
Data Repository of Zhang et al. 

Data Repository Appendix A: Description of the geochronological samples 

Sample D169-2 is a foliated quartz diorite collected from the central-western part of 

the Daguangding pluton (Fig. 1), which consists of plagioclase (70 vol.%), quartz (15 

vol.%), biotite (8 vol.%), hornblende (5 vol.%), K-feldspar (1 vol.%) and accessory 

magnetite, titanite, apatite and zircon and secondary (<1 vol.%) sericite and epidote. 

Zircons from this sample display typical features of magmatic zircons and are transparent, 

pink, long euhedral prisms with well-developed oscillatory zoning in CL images (Fig. 

DR2a), with grain size ranging from 100 to 200 µm. Some zircons have rounded relict 

cores. 

Sample HFH-1 was collected from a granite dyke intruded into the Archean gneiss two 

km south to the Hushiha pluton. It is comprised of plagioclase (45 vol.%), K-feldspar (25 

vol.%), quartz (21 vol.%) and biotite (5 vol.%), with accessory magnetite, apatite and 

zircon and secondary muscovite (3 vol.%, altered after biotite), sericite and chlorite. The 

zircons are pink, euhedral short or long prisms with well-developed oscillatory zoning in 

CL images and some of them have rounded relict cores (Fig. DR2b). Zircon grain size 

ranges from 60 to 250 µm. 

Sample HFG-2 is a mylonitic monzogranite collected from the central-southern part of 

the Guanglingshan pluton (Fig. 1). Its mineral assemblage comprises K-feldspar (42 

vol.%), plagioclase (35 vol.%), quartz (20 vol.%), biotite (2 vol.%), with accessory 

magnetite, apatite and zircon and secondary (<1 vol.%) chlorite and sericite. Zircons 

from the granite are euhedral long or short yellowish prisms with oscillatory zoning in 

CL images (Fig. DR2c). The grain sizes are from 100 µm to 200 µm. 
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Sample D315 is a weakly foliated granodiorite collected from the eastern part of the 

Jianping diorite pluton (Fig. 1). It is comprised of plagioclase (52 vol.%), quartz (20 

vol.%), biotite (11 vol.%), K-feldspar (10 vol.%) and hornblende (6 vol.%), with 

accessory magnetite, titanite, apatite and zircon and secondary sericite (<1 vol.%). The 

zircons are transparent, yellowish euhedral prisms with well-developed oscillatory zoning 

in CL images (Fig. DR2d). Zircon grain size ranges from 50 µm to 200 µm. 

Sample D315-1 was collected from a syenogranite dyke intruded into the Jianping 

diorite pluton. It consists of K-feldspar (50 vol.%), plagioclase (25 vol.%), quartz (22 

vol.%) and biotite (2 vol.%), with accessory magnetite, allanite, apatite and zircon and 

secondary (<1 vol.%) sericite and chlorite. The zircons are euhedral yellowish prisms 

with well-developed oscillatory zoning in CL images (Fig. DR2e). Zircon grain size 

ranges from 100 µm to 300 µm. 

Sample D315-3 is a monzogranite collected from the Jianping granite pluton (Fig. 1). 

It comprises K-feldspar (45 vol.%), plagioclase (28 vol.%), quartz (22 vol.%), biotite (4 

vol.%) and hornblende (<1 vol.%), with accessory magnetite, titanite, apatite and zircon 

and secondary (<1 vol.%) sericite and chlorite. The zircons are euhedral yellowish long 

or short prisms that are 100 µm to 250 µm long. Oscillatory zoning is well developed in 

CL images (Fig. DR2f). 
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Table DR2 Measured and recommended trace element data (ppm) for rock standards 

