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Abstract: Lenses of amphibolites occur along the Ailaoshan suture zone at the 34

southwestern margin of the Yangtze Block, South China. Petrological, geochemical and 35

zircon U–Pb geochronological data indicate that they are divisible into two coeval groups. 36

Group 1, represented by the Jinping amphibolite, has mg-number of 71~76 and (La/Yb)cn37

ratios of 7.2~7.7, and displays a geochemical affinity to island arc volcanic rocks. Group 2 38

amphibolites occur at Yuanyang and are characterized by high Nb contents (14.3~18.4 ppm),39

resembling Nb-enriched basalts. The εNd(t) values for Group 1 range from -3.45 to -2.04 and 40

for Group 2 from +4.08 to +4.39. A representative sample for Group 1 yields a U-Pb zircon 41

age of 803 ± 7 Ma, whereas two samples for Group 2 give U-Pb zircon ages of 813 ± 11 Ma 42

and 814 ± 12 Ma. Petrogenetic analysis suggests that Group 1 originated from an43

orthopyroxene-rich source and Group 2 from a mantle wedge modified by slab-derived melt. 44

In combination with other geological observations, these amphibolites are inferred to 45

constitute part of an early Neoproterozoic (~815~800 Ma) arc-back-arc basin system. The 46

Neoproterozoic amphibolites and related rocks along the Ailaoshan zone may be the 47

southward extension of the Neoproterozoic supra-subduction zone that developed along the 48

western margin of the Yangtze Block. 49

Keywords: Ailaoshan zone; amphibolite; zircon U-Pb dating; petrogenesis; Neoproterozoic 50

subduction51

52

1. Introduction53

The position of South China Craton (SCC) has played a key role in paleogeographic 54

models for assembly of Precambrian supercontinents and contrasting intracratonic and 55
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peripheral locations have been proposed (e.g., Cawood et al., 2013; Li et al., 1995, 2008a; 56

Yan et al., 2004; Zhao and Cawood, 1999, Zhao and Guo, 2012; Zhou et al., 2002a). Key to 57

resolving this controversy is to understand the tectonic setting of Neoproterozoic igneous 58

rocks within the SCC, and whether they formed in supra-subduction zone and/or 59

within-plate environments. These Neoproterozoic igneous rocks are mainly distributed60

along the northern, western and eastern margins of the Yangtze Block and their petrogenesis 61

and tectonic environment has been a focus of intense study and debate (e.g., Chen et al., 62

2013; Dong et al., 2011, 2012; Li et al., 2002; 2003a; Zhang et al., 2013b; Zhao and 63

Cawood, 2012; Zhao et al., 2011; Zhou et al., 2002a, 2006b). In this study, we document the 64

petrological characteristics, geochemical affinities and tectonic setting of the 65

newly-identified Neoproterozoic amphibolites along the Ailaoshan zone adjacent to the 66

southwestern margin of the Yangtze Block. These data indicate a supra-subduction zone 67

setting and constrain the Neoproterozoic location of South China to a position along the 68

northern margin of the Rodinia supercontinent. 69

70

2. Geological Setting71

The Ailaoshan suture zone forms part of a major tectonic zone that marks the southern 72

boundary of the SCC (Fig. 1). It can be traced for at least 300 km and is up to 30 km wide in 73

Yunnan Province, SW China. The zone was reactivated in the late Paleozoic to early 74

Mesozoic during closure of the Tethys Ocean and resultant accretion of the Indochina Block 75

to the southeast of the suture zone (e.g., Charvet et al., 1996; Zhong, 1998). Subsequent 76

strike-slip deformation associated with the India-Asia collision during the Cenozoic period77



Page 4 of 51

Acc
ep

te
d 

M
an

us
cr

ip
t

reactivated the Ailaoshan suture zone and further disrupted it into a series of faults, e.g., Red 78

River, Ailaoshan, Jiujia-Anding, Lixiangjiang and Tengtiaohe faults (Fig. 2, e.g., Tapponier 79

et al., 1990).80

The Cenozoic Ailaoshan Fault divides the suture zone into two lithotectonic 81

successions (Fig. 2). To the northeast of the fault is a high-grade metamorphic succession of 82

sillimanite-biotite gneiss, two-mica schist, amphibolite, biotite-amphibole-plagioclase 83

gneiss, graphite-quartz marble, biotite gneiss, graphite schist, which together are defined as 84

the Precambrian Ailaoshan Group/Complex (e.g., Lu, 1989; Yunnan BGMR, 1983; Zhong, 85

1998). To the southwest of the fault occurs a greenschist facies association of Paleozoic and 86

earliest Mesozoic sedimentary and igneous rocks, including Permian ophiolitic fragments 87

(Fan et al., 2010; Yunnan BGMR, 1983; Zhong, 1998). The Ailaoshan suture zone abuts the 88

Yangtze Block (Figs. 1-2) that comprises Archean to Paleoproterozoic crystalline basement89

and Neoproterozoic to lower Paleozoic and upper Paleozoic marine packages (e.g., Cawood 90

et al., 2013; Qiu and Gao, 2000; Wang et al., 2013a; Zhao and Cawood, 2012).91

Within the Ailaoshan Group/Complex are small outcrops of mafic and ultramafic rocks92

that occur as lens, pods and isolated fragments. They consist mainly of hornblende 93

pyroxenite, amphibolite and metagabbro, and peridotite and pyroxenite, and were previously 94

considered to be Paleoproterozoic to Mesoproterozoic in age (e.g., Lu, 1989; Yunnan 95

BGMR, 1983). Amphibolite is the dominant rock type and is the focus of this study. It is 96

best developed in the Jinping and Yuanyang areas (Fig. 2b, c). The amphibolites at Jinping, 97

named herein Group 1, show blastoporphyritic texture and banded structure and are98

composed of pleochroic hornblende (~40-50 %), plagioclase (~30-45 %), quartz (~5 %),99
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biotite (~3 %) and small amounts of clinozoisite, chlorite, epidote, zircon, apatite and 100

magnetite (Fig. 3a). The amphibolite at Yuanyang, named herein Group 2, display 101

porphyroblastic texture and massive structure with the primary igneous textures often 102

destroyed by later deformation and metamorphism. They consist of pleochroic hornblende103

(~50-60 %), plagioclase (~20-30 %), pyroxene (~3 %), quartz (~3 %), biotite (~2 %) and 104

small amounts of chlorite, epidote, magnetite, zircon and apatite (Fig. 3b).105

106

3. Analytical methods107

Zircon grains were extracted from three representative samples of amphibolites108

(10HH-67A, 10HH-31A and 10HH-67B) by conventional heavy liquid and magnetic 109

techniques. These grains, together with zircon standard 91500, were mounted in epoxy. 110

Transmitted and reflected light micrographs, along with cathodoluminescence (CL) images 111

were taken to display the internal structure of all analyzed grains.112

U-Th-Pb measurements for 10HH-67A were undertaken using the Cameca IMS-1280 113

SIMS at the Institute of Geology and Geophysics, Chinese Academy of Sciences (CAS). 114

U-Th-Pb absolute abundances and ratios were determined relative to the standard zircon 115

