block. By partial melting of subducted crustal materials, hydrated magmas

could be generated at depth <60 km (Fig. 12a) leading to the formation of the Baotan mafic

magmas and the subsequent partial melting of mafic to intermediate lower crust to generate

voluminous contemporary peraluminous granitoids in the study area. Only a few mafic magmas

ascended though faults to shallow depth, forming the observed Baotan mafic rocks. During this

process, water played an important role in decreasing melting point and promoting the melting of

the overlying continental crust.

Interaction of mantle-derived basaltic melts with the crustal melts from subsequent partial

melting in DCHZ is common (Fig 8a). The differentiated basaltic flux derived from mantle wedge

and/or subducted slab not only provided heat and water to trigger crustal melting, but also the

geochemistry of the further melting products in DCHZ. Vice versa, the incorporation of enriched



crustal melts would also contribute to the mafic melts as the enriched isotopes indicated in the

Baotan area.

In contrast to the formation of DCHZ related to orogenic evolution at ca. 830 Ma, the ca. 770

Ma post-orogenic extensional setting cannot be reconciled with this regime. At this time, erosion

continued during continental uplift and fractures developed in the post-orogenic extensional

setting, magmas from deep source resemble OIB in geochemistry and ascended directly to the

shallow crustal depth. The magmas are relatively dry and hot and could not provide more volatiles

to facilitate dehydration melting to generate contemporaneous voluminous granitic rocks.

6. Conclusions

Mantle-crust melting processes are important in controlling Earth’s differentiation and crustal

evolution. Two episodes of the Neoproterozoic mafic magmatism in the northern Guangxi

Province illustrate contrasting mantle-crust melting processes along with orogenic evolution.

The ca. 830 Ma Baotan mafic rocks are coeval with voluminous granitic rocks and they were

generated by partial melting of mantle wedge that has been metasomatized by fluids released from

subducting slab at depth < 60 km. The hydrous mafic melts with ca. 4 wt% H,O underplated

beneath the lower crust and provided heat and water for crust melting at ca. 830-800 Ma at a deep

crustal hot zone. A few of the mafic melts may ascend along some faults and crystallized at a

shallow crustal level to form the mafic-ultramafic rocks by different degrees of fractional

crystallization and crystal accumulation in the Baotan area. Sediment contributions in magma

source during subduction led to the relatively enriched and decoupled Nd-Hf isotopes for the

Baotan mafic rocks.



After the amalgamation of the Yangtze and Cathaysia blocks, the deep crustal hot zone on the

southeastern margin of the Yangtze Block disappeared and the ca. 770 Ma mafic-ultramafic rocks

in the Longsheng area formed by deeper (up to 120 km) mantle melting under a relatively dry

water condition at a post-orogenic setting. The basaltic magma ascended along with crystal

accumulation and fractionation and formed only mafic-ultramafic rocks because of the lack of

water released to promote crustal melting. No much sedimentary materials have been incorporated

into the magma source of the Longsheng rocks so that they show consistent and depleted Nd-Hf

isotope signatures.

The variations of mantle sources and melting conditions for the two episodes of Neoproterozoic

mafic magmatism imply the transition from a subduction regime to a post-orogenic extensional

regime in the western segment of the Jiangnan Orogen. This study provides a case for two distinct

mantle-crust melting regimes within an orogenic belt, and suggests that their source change is

commonly corresponding to the transition of tectonic regime.
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Figure captions:

Fig.1. Sketch map for the studied Neoproterozoic mafic-ultramafic rocks from the study area in
South China (modified after GXRGST, 1987, 1995; Zhou et al, 2004).
(a) Simplified geological map of the Jiangnan Orogen; (b) Longsheng (including Sanmen) area;

and (c) Baotan area.

Fig.2. Field photos and micro-images for representative mafic rocks from the study area.

(a-b) The layered Longsheng mafic rocks intruded into the Hetong Formation of Danzhou Group
along the plane of stratification; (c) Polarized light micro-image for the primary texture with
medium-grained P1, Chl and Cal of sample 04LS-49 from the Longsheng area; (d) Gabbro texture
of sample 04L.S-45-2 also from the Longsheng area, with only coarse-grained plagioclase as
relatively fresh minerals; (e-f) Samples 04HGW-17 and 04ZK-12 from the Baotan area, with

obvious alteration. PI- plagioclase; Chl- chlorite, Cal-calcite.

Fig.3. Representative cathodoluminescence (CL) images of magmatic zircons in 04YBS-38 from
the Baotan area of northern Guangxi.