Elements GSR-1a Variation (%) GSR-1b Variation (%) GSR-1∗ 
Li 129.31 -1.29 - - 131±3 
Be 11.83 -4.60 - - 12.4±0.7 
Sc 5.97 -2.13 6.40 4.92 6.1±0.6 
Ti 1715.35 -0.27 - - 1720±30 
V 23.16 -3.50 - - 24±1 
Cr 4.68 30.00 3.97 10.28 3.6±1.1 
Co 3.28 -3.53 3.00 -11.76 3.4±1.0 
Cu 1.85 -42.19 3.34 4.37 3.2±1.3 
Zn 26.41 -5.68 27.42 -2.07 28±4 
Ga 18.43 -3.00 19.48 2.53 19±2 
Rb 452.08 -2.99 450.38 -3.35 466±26 
Sr 105.59 -0.39 111.02 4.74 106±9 
Y 62.01 0.02 64.09 3.37 62±7 
Zr 172.44 3.26 168.36 0.81 167±14 
Nb 39.73 -0.68 44.56 11.40 40±4 
Sn 12.55 0.40 12.34 -1.28 12.5±2.0 
Cs 38.84 1.15 37.28 -2.92 38.4±1.5 
Ba 333.02 -2.91 343.75 0.22 343±45 
La 54.15 0.28 57.31 6.13 54±5 
Ce 111.66 3.39 113.60 5.19 108±11 
Pr 12.62 -0.63 12.16 -4.25 12.7±0.8 
Nd 48.58 3.36 47.19 0.40 47±5 
Sm 9.54 -1.65 10.45 7.73 9.7±1.2 
Eu 0.83 -2.35 0.91 7.06 0.85±0.10 
Gd 9.58 3.01 9.23 -0.75 9.3±0.8 
Tb 1.65 0.00 1.60 -3.03 1.65±0.13 
Dy 10.62 4.12 9.46 -7.25 10.2±0.5 
Ho 2.03 -0.98 1.92 -6.34 2.05±0.22 
Er 6.33 -2.62 6.24 -4.00 6.5±0.4 
Tm 1.10 3.77 1.00 -5.66 1.06±0.11 
Yb 7.60 2.70 7.42 0.27 7.4±0.7 
Lu 1.16 0.87 1.15 0.00 1.15±0.12 
Hf 6.53 3.65 5.71 -9.37 6.3±0.8 
Ta 6.82 -5.28 6.94 -3.61 7.2±0.7 
Pb 31.27 0.87 29.38 -5.23 31±4 
Bi - - 0.62 16.98 0.53±0.09 
Th 54.84 1.56 55.11 2.06 54±4 
U 18.50 -1.60 17.98 -4.36 18.8±2.2 

a Measured at the State Key Laboratory of Mineral Deposits Research, Nanjing University. 
b Measured at the Institute of Geology and Geophysics, Chinese Academy of Sciences. 
∗ Recommended values of the Chinese standard GSR-1 are from Xie et al (1989). 
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Table DR6 Major and trace element compositions of the Late Permian-Middle Triassic granitoids 
Rock type syenogranite, monzogranite syenogranite, monzogranite, quartz monzonite 
Number D120-1 D126-1 D138-1 D148-1 HFG-G HFG-2 D315-1 D315-3 D386-1 D374 D319 D327 D351
Location GLS GLS GLS GLS GLS GLS JP JP JP JP JP JP JP 
Major element oxides (wt%)        

SiO2 76.15 77.46 75.23 72.63 74.81 73.36 72.21 71.68 76.32 72.20 72.33 75.70 64.82
TiO2 0.10 0.09 0.14 0.26 0.16 0.15 0.16 0.38 0.07 0.22 0.28 0.22 0.53
Al2O3 13.26 13.01 13.46 14.74 13.43 14.04 14.12 14.40 12.27 13.67 14.39 12.47 17.73

Fe2O3T 0.70 0.48 0.82 1.11 0.62 0.61 1.64 2.22 1.56 2.53 1.62 1.48 2.45
MnO 0.04 0.01 0.02 0.02 0.01 0.01 0.03 0.07 0.01 0.09 0.04 0.03 0.06
MgO 0.09 0.08 0.11 0.21 0.16 0.15 0.33 0.51 0.03 0.18 0.16 0.12 0.24
CaO 0.69 0.66 0.60 0.71 0.54 0.98 1.16 1.26 0.52 0.96 0.75 0.52 0.85
Na2O 4.17 4.04 3.77 3.76 3.28 3.77 2.78 4.32 3.16 4.04 4.36 2.93 4.61
K2O 4.44 4.24 4.86 6.16 5.53 5.51 6.54 4.74 5.51 5.17 5.28 5.76 8.18
P2O5 0.02 0.01 0.03 0.02 0.04 0.04 0.07 0.12 0.02 0.06 0.07 0.03 0.07
LOI 0.34 0.18 0.35 0.32 0.58 0.94 0.30 0.31 0.21 0.35 0.36 0.26 0.22
Total 100.00 100.26 99.39 99.94 99.16 99.56 99.34 100.01 99.68 99.47 99.64 99.52 99.76

A/CNK 1.03 1.05 1.07 1.04 1.09 1.01 1.03 0.99 1.01 0.98 1.01 1.04 0.99
A/NK 1.14 1.16 1.17 1.15 1.18 1.15 1.21 1.18 1.10 1.12 1.12 1.13 1.08