91500 (Wiedenbeck et al., 1995). Detailed description of operating conditions and data 116

processing procedures is given in Li et al. (2009a). The long-term uncertainty for 206Pb/238U 117

measurements of the zircon standard of 1.5% (1 relative standard deviation, RSD) was 118

propagated to the unknown zircons, although in our analytical sessions the measured 119

206Pb/238U error was usually about 1% (1 RSD) or less. Non-radiogenic 204Pb was used for 120

the common Pb correction. Corrections are sufficiently small to be insensitive to the choice 121
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of common Pb composition, and an average of present-day crustal composition (Stacey and 122

Kramers, 1975) is used for the common Pb assuming that the common Pb is mainly due to 123

surface contamination introduced during sample preparation. Uncertainties on individual 124

analyses in data tables are reported at 1 sigma level and mean ages for pooled Pb/Pb (and 125

U/Pb) analyses are quoted at the 95% confidence interval.126

The zircon U-Pb isotopic results for samples 10HH-31A and 10HH-67B were analyzed 127

with a VG PlasmaQuad Excell inductively coupled plasma-mass spectrometer (ICP-MS) 128

equipped with a New Wave Research LUV213 laser ablation system at the University of 129

Hong Kong. Analytical settings were a beam diameter of ca. 40 µm, a 10 Hz repetition rate, 130

and energy of 0.6 mJ to 1.3 mJ per pulse. The equipment was tuned with total U signals 131

ranging from 3×104 to 100×104 counts, depending on U contents. Typical ablation time 132

was 30 s to 60 s, leading to pits of 20 µm to 40 µm deep. Helium carrier gas transported the 133

ablated sample materials from the laser-ablation cell via a mixing chamber to the ICPMS 134

after mixing with Ar gas. The detailed analytical procedure of Xia et al. (2004) is followed. 135

Data reduction for all samples was carried out using the Isoplot/Ex v. 3 program (Ludwig, 136

2001). The U-Pb dating results and sampling locations for 10HH-31A, 10HH-67A and 137

10HH-67B are listed in Table 1 and shown in Figures 2b-c.138

For whole-rock elemental and isotopic analysis, the representative samples were 139

pulverised to 200-mesh. Major element oxides were analyzed at the Guangzhou Institute of 140

Geochemistry (GIG), CAS, by a wavelength X-ray fluorescence spectrometry using a 141

Rigaku ZSX100e spectrometer with the relative standard derivations of <5 %. Trace element 142

contents were measured using Perkin-Elmer Sciex ELAN 6000 ICP-MS at the GIG, CAS. 143
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Detailed sample preparation and analytical procedure of Qi et al. (2000) is followed. Sample 144

powders for Sr and Nd isotopic analyses were spiked with mixed isotope tracers, dissolved 145

in Teflon capsules with HF+HNO3 acids, and separated by conventional cation-exchange 146

technique and run on single W and Ta-Re double filaments. Sr-Nd isotope ratios were 147

measured on a MicroMass Isoprobe MC-ICP-MS at the GIG, CAS. Sample preparation and 148

chemical separation followed Liang et al. (2003). The total procedure blanks for Sr were 149

200-500 pg and < 50 pg for Nd. 86Sr/88Sr = 0.1194 and 146Nd/144Nd = 0.7219 were used for 150

correcting the mass fractionation for Sr and Nd isotopic ratios, respectively. The measured 151

87Sr/86Sr ratio of the (NIST) SRM 987 standard and 143Nd/144Nd ratio of the La Jolla 152

standard is 0.710265 ± 12 (2σ) and 0.511862 ± 10 (2σ), respectively. Within-run errors of 153

precision are estimated to be better than 0.000015 for 86Sr/88Sr and 146Nd/144Nd in the 95% 154

confidence level during the analytical process. The analytical results of major oxides, 155

elements and Sr-Nd isotopes are shown in Tables 2 and 3.156

157

4. Results158

4.1. Zircon U–Pb geochronology159

Zircons from samples 10HH-31A, 10HH-67A and 10HH-67B are generally transparent 160

to translucent, light-brown to colorless grains or grain fragments with subhedral 161

morphology. They are ~80-120 µm in length with length to width ratios of 1.5:1 to 3:1. CL 162

images exhibit weak oscillatory zoning with variable luminescence, indicative of an igneous 163

origin (Fig. 4a-c).164

10HH-31A: Zircon grains have U contents ranging from 117 ppm to 1138 ppm and Th 165
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from 136 to 571 ppm. Their Th/U ratios are in range of 0.49-1.78 (Table 1). Twenty-four 166

analyses on 23 grains form a coherent cluster and give a 206Pb/238U weighted mean age of 167

803 ± 7 Ma with MSWD = 0.99 (Fig. 4a). In combination with the oscillatory zoning of the 168

grains, this age can be interpreted as the formation age of the sample. 169

10HH-67A: The U and Th concentrations for the sixteen analyzed grains range from 170

139 to 1288 ppm and 48 to 3400 ppm, respectively, with Th/U ratios of 0.28-1.03 (Table 1). 171

Most of the analyses are variably discordant, interpreted to be the result of late Pb loss. Four 172

spots yield a coherent group with the 206Pb/238U weighted mean age of 813 ± 11 Ma with 173

MSWD = 1.05 (Fig. 4b), representing the crystallization age of the sample.174

10HH-67B: Twenty-six analyses on 26 grains exhibit a relatively wide range of U and 175

Th concentrations with U = 112-1608 ppm and Th = 55-542 ppm. Th/U ratios range from 176

0.10 to 1.20 (Table 1). The majority of the 26 analyses form a normally discordant array 177

with the apparent 207Pb/206Pb > 207Pb/235U > 206Pb/238U, suggestive of Pb loss during 178

subsequent tectonothermal events. Four grains have significantly older U–Pb ages than the 179

remaining analyses with the 207Pb/206Pb apparent ages of 2740 Ma, 2087 Ma, 1146 Ma and 180

1150 Ma (Table 1), and are interpreted as xenocrysts. Ten spots yield a 206Pb/238U weighted 181

mean age of 814 ± 12 Ma with MSWD = 1.01 (Fig. 4c), representing the formation age of 182

the sample.183

184

4.2. Geochemical characteristics185

Based on the mineral assemblage and geochemical characteristics, the amphibolites 186

from Jinping and Yuanyang are divided into two groups, referred to as Group 1 and Group 2. 187
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Group 2 samples have higher FeOt, TiO2 and P2O5 contents and lower CaO contents than 188

Group 1 (Table 2 and Fig. 5). Ni contents of Group 2 are relatively higher (100 to 130 ppm)189

compared to the values of 10-22 ppm for Group 1. On the plot of Zr/TiO2 versus Nb/Y, 190

Group 1 falls in the subalkaline field, whereas Group 2 samples plot in the alkaline field 191

(Table 2 and Fig. 6a). Group 1 has mg-number of 71~76, La/Yb of 7.2~7.7, TiO2 of192