The analysis pits (solid circles) and date results are indicated.

Fig.4. U-Pb concordia plot for zircons of 04YBS-38 from the Baotan area.

Fig.5. Selected co-variation diagrams of immobile major and trace elements exhibiting magmatic

differentiation trends for the mafic-ultramafic rocks in the study area.

(a) MgO - SiO, (Wt%); (b) Mg# - SiOs(wt%); (c) TiO2 (Wt%) - MgO (wt%); (d) Al,O3 (Wt%) -



MgO (wWt%); (e) Ni (ppm) - MgO (wt%); (f) Cr (ppm) - MgO (wt%). Vectors indicate the

compositional shifts caused by cumulate mixing or magmatic differentiation (diff. for short in

figures). Compositions of Yuanbaoshan ultramafic rocks and some from Longsheng ultramafic

rocks can be well explained by accumulation. Major and trace element abundances are taken from

(Ge et al., 2000, 2001; Zhou et al., 2000, 2004, 2007; Zhao and Zhou, 2013; Yao et al., 2014) and

this study. Primitive arc basalt (big star) is from (Kelemen et al., 2003).

Fig.6. Chondrite-normalized REE patterns and Primitive mantle-normalized trace element

spidergrams for the Neoproterozoic mafic-ultramafic rocks from the study area.

Normalization data of chondrite and primitive mantle are from (Sun and McDonough, 1989). The

data of continental arc basalts are from (Kelemen et al., 2003).

Fig.7. Whole rock ¢Hf(t) and éNd(t) versus U-Pb ages (Ma) plots for the studied rocks from

Baotan and Longsheng areas.

Fig.8. Whole rock Mg# vs. SiO, (wt%) diagram showing magma differentiation trend of the

Neoproterozoic mafic magmatism in the study area.

Numbered curves represent differentiation paths: (1)-complementary differentiation trend seen in

the cumulates, (2)-differentiation of mafic plutons, (3)-generation of intermediate magmas by

subduction related magma mixing, and (4)-generation of granitic magmas by partial melting of

pre-existing crust. (a) Ultramafic-granitic outcrops from Baotan. The grey shade is highlighted

range for high-Mg intermediate composition. (b) Longsheng mafic-ultramafic rocks. (c) Modeled



curves of magma differentiation from MORB with different water contents and oxygen fugacity.
Dash curves represent dry condition without water addition, while solid ones are wet condition
with 2 wt% water. Water contents >2 wt% show no distinct difference, as water saturation
condition for the system is reached. Big crystal labeled “BCC*” “LCC” “UCC” refers to estimate
of global average bulk continental crust, lower continental crust, upper continental crust
respectively (Rudnick and Fountain 1995). Diorite and granite data references are from (Wang et
al., 2006, 2013; Chen et al., 2014).

Fig.9. Whole rock ("®Nd/"**Nd); versus Nd (ppm) diagram showing the degree of crustal
contamination for the mafic-ultramafic rocks from the study area.

Two mantle endmembers are indicated by open circles: primary mantle (Wasserburg et al., 1981)
with Nd isotopes (‘**Nd/"**Ndi = 0.511988, Nd = 2.658 ppm) and N-MORB ('**Nd/"**Ndi =
0.511988, Nd = 7.30 ppm). The sample 04WT-13 (**Nd/"**Ndi =0.511172, Nd = 32.06 ppm) for
metasediments of the Sibao Group (Wang et al., 2014), high Mg diorite ('*’Nd/'**Ndi =0.511308,
Nd = 23.70 ppm) from Baotan (Chen et al., 2014), OIB (‘**Nd/'*Ndi =0.511685, Nd = 35.46 ppm)
(White and Hofmann, 1982), sample 05TD-3-3 from Tongdao for Danzhou Group ("PNd/"**Ndi
=0.511515, Nd = 35.46 ppm (Wang et al., 2008) were selected as the crustal endmember for

calculation indicated by open triangles.

Fig.10. (a) La/Nb - eNd(t), (b) SiO, (wt%)- eNd(t) plots for the mafic-ultramafic rocks in the study
area. (¢) Sr/Y - Y (ppm) after (Tatsumi, 2006), (d) Th/La - Sm/La after (Plank, 2005) to trace the

effects of different types of slab components in mantle sources.



Fig.11. Whole-rock ¢Hf(t) versus eNd(t) isotopes for the studied rocks.