Na2O/K2O 0.94 0.95 0.78 0.61 0.59 0.68 0.43 0.91 0.57 0.78 0.83 0.51 0.56
Na2O/CaO 6.04 6.12 6.28 5.30 6.07 3.85 2.40 3.43 6.08 4.21 5.81 5.63 5.42
MgO/FeOT 0.14 0.19 0.15 0.21 0.29 0.27 0.22 0.26 0.02 0.08 0.11 0.09 0.11
MgO/MnO 2.25 8.00 5.50 10.50 16.00 15.00 11.00 7.29 3.00 2.00 4.00 4.00 4.00

Mg# 20.3 24.9 21.2 27.2 33.7 32.7 28.6 31.4 3.7 12.4 16.3 13.9 16.2
Trace elements (ppm)        

La 7.77 4.48 10.65 79.94 23.02 25.92 13.68 57.05 37.25 92.42 50.38 157.91 150.47
Ce 14.91 9.40 26.88 135.40 41.88 45.79 24.10 116.88 106.45 175.99 124.87 277.01 329.35
Pr 1.78 1.14 2.41 14.02 4.59 6.32 2.43 12.88 8.07 16.52 11.89 24.46 29.50
Nd 6.64 4.19 9.19 50.14 15.87 20.36 9.31 50.88 29.62 60.01 45.58 78.32 106.64
Sm 1.28 0.73 1.99 7.14 2.95 3.01 1.88 9.89 5.73 9.06 8.97 9.81 15.59
Eu 0.24 0.19 0.41 1.44 0.99 1.16 0.99 1.42 0.19 0.57 1.09 1.34 1.03
Gd 1.09 0.57 2.06 5.39 2.08 2.11 1.89 8.38 4.56 7.42 7.15 7.57 11.20
Tb 0.17 0.08 0.43 0.73 0.27 0.23 0.26 1.30 0.72 0.96 1.03 0.85 1.24
Dy 0.97 0.44 2.44 3.51 1.12 0.93 1.32 6.90 3.99 4.45 4.97 2.89 4.58
Ho 0.18 0.08 0.44 0.62 0.20 0.17 0.26 1.36 0.84 0.89 0.83 0.54 0.82
Er 0.55 0.25 1.08 1.70 0.52 0.47 0.84 3.83 2.63 2.67 2.23 1.70 2.60
Tm 0.08 0.04 0.14 0.23 0.08 0.07 0.12 0.53 0.43 0.37 0.30 0.23 0.36
Yb 0.58 0.30 0.79 1.52 0.51 0.42 0.96 3.25 3.15 2.60 1.92 1.58 2.69
Lu 0.08 0.05 0.10 0.23 0.07 0.06 0.17 0.45 0.45 0.42 0.28 0.24 0.47

∑REE 36.31 21.94 58.99 301.99 94.15 107.02 58.21 275.00 204.10 374.35 261.49 564.44 656.54
LaN/YbN 9.05 10.09 9.11 35.54 30.50 41.70 9.68 11.86 7.99 24.03 17.71 67.75 37.78
EuN/EuN

∗ 0.62 0.90 0.62 0.71 1.22 1.41 1.60 0.48 0.11 0.21 0.42 0.47 0.24
Li 17.48 13.81 3.60 4.72 21.26 34.99 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Be 3.02 1.95 1.86 0.58 0.89 0.90 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Sc 1.40 0.93 1.87 1.39 1.29 1.45 1.91 3.50 2.66 10.11 2.99 3.72 10.49
Co 0.26 0.09 0.61 0.62 1.17 1.20 1.62 1.93 0.74 1.07 1.19 0.39 0.31
Cu 0.94 1.63 1.56 2.57 2.02 2.09 2.95 2.16 3.97 2.91 2.70 2.38 2.84
Ga 16.41 15.88 16.23 12.33 21.34 22.99 17.41 17.52 20.23 19.45 17.84 14.32 18.74
Rb 185.51 118.59 147.66 69.66 76.87 77.45 147.45 100.80 122.32 82.54 99.80 81.08 69.06
Sr 43.70 33.70 155.40 230.20 212.45 263.14 269.12 187.70 33.90 80.46 113.31 73.09 10.58
Y 5.24 2.22 9.74 14.29 13.48 10.16 6.89 31.74 21.65 20.74 16.60 12.83 18.51
Zr 71.15 29.73 82.99 475.81 67.12 71.81 176.89 230.98 241.95 365.84 255.76 230.14 835.75
Nb 16.08 8.66 13.95 10.19 9.72 12.93 10.97 22.99 16.51 14.01 21.39 12.71 13.32
Ba 132.70 45.40 440.60 947.80 650.3 946.69 960.70 752.92 102.72 366.59 726.94 371.40 38.90
Hf 4.46 2.02 4.14 13.90 1.59 1.67 6.58 7.56 8.72 9.17 7.69 6.37 18.33
Ta 1.22 0.84 1.39 1.08 0.48 0.47 0.89 1.88 1.36 0.82 1.53 0.58 0.58
Pb 25.15 25.28 27.33 15.61 19.31 21.28 24.48 15.34 21.32 12.20 15.78 14.13 21.90
Th 10.82 7.63 16.19 8.89 3.59 3.69 10.45 17.98 20.36 11.37 10.41 15.71 17.51
U 1.09 1.78 2.27 1.75 0.82 0.90 1.10 1.50 1.65 1.12 0.73 1.52 1.35