0.37~0.76 wt. % and Nb of 3.19~ 5.22 ppm (Figs. 6b and 7). Group 2 samples, are 193

characterized by mg-number of 52~68 and La/Yb of 9.1~10.5 (Fig. 6b) with  TiO2 contents 194

ranging from 1.67 wt. % to 2.22 wt. % and Nb contents from 14.28 ppm to 18.43 ppm. 195

On REE-normalized plot, Group 1 has (La/Yb)cn of 4.98~5.91 and (Gd/Yb)cn of196

1.60~1.65, and negative europium anomalies with δEu (2*Eu/(Sm+Gd) of 0.58~ 0.74 (Fig. 197

7a). Group 2 has a steeper REE-normalized pattern with higher LREEs contents, (La/Yb)cn 198

(6.55~7.52), (Gd/Yb)cn (1.90~2.23) and δEu (0.97~1.01) ratios than Group 1 (Fig. 7c). On 199

multi-element primitive mantle-normalized plot, Group 1 samples are characterized by 200

negative Nb-Ta ((Nb/La)n = 0.22~0.34) and P-Ti anomalies and positive Sr anomalies. 201

Group 2 has (Nb/La)n ratios ranging from 0.73 to 0.81, (Th/La)n ratios from 0.88 to 1.12 202

and (Hf/Sm)n from 0.93 to 1.02, and is marked by enrichment in LILEs and weak depletion 203

in Nb-Ta and Ti (Fig. 7b, d). 204

The initial Sr–Nd isotopic compositions for groups 1 and 2 are calculated back to their 205

formation age of ~800 Ma and ~810 Ma, respectively (Fig. 8b and Table 3). 87Sr/86Sr(t) 206

ratios for Group 1 range from 0.70493-0.70663 and have εNd(t) values of -3.45 ~ -2.04. In 207

contrast, Group 2 display distinct Sr-Nd isotopic compositions with 87Sr/86Sr(t) ratios 208

ranging from 0.71040 to 0.70654 and εNd(t) values from +4.08 to +4.39.209
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210

5. Discussion211

5.1. Alteration effects 212

Groups 1 and 2 samples have experienced greenschist to amphibolite facies 213

metamorphism. They show low loss on ignition (LOI) of less than 2.2 wt%. High field 214

strength elements (e.g., Th, Zr, Hf, Nb, Ta, Ti, Y and REE) and Nd isotopic compositions 215

are generally considered to be immobile during alteration or weathering (e.g., Barnes et al., 216

1985; Wang et al., 2007a) and Zr is often used as a reference phase to test the mobility of 217

other incompatible elements (Rolland et al., 2009). Our samples show positive correlation 218

between Zr and Nb, Th, La, Yb, Nd, Sm and Ti for groups 1 and 2, whereas LOI shows little 219

or no correlation with Nb/La and Th/La ratios and εNd(t) values (not shown). These 220

signatures, together with the subparallel REE and multi-element patterns in Figs. 7a-d, 221

suggest that the behavior of these elements can be used to trace the primary magmatic 222

features. Furthermore, the linear correlations on the Harker variation diagrams (Fig. 5) also 223

display insignificant effects of alteration.224

225

5.2. Petrogenesis of the Ailaoshan amphibolite 226

The positive correlation between Al2O3 and SiO2 but negative correlation between CaO 227

and SiO2 of the Group 1 samples suggest a source characterized by low Al2O3 and high CaO 228

(Upton and Emeleus, 1987). Such signatures, combined with MgO of 8.82 to 12.07 wt %, 229

P2O5/Al2O3 of 0.002–0.004 and Gd/Yb of 1.9-2.0 (Table 2), are most likely inherited from a 230

garnet-bearing, orthopyroxene-rich source that had previously experienced melt extraction 231
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(e.g., Hirose, 1997; Wang et al., 2007c, 2013a). Group 1 samples show enrichment in LILEs 232

and depletion in HFSEs with pronounced negative Nb-Ta and Zr-Hf anomalies (Fig. 7b). 233

These signatures, together with high Th/Yb (0.66–0.90), Ba/Nb, Zr/Nb, Sr/La and Th/Ce 234

ratios and low Nb/La, Ta/La and Ce/Pb ratios, indicate the similarity to typical 235

supra-subduction zone arc magmatic rocks and distinction from rocks in intraplate settings 236

(Fig. 9c, e.g., Pearce, 2008; Luhr and Haldar, 2006; Pearce and Peate, 1995). The 237

REE-normalized and multi-element primitive mantle normalized patterns of Group 1 are 238

also identical to the Barren Arc volcanic rocks and Neoproterozoic Panzhihua mafic rocks 239

(Fig. 7a and 7c).240

Group 1 samples have negative εNd(t) values of −2.04 ~ −3.45 (Table 3 and Fig. 8b), 241

indicate the involvement of crustal components rather than the addition of new slab-derived 242

fluid/melt within the magma source region (e.g., Wang et al., 2004, 2007c, 2013b). Possible 243

sources for crustal involvement include arc basement or the subduction-derived sediments. 244

Our modeling calculation suggests that ~10–30 % SCC crustal materials are required to 245

achieve the observed Nd isotopic composition of the Group 1 samples (Figs. 8a-d. e.g., 246

Chen and Jahn, 1998; Wang et al., 2007c, 2011, 2012b). Such a large volume of crustal 247

materials in the mantle source is inconsistent with the Sr-Nd isotopic compositions and the 248

ratios of incompatible elements, and also fails to explain the major oxide characteristics of 249

the Group 1 samples. As a result, an alternative model for the petrogenesis of the Group 1 250

samples is proposed involving recent or ancient metasomatism of subduction-derived 251

sedimentary components. Such a petrogenesis can reasonably explain the geochemical 252

signature of the Group 1 samples, such as the correlations between Nb/Y, Rb/Y, Nb/Zr, 253
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Th/Zr, Nb/U, Th/Nb, Ba/Nb and εNd(t) (Figs. 11a, c, d; e.g., Fan et al., 2010; Kepezhinskas 254

et al., 1997; Pearce and Stern, 2006; Zhao and Zhou, 2007). 255

Group 2 shows lower Al2O3, K2O and CaO and higher P2O5/Al2O3 (0.019-0.020), 256

Nb/Ta (13.8-15.2), Ce/Y (2.04-2.15), Sm/Yb (2.4-2.9) and Gd/Yb (2.3-2.7) in comparison 257

with Group 1 (Table 1 and Figs. 5a-h). These features indicate a derivation from a mantle 258

source more enriched in garnet and which has undergone little or no depletion by a previous 259

melt extraction event (e.g., Class et al., 2000). The Nb/U values for Group 2 are markedly 260

lower than those of the average ocean island basalts (Fig. 6c). On the Gd/Yb versus Nb/La 261

discrimination diagram (Fig. 9a), Group 2 samples have higher Nb contents than typical arc 262

volcanic rocks, and can be classified as Nb-enriched basalt (e.g., Sajona et al., 1993, 1996). 263

Their compositions are similar to the Mindamao (Philippines) Nb-enriched island arc basalts 264

and the early Neoproterozoic Wuyi-Yunkai Nb-enriched arc basalt from the SCC (e.g., 265

Wang et al., 2013a; Zhang et al., 2012a). Three petrogenetic models have been proposed for 266