Terrestrial arrays are from Vervoort and Blichert-Toft (1999). Zircon-free and zircon-bearing

sediment arrays are from Bayon et al. (2009).

Fig.12. Comparison of melt equilibration conditions for the Neoproterozoic mafic magmatism in

the study area. (a) Baotan (b) Longsheng. Temperatures (°C) and pressures (GPa) estimates are

from Si- and Mg-thermobarometry (Lee et al., 2009) using mafic data in this study and references

same as Fig. 5. Calculated Lherzolite dry and 5wt% H,O solidus and melt fraction isopleths are

from Katz et al. (2003).

Fig.13. Cartoon illustrating magma melting conditions and mechanisms for (a) Baotan and (b)

Longsheng area, respectively.



Tables

Table 1 Major (wt%) and trace element (ppm) analyses for the mafic-ultramafic rocks in the

Baotan and Longsheng areas.

Table 2 Whole-rock Nd-Hf isotopic analyses for the mafic-ultramafic rocks in the study area.

Table 3 U-Th-Pb dating results of the magmatic zircons from the gabbro sample 04YBS-38 in the

Baotan area.



Tab Table 1
lel (continued)
Major (wt%) and trace element (ppm) analyses for the
mafic-ultramafic rocks in the Baotan and Longsheng areas,
northern Guangxi.
No. 1 2 3 4 5 6 7 8 No. 9 10 11 12 13 14 15
Loc Ba Ba Lon Lon Lon Loc Lon Lon Lon Lon Lon Lon Lon
Bao Baot Bao
atio ota ota gshe gshe gshe atio gshe gshe gshe gshe gshe gshe <gshe
tan an tan
n n n ng ng ng n ng ng ng ng ng ng ng
Roc Roc
dia dia pyro  pyro  pyro pyro  pyro
k diab diab dio k diab diab diab diab  diab
bas bas xeni xeni  xeni xeni  xeni
typ ase ase rite typ ase ase ase ase ase
€ € te te te te te
e e
Sa 04Y 04 04H 04C LJ Sa 04L 04L 04L 04L 04L
SM-  SM- SM- SM-  SM-
mpl BS- ZK GW D6 W- mpl S-4 S-4 S-4 S-4 S-4
42-1 452 50-1 40-2  41-2
e 38 -12 -17 -1 18 e 2-1 3 9 6 5-2
SiO 533 53. 548 53, 56. 50.0 443 417 SiO 371 395 475 450 475 501 47.1
2 9 21 5 30 67 9 0 3 2 5 7 0 1 3 8 7
TiO 0.4 0.8 0.5 TiO
0.95 0.49 1.78 1.28 0.64 050 0.67 1.13 071 176 1.12 2.06
2 4 5 9 2
Al 145 15, 153 14 13. 133 146 Al 142 115 142 158 16.6
7.24 427 6.26
O3 1 81 4 97 92 7 5 O3 0 4 4 4 0
Fe, 1.1 9.0 10. 11. 102 13.6 Fe, 155 14.0 124 10.0 105 122
B 9.50 9.65 B 9.70
o 0 4 10 18 2 8 o' 6 8 0 9 4 1
Mn 0.1 0.1 0.2 Mn
0.18 0.17 0.15  0.16 0.13 0.18 0.15 0.13 0.17 025 0.17 0.15
O 5 5 0 O
Mg 6.5 6.1 4.4 255 Mg 277 260 17.2
4.83 5.91 6.07 7.19 5.65 749 645 8.20
O 0 4 2 8 O 4 2 6
Ca 114 82 94 6.5 Ca
8.64 7.75 6.16 3.53 284 359 592 683 7.01 484 334
O 7 2 9 3 O
Na, 1.8 20 25 Na,
1.76 1.66 3.69 342  0.00 0.00 0.02 4.14 064 370 457 451
O 9 6 7 O
K, 1.6 1.2 1.7 K,
0.59 1.05 0.08 1.18 0.02 0.06 0.07 1.10 040 029 0.09 0.91
O 5 0 6 O
PO 0.0 0.1 0.0 P,O
0.10 0.08 0.21  0.15 0.09 0.08 0.08 0.12 0.12 026 0.13 0.22
s 8 0 9 5
3.0 1.7 21 11.6 120 10.0 108
LOI 1.27 2.46 6.99 7.54 LOI 522 7.64 626 4.9
8 4 4 1 7 2 4
10
SU 100. 100 100. 100 99.8 100. 100. SU 100.  100. 100. 100. 100. 100. 100.
0.0
M 15 .07 14 .10 3 32 18 M 44 54 43 29 28 18 34
7
Mg Mg*
46 59 55 55 44 56 58 79 78 79 54 73 60 55 57

o
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0.1
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3.73