Rb/Sr 4.245 3.519 0.950 0.303 0.362 0.294 0.548 0.537 3.608 1.026 0.881 1.109 6.526
Rb/Ba 1.398 2.612 0.335 0.073 0.118 0.082 0.153 0.134 1.191 0.225 0.137 0.218 1.775
Rb/Zr 2.607 3.989 1.779 0.146 1.145 1.079 0.834 0.436 0.506 0.226 0.390 0.352 0.083
Sr/Y 8.34 15.15 15.96 16.11 15.76 25.90 39.04 5.91 1.57 3.88 6.83 5.70 0.57
Note: GLS−Guanglingshan pluton; HJD−Hanjiadian pluton; JP−Jianping granite pluton; n.a., 

not analyzed. Others are same as Table DR5. 
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Figure DR1 Representative outcrop and photomicrographs of the Late Paleozoic-Early 

Mesozoic intrusions 

(a) Field photograph of quartz diorite in the western Longhua pluton near Shangyingzi vallage 

showing a NE trending steep foliation, view to NE; (b) Photomicrograph of the Longhua quartz 

diorite (Sample SD020-3), cross polarized light; (c) Field photograph of quartz diorite in the 
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western Daguangding pluton, showing an east-west trending foliation, view to southwest; (d) Field 

photograph of quartz diorite from the western Boluonuo pluton, showing a very weak foliation, 

view to northeast; (e) Field photograph of mylonitic monzogranite from the southern 

Guanglingshan intrusion, showing strong deformation of quartz, view to west; (f) 

Photomicrograph of the mylonitic monzogranite from the southern Guanglingshan intrusion 

(Sample D138-1), showing recrystalization and strong deformation of quartz grains, cross 

polarized light; (g) Field photograph of granodiorite from the Jianping diorite pluton showing a 

very weak foliation; (h) Field photograph of monzogranite from the Jianping granite intrusion. 

Red lines indicate strike of foliation. For scale of the field photographs, width of the hammer head 

is ~17 cm and the pencil is ~13 cm long. 

 

Figure DR2 Representative CL images of zircons, with sites of SHRIMP and LA-ICP-MS 

U-Pb and in-situ Lu-Hf analyses spots from the analyzed samples 

 20

DR2008141



(a) Sample D169-2 (Daguangding quartz diorite); (b) Sample HFH-1 (Hushiha granite dyke); (c) 

Sample HFG-2 (Guanglingshan monzogranite); (d) Sample D315 (Jianping diorite); (e) D315-1 

(Jianping syenogranite dyke); (f) Sample D315-3 (Jianping monzogranite). Small circles in (a), (b), 

(c) are SHRIMP U-Pb analysis spots, large dashed circles in (a) and (c) are in-situ Lu-Hf analysis 

spots, and small dashed circles in (d), (e), (f) are LA-ICP-MS U-Pb analysis spots. 

 

 

Figure DR2 (Continued) 
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Figure DR2 (Continued) 
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Figure DR3 Classification diagrams for the Late Permian-Middle Triassic granitic rocks 

(a) K2O+Na2O, (b) molecular (K2O+Na2O)/Al2O3, (c) Nb, (d) Zr vs. 10000 Ga/Al and (e) 

FeOT/MgO, (f) (K2O+Na2O)/CaO vs. (Zr+Nb+Ce+Y) classification diagrams (Whalen et al., 

1987), indicating that the Late Permian-Middle Triassic granites are transitional between the I-, S-, 

M- and A-types (a–d) or highly fractionated (e–f). A: A-type granite; I, S & M: I-, S-, M-type 

granite; FG: Fractionated felsic granite; OGT: unfractionated M-, I- and S-type granite. Symbols 

are same as Fig. 4. 
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Figure DR4 Adakite discrimination diagrams for the Carboniferous granitic intrusions 

et al  from 

same

(a) MgO vs. SiO2 diagram from Martin et al. (2005); (b) Sr vs. (CaO+Na2O) diagram from Martin 

. (2005); (c) (La/Yb)N vs. YbN diagram from Martin (1999), and the chondrite values are

Evensen et al. (1978); (d) Sr/Y vs. Y diagram from Drummond and Defant (1990). Symbols are 

 as Fig. 4. 
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