Nb-enriched basalt involving (i) an OIB-like plume-related source, (ii) shallow-level crustal 267

assimilation en route, and (iii) a mantle wedge metasomatised by young slab-derived 268

components (e.g., Sajona et al., 1996; Kepezhinskas et al., 1996; Stern, 2002; Wang et al., 269

2013a). Neoproterozoic OIB-derived mafic rocks have not been observed in the study area 270

and the geochemical characteristics of the Group 2 samples are distinct from those of OIB, 271

ruling out a plume-related origin. Group 2 has higher FeOt, TiO2 and P2O5 contents and 272

lower CaO contents and is marked by enrichment in LILEs and insignificant in Nb-Ta and 273

Ti (Fig. 7b, d), precluding the possibility of the significant shallow-level crustal assimilation. 274

These samples show higher La/Yb, Th/Ce and Th/Nb ratios than average MORB (Sun and 275
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McDonough, 1989). Their Nb/Ta ratios range from 13.8 to 15.2, (Ta/La)n ratios from 0.90 276

to 0.96, and (Hf/Sm)n from 0.93 to 1.02. These signatures argue for the involvement of 277

slab-derived melts in the Group 2 source. This is similar to those of Mindamao and 278

Wuyi-Yunkai Nb-enriched basalts that are interpreted as the product of interaction of subarc 279

mantle peridotite with siliceous slab-derived melt (Fig. 11b; e.g., Kepezhinskas et al., 1996, 280

1997; Wang et al. 2013a). The modification of a subduction- component in the Group 2 281

source is further evidenced by the correlations between Nb/Zr, Th/Zr, Nb/U, Th/Nb, Ba/Nb 282

and εNd (Figs. 11a-d). Group 1 has arc-like signatures, and plots above the MORB array in 283

Fig. 9b (Pearce and Stern, 2006), similar to those of arc magma along the western and 284

northern margins of the Yangtze Block. The majority of the Group 2 samples plot between 285

MORB and western Yangtze arc magma, suggestive of the capture of subduction 286

components within the magma source, identical to the Scotia back-arc basin basalt (BABB)287

whose source was modified by the South Sandwich arc (Fig. 9b; Pearce and Stern, 2006).288

289

5.3. Tectonic implications: ~815~800 Ma arc system along the SW Yangtze Block290

Our age data for amphibolites along the Ailaoshan zone give zircon U-Pb ages of 803 ± 291

7 Ma (Group 1), 813 ± 11 Ma (Group 2) and 814 ± 12 Ma (Group 2). Recent data for292

orthogneiss within the Ailaoshan zone having U-Pb zircons ages ranging from 843 Ma to 293

803 Ma (e.g., Li, 2010; Liu et al., 2008a). These geochronological data indicate the presence 294

for the Neoproterozoic igneous rocks adjacent to the SW margin of the Yangtze Block. 295

Group 1 amphibolites display an affinity to arc volcanic rocks (Fig. 6c, Fig. 9a-c and Fig. 296

10a). Group 2 samples show higher HFSEs and Nb contents and lower Ti/Zr, V/Ti and Sc/Y 297
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ratios than Group 1. On the plots of V versus Ti/1000, FeO*/MgO versus TiO2 and Ti/Zr 298

versus V/Ti (e.g., Woodhead et al., 1993; Fan et al., 2004), Group 2 samples generally plot 299

in the field of BABB, similar to the East Scotia, North Fiji, Lau basin, Havre Trough and 300

East Woodlark lavas (e.g., Hollings and Kerrich, 2004; Macdonald et al., 2000). 301

Intra-oceanic BABB (e.g., South Sandwich Islands and Tonga–Kermadec arcs) is302

geochemically indistinguishable from an N-MORB source (e.g., Hawkins, 1995) and has303

(La/Yb)n < 2, Nb/La < 0.6 and Sm/Nd > 0.3. In contrast, the BABB with continental 304

basement usually exhibits E-MORB-like elemental and isotopic compositions with 305

(La/Yb)n > 3, Nb/La > 0.6 and Sm/Nd < 0.3 (e.g., Shinjo et al., 1999). Group 2 has elevated 306

LILEs, LREEs and HFSEs, and relatively low (Th/La)n. Their (La/Yb)n ratios range from 307

6.55 to 7.52, Nb/La from 0.76 to 0.84, Sm/Nd from 0.20 to 0.21, and Zr/Y from 5.87 to 6.69, 308

similar to those observed in Northern Okinawa Trough (Japan Sea) intra-continental BABB 309

(e.g., Gribble et al., 1998; Sandeman et al., 2006). In plots of Ce versus Yb and Ce/Nb 310

versus Th/Nb (Figs. 10b-d; Hawkesworth et al., 1993; Pearce, 1983), Group 2 samples plot 311

near the field of the Okinawa BABB and resemble continental margin arc basalts from 312

Philippines. The presence of the inherited zircons in 10HH-67A (e.g., 10HH-67A-02, -10, 313

-19 and -24) also points to the involvement of continental basement. As a result, it is herein 314

proposed that Group 1 samples formed in a magmatic arc environment and Group 2 in an 315

intra-continental BAB setting. Lu (1989) also suggested, on the basis of the voluminous 316

volcano-sedimentary associations and relatively uniform volcanic sequences in the 317

Ailaoshan Group/Complex, the development of a Neoproterozoic arc-back-arc setting along 318

the Ailaoshan zone. 319
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The Neoproterozoic successions are fault-bounded both with respect to each other and 320

with respect to the bounding Yangtze and Indochina blocks. Comparison of the 321

geochronological and geochemical data from the Ailaoshan zone with those in the bounding 322

blocks favors the correlation with the western margin of the Yangtze Block. The temporal 323

equivalence of the two groups of amphibolite suggests that they originally formed in spatial 324

proximity as part of an overall coherent supra-subduction zone tectonic assemblage. 325

Furthermore, Neoproterozoic units have recently been recognized within the Ailaoshan 326

suture to the southwest of the study area (Figs. 1 and 12), with gabbro and granodiorite 327

yielding U-Pb zircon ages of 769 ± 7 Ma and 761 ± 11 Ma and their geochemical 328

composition suggesting a magmatic arc setting (e.g., Qi et al., 2012). Additionally, in the 329

PoSen complex in northern Vietnam, which is inferred to lie along a further extension of the 330

Ailaoshan suture zone (Hieu et al., 2009, 2012), the granitic rocks were dated at 760-751 331

Ma and show subduction-related geochemical signatures (Figs. 1 and 12 and Supplementary 332

table 1; e.g., Hieu et al., 2009, 2012; Lin et al., 2012; Liu et al., 2012; Wang et al., 2011a). 333

The synthesis of all data suggests an overall age-range of the Neoproterozoic igneous 334

activity within the Ailaoshan suture zone from at least 815 Ma to 750 Ma. This falls within 335

the overall age-range (860-730 Ma) of supra-subduction activity along the western margin 336

of the Yangtze Block (e.g., Zhao and Cawood, 2012; Zhao et al., 2011; Zhao and Zhou, 337