158

29.6
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0.17

0.09

4.56

0.27
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0.42
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115

96.5

440
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Ce

Nd

Sm

Eu

Dy

Ho

Yb

Lu

Ta

Pb

U
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0.30
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0.34
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Pr

Nd
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Gd
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Ho
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Pb

Th
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6.92

0.40

1.93

0.29

0.39

1.03

0.14

0.81

0.12

0.52

0.24

0.35
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0.15

1.05

0.43
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! Fe,05* is the total ion

shown as Fe,03;

Mgh =

(Mg2+/(Mg2++FC2+)

! Fe,05* is the total ion

shown as Fe,0;;

> Mg# =

(Mg™/(Mg**+Fe™))
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Table
2

Whole-rock Nd-Hf isotopic analyses for the Neoproterozoic mafic-ultramatfic

rocks in northern Guangxi.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
04Y 04Z 04H 04C L
Sampl SM-4  SM-5 SM-4 SM-4  04LS 04LS 04LS 04LS 04LS
BS-3 K-1 GW- D-6- W-1 DS-1
e 2-1 0-1 0-2 1-2 -42-1 -43 -49 -46 -45-2
8 2 17 1 8
Long Long Long Long Long Long Long Long  Long
Baot Baot Baota  Baot Baot  Baot
Pluton shen shen shen shen shen shen shen shen shen
an an n an an an
g g g g g g g g g
pyro pyro pyro pyro pyro
Rock diaba  diab  diaba  diab diori gabbr  diaba = diaba  diaba  diaba
xenit xenit xenit xenit xenit
type se ase se ase te o se se se se
e e e e e
t=
Age 830 830 830 830 830 830 770 770 770 770 770 770 770 770 770
(Ma)
Sm
3.64 3.66 4.03 9.02 4.46 4.81 4.90 1.46 1.82 4.09 4.90 335 6.09 4.72 949
(ppm)
Nd 17.7 17.0 46.9 21.8 23.8
19.20 2044 - 5.18 6.92 17.11 20.44 14.08  27.19 1825 42.64
(ppm) 9 3 1 1 3
4TSy 0.12 0.12 0.127 0.11 0.12 0.12 0.145  0.170 0.159 0.144 0.145 0.144 0.135 0.156 0.134
Nd 36 98 1 63 36 20 0 4 1 7 0 0 4 2 5
0.51 0.51
143Nd/1
051 188 0.511 0.51 187 0.51 0.512 0512 0512 0512 0512 0512 0512 0512 0512
44
Nd
2194 0 838 2055 7 1911 327 658 462 532 327 307 481 402 328
+2SE 10 12 18 11 10 47 9 11 13 7 9 8 5 8 36
0.51 0.51
(mNd/
051 117 0.511 0.51 120 0.51 0.511 0511 0.511  0.511 0511 0511 0.511 0.511 0511
144 .
Nd)i
1522 4 146 1422 4 1246 595 798 658 802 595 580 797 614 649
=7.7 -7.1
eNd(t) -0.90 -8.25 -2.86 -6.28 -1.00 297 0.25 3.06 -1.00 -1.28 2.96 -0.62 0.06
1 2
+2SE 0.20 0.24 0.36 0.22 0.20 0.94 0.18 0.22 0.26 0.14 0.18 0.16 0.10 0.16 0.72
Lu 035 0.33 0.38 0.44
0.362 0.100 0.126 0313  0.182 0.337 0336 0.396
(ppm) 8 5 5 1
Hf 2.26 2.12 2.62 2.99
2.416 0.996 1.296 3.038 1951 4.230 3.073 4.857
(ppm) 8 8 5 4
TLu/t 002 0.02 0.02  0.02
0.021 0.014 0.014 0015 0013 0.011 0.015 0.012
THf 2 2 1 1
0.28 0.28
0.28 0.282 0.28 0.282 0.282 0282 0282 0.282 0282 0.282
o 243 241
2552 413 2505 686 668 626 586 649 596 550
Hf 5 3
+2SE 6 5 5 9 8 144 96 5 9 6 5 5
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)
0.28 0.28
0.28 0.282  0.28 0282 0282 0282 0282 0282 0282 0282
("°Hf/ 208 208
2204 083 2181 481 469 416 396 486 373 383
THE)i 8 8
-6.0 6.1
eHf(t)  -2.01 627  -2.80 645 603 415 344 665 263 300
9 0

+2SE 021 0.18  0.18 032 028 5.09 3.39 0.18 032 0.21 0.18




Table 3
U-Th-Pb dating results of the magmatic
zircons from the gabbro sample 04YBS-38

in the Baotan area of northern Guangxi.