2007; Zhou et al., 2002a, b, 2006a, b). This contrasts with the time (~1000-820 Ma) of the 338

subduction-related magmatic activity along the Wuyi-Yunkai, Shuangxiwu and Jiangnan 339

Orogens in the eastern and central parts of the SCC (Fig. 1; e.g., Cawood et al., 2013; Shu et 340

al., 2008, 2011; Wang et al., 2013b; Zhang et al., 2012a, b, 2013b). If the Neoproterozoic 341
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igneous rocks within the Ailaoshan suture zone represent the disrupted southward extension 342

of the subduction-related rocks along the western margin of the Yangtze Block, then their343

current disposition requires at least 400 km of left-lateral strike slip displacement along the 344

suture and the younger Cenozoic faults (e.g., Leloup et al., 1995; Tapponnier et al., 1990). 345

The arc and back-arc affinities of the Neoproterozoic igneous rocks along the 346

Ailaoshan suture zone (Figs. 7, 9 and 10a; Qi et al., 2012; Wang et al., 2011a) are consistent 347

with the supra-subduction setting inferred for the similar age igneous activity within the 348

SCC (Figs. 1 and 11; Cawood et al., 2013; Wang et al., 2013b; Zhou et al., 2002a, b). Our 349

samples show no evidence for plume or within-plate geochemical affinities, further350

suggesting that the convergent plate margin activity took place with an accretionary setting 351

on the margin of Rodinia rather than in the intracratonic position (e.g., Cawood et al., 2008, 352

2009, 2010, 2013; Wang et al., 2013b). 353
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Figure Caption772

Fig.1. Simplified geotectonic map showing the Ailaoshan zone (modified after Leloup et al., 773

1995; Lin et al., 2012; Zhao and Cawood, 2012). (G) and (B) refer to the ages for 774

granite and basalt and others from the volcanics from the sedimentary-volcanic 775

sequence. The cited geochronological data are from Supplementary table 1.776

Fig.2. (a) Schematic geological map of the Ailaoshan suture zone showing (b) the 777

distribution of amphibolites at Jinping and (c) at Yuanyang.778

Fig.3. Microscope photographs for the representative amphibolites along the Ailaoshan zone. 779

(a) amphibolite 10HH-31A, (b) amphibolite 10HH-67A. Amp: amphibole, Pl: 780

plagioclase, Cpx: clinopyroxene. 781

Fig.4. Zircon U–Pb concordia diagram for amphibolites along the Ailaoshan suture zone. (a) 782

10HH-31A amphibolite at Qingjiao (Jinping), (b) 10HH-67A amphibolite at783

Yiwanshui (Yuanyang), and (c) 10HH-67B amphibolite at Yiwanshui (Yuanyang).784

Fig.5. Plots of SiO2 versus (a) MgO, (b) FeOt, (c) CaO, (d) Al2O3, (e) TiO2, (f) P2O5, and MgO 785

versus (g) Cr and (h) Ni for amphibolites from the Ailaoshan suture zone.786

Fig.6. Classification plots of (a) Zr/TiO2 versus Nb/Y (Winchester and Floyd, 1977); (b) La/Yb 787

versus mg-number and, (c) Nb/U versus Nb (Kepezhinskas et al., 1996) for the amphibolites 788

along the Ailaoshan zone. The fields of the island arc basalts and Nb-enrich basalt are from 789

(Kepezhinskas et al., 1996). The data for ~1.0 Ga metabasite with the affinity to 790

back-arc-basin basalt and Nb-enriched arc basalt from the Cathaysia Block are from Wang et 791

al.(2013b). Symbols in (b-c) are the same as those in (a).792

Fig.7. Chondrite-normalized REE patterns and primitive mantle-normalized incompatible element 793

spidergrams for the amphibolites along the Ailaoshan suture zone. Abbreviations: 794

SYB-Southern Yangtze Block; WYB-Western Yangtze Block; NYB-Northern Yangtze Block; 795

EYB-Eastern Yangtze Block; CB-Cathaysia Block. The normalized values for the chondrite 796

and primitive mantle are from Sun and McDonough (1989). Data for the Barren arc-volcanic797

rocks and East Scotia back-arc-basin are from Luhr and Haldar (2006) and Leat et al. (2000), 798

respectively. OIB, N-MORB and E-MORB are after Sun and McDonough (1989). 799

Nb-enriched basaltic andesite from Hispaniola and Yunkai are from Viruete et al. (2007) and 800
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Zhang et al. (2012a), respectively. Panzhihua mafic rocks are from Zhao and Zhou (2007) and 801

Li et al. (2006) and references therein. Hannan mafic rocks are from Zhao and Zhou (2009), 802

Dong et al. (2011), Ling et al. (2003). Xiang-Gan mafic rocks are from Wang et al. (2008b), Li 803

et al. (2008b) and references therein.804

Fig.8. Plots of (a) Nb/La versus SiO2, (b) εNd(t) versus (87Sr/86Sr)i (c) SiO2 versus εNd(t) (Wang et al., 805

2013a) and (d) 1000/Nd versus εNd(t) (Zhang et al., 2012a). Data for the Neoproterozoic (~810 806

Ma) mafic intrusions in Yanbian Terrane and Neoproterozoic gabbros in Panzhihua of the 807

western Yangtze Block are from Zhou et al. (2006b) and Zhao and Zhou (2007). SC lines 1 808

and 2 (red solid line) note source contamination of the depleted mantle and wedge with SCC809

crustal sediment, respectively. SC line 2 denotes the delamination of the SCB basement into 810

the lithospheric mantle. CA lines 1 and 2 (pale blue dashed line) mean crustal assimilation en 811

route for the depleted mantle- and wedge-derived magma with SCB crust, respectively. The 812

modeling results show that the ~10-30 % average crustal materials are required to be involved 813

in the MORB-derived magma by crustal contamination en route for matching the observed Nd 814

isotopic compositions but failing to interpret the variation of Nb/La ratios for groups 1 and 2.815

Fig.9. Discrimination diagrams of (a) Gd/Yb versus Nb/La (Zhang et al., 2012a), (b) Ba/Yb versus 816

Nb/Yb (Pearce and Stern, 2006), and (c) Th/Yb versus Nb/Yb (Pearce, 2008) for the 817

amphibolites along the Ailaoshan suture zone. Back-arc basalts modified by subduction 818

components always plot between the MORB array and arc field and those of unaffected by 819

subduction components mostly within the MORB array. Data for the arc rocks in the west 820

Yangtze Block (~810 Ma), South Sandwich arc-Scotia BABB and Mariana arc and BAB are 821

from Zhou et al. (2006b), Pearce and Stern (2006) and Pearce (2008), respectively.822

Fig.10. (a) Nb/Th versus La/Nb. (b) Ce versus Yb (Hollings and Kerrich, 2004), (c) Ta/Yb versus 823

Th/Yb (Pearce and Peate, 1995), and (d) Th/Nb versus Ce/Nb (Zhang et al., 2012a) for the 824

amphibolites along the Ailaoshan zone.825

Fig.11. Discrimination diagrams of (a) Nb/Zr versus Th/Zr (Zhao and Zhou, 2007), (b) Nb/Y versus 826

Rb/Y (Kepezhinskas et al., 1997), (c) Nb/U versus εNd (t) (Fan et al., 2010), and (d) Th/Nb 827

versus Ba/Nb (Pearce and Stern, 2006) for the amphibolites along the Ailaoshan zone. 828

Fig.12. Age range of principal Neoproterozoic rocks around the Yangtze Block. Abbreviations: 829
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SYB-Southern Yangtze Block; WYB-Western Yangtze Block; NYB-Northern Yangtze Block; 830

EYB-Eastern Yangtze Block; CB-Cathaysia Block; PS-PoSen; ALS-Ailaoshan; 831

DCS-Diancangshan; PZH-Panzhihua; KD-Kangding; BK-Bikou; HN-Hannan; DH-Donghai; 832

SX-Shangxi; SXW-Shuangxiwu; SQS-Shuangqiaoshan; BX-Banxi; CSP-Cangshuipu; 833

LJX-Lengjiaxi; FJS-Fangjingshan; DZ-Danzhou; WY-Wuyi; YK-Yunkai. Numbers on data 834

points refer to the following sources: 1 Lin et al. (2012), 2 Liu et al. (2008a), 3 Qi et al. (2012), 835

4 Wang et al. (2011a), 5 Li et al. (2003b), 6 Zhou et al. (2002b), 7 Li et al. (2003a), 8 Sinclair 836

(2001), 9 Zhou et al. (2006b), 10 Zhao and Zhou (2007), 11 Zhu et al. (2006), 12 Zhu et al. 837

(2008), 13 Li et al. (2003c), 14 Du et al. (2007), 15 Li et al. (2002), 16 Ma et al. (1989), 17 838

Zhao et al. (2008), 18 Huang et al. (2008), 19 Roger and Calassou (1997), 20 Ling et al. 839

(2001), 21 Pei et al. (2009), 22 Zhao and Zhou (2008), 23 Xia et al. (2009), 24 Dong et al. 840

(2011), 25 Zhou et al. (2002a), 26 Zhao and Zhou (2009), 27 Dong et al. (2012), 28 Zhao et al. 841

(2010), 29 Zhang et al. (2000), 30 Zhao et al. (2006), 31 Zhang et al. (2004), 32 Yan et al. 842

(2004), 33 Wang et al. (2008c), 34 Ling et al. (2003), 35 Liu and Zhang. (2013), 36 Ma et al. 843

(1984), 37 Zhao et al. (2013), 38 Bao et al. (2008), 39 Zhang et al. (2006), 40 Chen et al. 844

(2013), 41 Xu et al. (2001), 42 Xu et al. (2006), 43 Liu et al. (2008b), 44 Chen et al. (2010), 845

45 Liu et al. (2004), 46 Chen et al. (2007), 47 Chen et al. (2003), 48 Hacker et al. (2006), 49 846

Hu et al. (2007), 50 Zheng et al. (2008), 51 Xue et al. (2010), 52 Li et al. (2010), 53 Wang et 847

al. (2012a), 54 Zhang et al. (2012c), 55 Li et al. (2008a), 56 Wang et al. (2008a), 57 Li et al. 848

(2008b), 58 Wu et al. (2010), 59 Wang et al. (2007b), 60 Zhang et al. (2012b), 61 Zhang et al. 849

(2013a), 62 Wang et al. (2008b), 63 Zhou et al. (2009), 64 Ge et al. (2001), 65 Yin et al. 850

(2013), 66 Wang et al. (2006), 67 Zeng et al. (2005), 68 Li (1999), 69 Wang et al. (2010), 70 851

Wang et al. (2013b), 71 Zhang et al. (2012a), 72 Ye et al. (2007), 73 Li et al. (2009b), 74 Shu 852

et al. (2011), 75 Qin et al. (2006), 76 Zhang et al. (1998).853

854

855
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Table 1 SIMS and LA-ICP-MS zircon U-Pb isotopic analyses of the representative amphibolites along the Ailaoshan zone

Element(ppm) Isotope ratio Age (Ma)
Spot 232Th 238U

Th/U 207Pb/206Pb ±1σ 207Pb/235U ±1σ 206Pb/238U ±1σ 207Pb/206Pb ±1σ 206Pb/238U ±1σ

10HH-31A amphibolite, Qingjiao, Jinping in western Yunnan (LA-ICPMS dating method)
10HH-31A-01 244 322 0.76 0.0655 0.002 1.1839 0.03 0.1311 0.003 790 48 794 15
10HH-31A-02 277 560 0.49 0.0647 0.002 0.9885 0.02 0.1108 0.002 765 57 677 14
10HH-31A-03 136 154 0.88 0.0759 0.004 1.3726 0.07 0.1311 0.005 1093 112 794 26
10HH-31A-04 252 369 0.68 0.0703 0.003 1.2151 0.04 0.1253 0.003 937 73 761 17
10HH-31A-05 238 326 0.73 0.0658 0.002 1.2238 0.03 0.1349 0.003 799 62 816 17
10HH-31A-06 536 504 1.07 0.0671 0.002 1.2264 0.03 0.1325 0.003 841 52 802 15
10HH-31A-07 268 332 0.81 0.0671 0.002 1.2660 0.04 0.1368 0.003 841 68 827 18
10HH-31A-08 558 1138 0.49 0.0660 0.001 1.2007 0.02 0.1320 0.002 805 39 799 14
10HH-31A-09 269 305 0.88 0.0668 0.002 1.2685 0.04 0.1377 0.003 832 68 832 18
10HH-31A-10 345 386 0.89 0.0649 0.002 1.1933 0.03 0.1334 0.003 770 52 807 15
10HH-31A-11 413 480 0.86 0.0644 0.002 1.1721 0.03 0.1321 0.003 753 56 800 16
10HH-31A-12 245 401 0.61 0.0686 0.002 1.2742 0.03 0.1348 0.003 885 51 815 15
10HH-31A-13 244 313 0.78 0.0686 0.003 1.2478 0.06 0.1320 0.004 885 101 800 22
10HH-31A-14 221 265 0.83 0.0683 0.003 1.2078 0.04 0.1282 0.003 879 75 778 17
10HH-31A-15 254 323 0.79 0.0710 0.003 1.2629 0.04 0.1291 0.003 957 74 783 18
10HH-31A-16 208 117 1.78 0.0706 0.004 1.2572 0.07 0.1293 0.004 944 121 784 25
10HH-31A-17 299 336 0.89 0.0630 0.003 1.2042 0.05 0.1388 0.004 708 89 838 20
10HH-31A-18 274 333 0.82 0.0679 0.002 1.2624 0.04 0.1350 0.003 865 65 816 17
10HH-31A-19 311 425 0.73 0.0655 0.002 1.1984 0.03 0.1328 0.003 791 54 804 15
10HH-31A-20 397 419 0.95 0.0700 0.002 1.2746 0.04 0.1321 0.003 929 61 800 16
10HH-31A-21 278 442 0.63 0.0667 0.002 1.2341 0.03 0.1343 0.003 829 56 812 16
10HH-31A-22 313 381 0.82 0.0665 0.002 1.2368 0.04 0.1351 0.003 821 66 817 17
10HH-31A-23 174 355 0.49 0.0689 0.002 1.2384 0.04 0.1304 0.003 897 66 790 17
10HH-31A-24 571 591 0.97 0.0661 0.001 1.1964 0.02 0.1314 0.002 810 46 796 14