T
8] Isotope ratios Ages (Ma)
h T
(p (p h 207 206 207 206
Analysis WTp 4 * +  p s + +
p p / Pb/ Pb/ Pb/ Pb/
b* 1 1 TR Ve 1
m m U 235 238 235 238
b o c s Pb o c c
y ) U U U U
0.
2 1 0. #
1. 0 0.1
6 7 0.0 1.7 0 # 3 10 1 11 1
04YBS-38-01 5 0 94 829
6 4 667 88 3 # 1 41 2 45 5
3 1 4
0 2 2 #
0
0.
0. #
9 9 1. 0 0.1
0.0 13 0 # 5 84 1 84 1
04YBS-38-02 3 0 0 0 39 860
677 02 3 # 3 7 5 2 2
7 0 4 1 5
4 #
8
0.
2 3 0. #
0. 0 0.1
0 3 0.0 1.2 0 # 4 83 1 83 1
04YBS-38-03 6 0 38 829
7 5 667 70 2 # 1 2 2 3 1
2 1 0
0 3 7 #
3
0.
1 0. #
9 0. 0 0.1
0 0.0 1.2 0 # 6 83 1 83 1
04YBS-38-04 6 9 0 38 832
0 668 75 3 # 5 5 8 6 2
2 6 2 5
4 9 #
1
0.
2 1 0. #
1. 0 0.1
1 4 0.0 1.7 0 # 5 10 1 10 1
04YBS-38-05 4 0 85 907
0 1 693 67 4 # 4 33 7 96 6
9 1 2
0 3 7 #
9
0. 0.
2 2 0.
1. 0 0.1 0
6 4 0.0 1.2 0 5 82 1 81 1
04YBS-38-06 0 0 35 0 831
2 6 668 44 3 8 1 6 7 2
6 1 1 2
0 8 4
9 1
1 1 1. 0.0 0. 1.8 0. 0.1 # 3 10 1 11 1
04YBS-38-08 889
6 0 6 687 0 50 0 95 # 8 64 4 51 6
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7 3 1 0 3 4 #
6 8 1 8 #
3
0 0
1 0.
7 1 0 01 0
1 0.0 12 0 5 83 1 83 1
04YBS-38-09 9 4 0 39 0 833
6 668 82 3 6 8 5 9 2
5 7 1 0 2
7 4
8 1
0
8 9 0 0 0.1
0.0 12 0 # 5 8 1
04YBS-38-10 9 6 9 0 38 860
677 91 3 # 5 1
5 8 2 1 3
1 #
7
5 2 # 0 #
2 0.1
7 3 00 # 16 0 2 10 1 10 1
04YBS-38-11 4 82 2
8 7 668  # 80 2 9 o1 0o 79 3
4
2 3 #
0.
2 1 #
0.1
2 2 0 # 310 111 1
04YBS-38-12 90 880
9 8 93 3 # 9 43 323 5
2
9 9 6 #
1 0. #
0.1
13 0 # 8 85 2 84 1
04YBS-38-13 40 855
11 5 # 8 1 3 8 5
7 7
3 #
0.
2 1 0. #
1 0 0.1
1 4 0.0 15 0 # 3 9% 1 10 1
04YBS-38-14 5 0 69 813
7 2 662 43 3 # 9 8 2 07 4
2 1 0
3 6 1 #
2
1 1 # 0 #
1 0.2 1
7 2 00 # 19 0 # 10 311 2
04 - 4 02 929 0
2 2 700 # 52 9 # 99 387 5
0 1 3
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Two episodes of Neoproterozoic mafic magmatism in northern Guangxi and their

influence on further crust melting are evaluated.

Ca. 830 Ma mantle melting in the Baotan area is subduction-related and caused a

deep crustal hot zone (DCHZ).

Crust melting at ca. 830 Ma is facilitated by heat and water released from hydrous

mantle-derived magmas in the DCHZ.

Ca. 760 Ma Longsheng rocks formed from a dry mantle source in an extensional

setting.

Change of mantle-crust melting behaviors corresponds to transition of tectonic

regime in orogenic belts.