10HH-67A  amphibolite, Yiwanshui, Yuanyang in western Yunnan (SIMS dating method)
10HH-67A-01 516 662 0.78 0.0633 1.02 0.9332 1.83 0.1069 1.52 719 22 655 9
10HH-67A-02 1332 1992 0.67 0.0471 2.98 0.1270 3.33 0.0196 1.50 54 69 125 2
10HH-67A-03 120 224 0.54 0.0668 1.41 1.0776 2.06 0.1170 1.50 832 29 713 10
10HH-67A-04 48 520 0.09 0.0691 1.81 1.2949 2.36 0.1359 1.50 902 37 821 12
10HH-67A-05 87 139 0.62 0.0519 2.29 0.3314 2.76 0.0463 1.53 281 52 292 4
10HH-67A-06 225 302 0.75 0.0493 5.39 0.0353 5.66 0.0052 1.75 162 121 33 1
10HH-67A-07 299 486 0.62 0.0566 2.48 0.6198 2.90 0.0794 1.50 476 54 493 7
10HH-67A-08 108 284 0.38 0.0649 0.87 1.2175 1.75 0.1360 1.52 772 18 822 12
10HH-67A-09 264 501 0.53 0.0666 0.74 1.2082 1.67 0.1316 1.50 825 15 797 11
10HH-67A-10 527 561 0.94 0.1273 0.42 5.7767 1.56 0.3292 1.51 2061 7 1834 24
10HH-67A-11 145 390 0.37 0.0658 0.74 1.2221 1.67 0.1347 1.50 800 15 815 11
10HH-67A-12 312 302 1.03 0.0637 0.97 1.0159 1.79 0.1157 1.50 732 20 706 10
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10HH-67A-13 173 196 0.88 0.0647 1.13 1.0889 1.88 0.1220 1.50 766 24 742 11
10HH-67A-14 325 835 0.39 0.0723 0.51 1.2108 1.59 0.1215 1.50 994 10 739 10
10HH-67A-15 469 1238 0.38 0.0676 0.53 1.1006 1.60 0.1180 1.50 857 11 719 10
10HH-67A-16 3400 12288 0.28 0.0466 0.82 0.0317 1.71 0.0049 1.50 31 20 32 0

10HH-67B  amphibolite, Yiwanshui, Yuanyang in western Yunnan (LA-ICPMS dating method)
10HH-67B-01 105 112 0.94 0.0672 0.002 1.1298 0.03 0.1219 0.003 856 58 741 18
10HH-67B-02 206 355 0.58 0.0781 0.002 1.7348 0.04 0.1610 0.004 1150 50 962 23
10HH-67B-03 71 156 0.45 0.0662 0.002 1.2276 0.03 0.1346 0.003 813 49 814 20
10HH-67B-04 542 901 0.60 0.0659 0.002 1.0001 0.03 0.1099 0.003 806 54 672 18
10HH-67B-05 229 191 1.20 0.0678 0.002 1.2577 0.03 0.1346 0.003 861 56 814 20
10HH-67B-06 88 293 0.30 0.0541 0.001 0.2888 0.01 0.0388 0.001 372 57 245 6
10HH-67B-07 55 566 0.10 0.0679 0.002 1.2599 0.03 0.1345 0.003 865 52 814 20
10HH-67B-08 144 178 0.81 0.0656 0.002 1.2153 0.03 0.1343 0.003 794 58 812 19
10HH-67B-09 149 485 0.31 0.0672 0.002 1.2513 0.03 0.1351 0.003 843 52 817 20
10HH-67B-10 380 416 0.91 0.1291 0.003 6.6491 0.17 0.3738 0.010 2087 44 2047 46
10HH-67B-11 211 891 0.24 0.0662 0.002 1.0456 0.03 0.1145 0.003 813 52 699 18
10HH-67B-12 108 323 0.33 0.0666 0.002 1.2377 0.03 0.1348 0.003 833 52 815 20
10HH-67B-13 426 634 0.67 0.0598 0.002 0.6995 0.03 0.0835 0.002 594 56 517 15
10HH-67B-14 79 117 0.67 0.0553 0.001 0.3733 0.01 0.0491 0.001 433 59 309 8
10HH-67B-15 72 152 0.47 0.0556 0.001 0.3795 0.01 0.0496 0.001 435 62 312 8
10HH-67B-16 323 393 0.82 0.0472 0.001 0.0354 0.00 0.0055 0.000 61 63 35 1
10HH-67B-17 57 155 0.36 0.0660 0.002 1.2220 0.03 0.1343 0.003 806 53 812 20
10HH-67B-18 294 1155 0.25 0.0734 0.002 1.3669 0.03 0.1351 0.003 1033 52 817 19
10HH-67B-19 332 539 0.62 0.1897 0.005 11.9528 0.30 0.4568 0.012 2740 41 2425 51
10HH-67B-20 416 593 0.70 0.0596 0.002 0.6629 0.02 0.0806 0.002 591 28 500 12
10HH-67B-21 84 182 0.46 0.0689 0.002 1.2766 0.03 0.1342 0.003 896 54 812 19
10HH-67B-22 199 708 0.28 0.0600 0.002 0.6005 0.02 0.0725 0.002 606 54 451 11
10HH-67B-23 83 179 0.46 0.0652 0.002 1.2045 0.03 0.1340 0.003 789 52 811 19
10HH-67B-24 108 372 0.29 0.0779 0.002 1.7808 0.05 0.1656 0.004 1146 50 988 23
10HH-67B-25 108 1013 0.11 0.0603 0.002 0.6357 0.02 0.0764 0.002 617 86 474 12
10HH-67B-26 230 1608 0.14 0.0640 0.002 0.8241 0.02 0.0933 0.002 743 54 575 14
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Table 2 Major element (in wt %) and trace element (in ppm) compositions of the Neoproterozoic amphibolites along the Ailaoshan suture zone

Group 1 Group 2
Sample

10HH-31A 10HH-31C 10HH-31D 10HH-31E 10HH-31F 10HH-67A 10HH-67B 10HH-67D 10HH-67F 10HH-69A 10HH-69C 10HH-69E

SiO2 51.45 49.34 47.61 47.08 50.92 48.55 48.63 49.03 48.87 47.29 46.81 46.85 

TiO2 0.37 0.46 0.71 0.76 0.56 1.84 1.67 1.71 1.84 2.22 2.21 2.20 

Al2O3 15.15 14.56 14.43 13.16 14.81 11.89 10.77 10.84 11.97 14.38 14.40 14.47 

Fe2O3
T 7.88 8.01 8.95 9.94 8.81 12.90 12.58 12.85 13.13 14.54 14.57 14.48 

MgO 8.82 11.02 11.45 12.07 9.21 10.09 11.30 11.57 9.97 6.83 7.03 6.98 

CaO 12.47 12.57 12.94 13.59 11.07 10.70 10.68 9.99 10.33 11.61 12.00 11.88 

K2O 0.75 0.83 0.81 0.59 0.81 0.23 0.16 0.16 0.25 0.62 0.53 0.46 

Na2O 2.42 2.37 2.21 2.18 2.88 2.03 1.51 1.46 2.01 1.17 1.15 1.20 

MnO 0.14 0.14 0.13 0.14 0.13 0.17 0.15 0.16 0.16 0.19 0.20 0.20 

P2O5 0.04 0.03 0.06 0.02 0.04 0.24 0.21 0.21 0.24 0.29 0.28 0.29 

L.O.I 0.43 0.61 0.58 0.41 0.58 1.21 2.16 1.87 1.11 0.70 0.66 0.85 

Total 99.93 99.94 99.88 99.94 99.82 99.86 99.83 99.85 99.89 99.85 99.85 99.85 

mg-number 72 76 75 74 71 65 68 68 64 52 53 53 

Sc 36.9 35.2 37.9 39.5 363.4 41.2 43.9 43.2 40.5 35.2 37.9 36.6 

V 147 160 136 173 141 311 301 300 304 326 354 337

Cr 220 220 501 649 301 438 561 556 417 103 108 104

Co 32.7 35.1 31.1 38.6 30.8 56.4 57.4 57.3 53.2 50.2 52.5 48.5 

Ni 9.7 15.4 18.7 21.5 11.9 119.3 127.0 130.4 116.7 100.3 105.3 99.9 

Ga 14.2 14.9 15.2 15.9 13.5 16.3 14.9 14.9 16.2 17.7 18.2 18.4

Rb 10.6 12.6 15.9 21.1 8.5 5.1 2.0 2.1 6.0 11.8 19.7 12.7

Sr 432 399 373 308 406 458 303 298 487 238 278 242

Y 19.2 19.7 19.8 19.9 19.0 21.6 20.3 19.4 22.5 23.0 24.8 23.6 

Zr 48.3 49.2 52.7 57.9 45.1 142.0 131.4 129.8 148.2 140.6 145.8 141.1 

Nb 4.07 3.26 4.32 5.22 3.19 16.19 14.37 14.28 16.00 16.61 17.64 18.43 

Cs 0.65 0.70 0.71 0.76 0.57 0.27 0.07 0.06 0.34 1.18 1.64 0.98 
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Ba 139.2 141.5 159.3 194.2 110.5 76.9 31.1 30.5 137.2 138.6 217.0 129.7

La 12.67 14.35 14.05 14.82 11.98 20.19 18.22 18.62 21.00 20.96 22.56 21.89 

Ce 28.23 28.34 28.94 28.49 25.22 46.27 41.36 41.75 47.04 49.28 50.77 48.84 

Pr 3.89 4.01 4.16 4.21 3.52 6.30 5.62 5.70 6.24 7.02 6.87 6.55 

Nd 16.75 18.46 19.28 20.19 14.21 27.17 24.12 24.56 27.72 26.89 28.72 27.38 

Sm 3.70 3.98 4.10 4.12 3.61 5.58 5.11 5.09 5.67 5.46 5.97 5.61 

Eu 0.87 0.80 0.78 0.72 0.83 1.76 1.64 1.58 1.79 1.81 1.91 1.79 

Gd 3.45 3.43 3.42 3.50 3.44 5.14 4.80 4.92 5.37 5.27 5.73 5.39 

Tb 0.60 0.52 0.59 0.60 0.56 0.84 0.78 0.77 0.87 0.86 0.92 0.88 

Dy 3.41 3.43 3.47 3.52 3.40 4.34 4.18 4.16 4.48 4.95 5.05 4.84 

Ho 0.69 0.70 0.71 0.71 0.69 0.86 0.83 0.81 0.89 1.11 1.01 0.98 

Er 1.80 1.79 1.80 1.82 1.78 2.15 2.06 2.04 2.18 2.57 2.55 2.48 

Tm 0.26 0.26 0.27 0.28 0.23 0.30 0.30 0.28 0.31 0.38 0.37 0.37 

Yb 1.76 1.76 1.77 1.80 1.73 1.94 1.81 1.82 2.00 2.30 2.32 2.29 

Lu 0.28 0.28 0.26 0.28 0.27 0.29 0.27 0.27 0.30 0.33 0.36 0.34 

Hf 1.27 1.51 1.70 1.80 1.39 3.88 3.57 3.50 3.95 3.87 3.91 3.65 

Ta 0.31 0.32 0.34 0.39 0.29 1.11 1.01 1.00 1.16 1.20 1.27 1.21 

Pb 9.83 9.93 11.00 11.59 8.45 5.15 3.71 4.37 5.16 13.37 13.46 13.23 

Th 1.26 1.38 1.50 1.63 1.14 2.36 2.12 2.03 2.46 2.90 3.06 2.93 

U 1.06 1.23 1.29 1.54 0.81 0.55 0.49 0.45 0.56 0.65 0.64 0.65 

∑REE 78.36 82.11 83.59 85.05 71.47 123.13 111.09 112.37 125.87 129.20 135.10 129.61 
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Table 3 Sr-Nd isotopic compositions of the amphibolites along the Ailaoshan suture zone

Sample  Sm Nd Rb Sr 147Sm/144Nd 143Nd/144Nd 2 σ  (143Nd/144Nd)i
87Rb/86Sr 87Sr/86Sr 2 σ  (87Sr/86Sr)i εNd

Group 1 
10HH-31A 3.70 16.75 10.64 432.40 0.1334 0.512129 13 0.511429 0.0712 0.707009 11 0.706196 -3.45 

10HH-31C 3.98 18.46 12.68 498.50 0.1304 0.512186 13 0.511502 0.0736 0.706758 13 0.705917 -2.04 

10HH-31D 4.10 19.28 15.92 532.70 0.1284 0.512109 11 0.511435 0.0865 0.705917 13 0.704929 -3.34 

10HH-31F 3.61 14.21 8.49 405.60 0.1537 0.512263 10 0.511457 0.0606 0.707319 12 0.706627 -2.91 

Group 2
10HH-67A 5.58 27.17 5.11 457.70 0.1242 0.512476 8 0.511814 0.0323 0.706913 13 0.706537 4.39 

10HH-67D 5.09 24.56 2.12 297.50 0.1253 0.512476 6 0.511808 0.0206 0.707234 13 0.706995 4.28 

10HH-69A        5.46 26.89 11.85 238.40 0.1228 0.512461 8 0.511806 0.1438 0.709238 12 0.707568 4.24 

10HH-69E 5.61 27.38 12.73 242.40 0.1238 0.512457 8 0.511795 0.1520 0.712167 12 0.710398 4.08
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Highlights 

► Amphibolites in the Ailaoshan tectonic zone give U-Pb age of 815~800 Ma. 

► They originated from a metasomatised source or slab-melt modified wedge. 

► The formation is related with an arc-back-arc setting. 

► The South China Craton located at the margin of Rodinia. 

 

 

*Highlights (for review)
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