
Page 1 of 1 

Zou, F.H., Santosh, M., Deng, L.H., Wu, C.L., Gao, D., and Gao, Y.H., 2023, Moderate-high 
heat production granitoids associated with oceanic subduction system in the NE Tibetan Plateau: 
GSA Bulletin, https://doi.org/10.1130/B36698.1. 
 

Supplemental Material 
 
Supplemental Text. Analytical Methods.  

Figure S1. Terrestrial heat flow map and local ‘hot spots’ in the Chinese continent (Wang et al., 
2012a). 

Figure S2. Regional geological map and locations of collected samples. 

Figure S3. Representative field photographs in the studied area. 

Figure S4. Representative photomicrographs under cross-polarized light in the studied areas. 

Figure S5. Q-A-P modal classification after Streckeisen (1976). 

Figure S6. CL images of representative zircon grains for the Gonghe-Guide area. 

Figure S7. Zircon U-Pb concordia diagrams with weighted mean 206Pb/238U ages for the 
Gonghe-Guide granitoids. 

Figure S8. Zircon εHf(t) distribution and their corresponding histograms for the Gonghe-Guide 
granitoids. 

 



1 
 
 

1 
 

Zou, F.H., Santosh, M., Deng, L.H., Wu, C.L., Gao, D., and Gao, Y.H., 2023, Granitoids indicating 
moderate to high heat production associated with oceanic subduction system in the NE Tibetan 
Plateau: GSA Bulletin, https://doi.org/10.1130/B36698.1. 

 

Supplementary Material 

 

 

1. Analytical methods ................................................................................................................ 2 
2.1. Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) U-Pb 
analyses ............................................................................................................................. 2 
2.2. LA-MC-ICP-MS zircon Lu-Hf isotopic analyses ............................................................ 2 
2.3. Whole-rock major and trace element compositions .................................................. 3 

2. Supplementary Figures ......................................................................................................... 3 
Fig. S1 Terrestrial heat flow map and local ‘hot spots’ in the Chinese continent (Wang et 
al., 2012a) .......................................................................................................................... 3 
Fig. S2 Regional geological map and locations of collected samples. ............................... 4 
Fig. S3 Representative field photographs in the studied area........................................... 5 
Fig. S4 Representative photomicrographs under cross-polarized light in the studied 
areas. ................................................................................................................................. 6 
Fig. S5 Quartz–alkali feldspar–plagioclase (Q-A-P) modal classification after Streckeisen 
(1976). ............................................................................................................................... 7 
Fig. S6 Cathodoluminescence (CL) images of representative zircon grains for the 
Gonghe-Guide area. .......................................................................................................... 7 
Fig. S7 Zircon U-Pb concordia diagrams with weighted mean 206Pb/238U ages for the 
Gonghe-Guide granitoids. ................................................................................................. 8 
Fig. S8 Zircon εHf(t) distribution and their corresponding histograms for the 
Gonghe-Guide granitoids. ................................................................................................. 9 
Fig. S9. Histograms of (a) U-Pb zircon ages of the studied rocks from the Gonghe-Guide 
area, (b-d) Zircon U-Pb ages of the published granodiorites (N =21), monzogranites (N = 
10) and syenogranites (N = 6) in the Zongwulong-Qinghainanshan tectonic belt. 
Published ages of granitoids are presented in Table S9. ................................................. 10 
Fig. S10 Granite tectonic discrimination diagrams (after Pearce et al., 1984). ............... 11 

3. Radioactive heat production ............................................................................................... 12 
4. Supplementary Tables ......................................................................................................... 13 

Table S1 Parameters of hot dry rock boreholes in the Gonghe-Guide district (adapted 
from Zhang et al. (2020) and Zhang et al. (2018)). ......................................................... 13 
Table S2 Summary of sample locations in the Gonghe-Guide district ............................ 14 
Table S3 Zircon U-Pb data for samples in the Gonghe-Guide area. ................................ 16 
Table S4 Zircon Lu-Hf isotope compositions for samples in the Gonghe-Guide area. .... 21 



2 
 
 

2 
 

Table S5 Major and trace element compositions for samples in the Gonghe-Guide area.
......................................................................................................................................... 27 
Table S6 Relevant partition coefficients, assumed melt compositions. .......................... 34 
Table S7 Major and trace element modeling by Petrograph for rocks from the 

Gonghe-Guide area. ........................................................................................................ 34 
Table S8 Radioactive heat production A (Total) in μW/m3 and contributions from U, Th 

and K for the Gonghe-Guide district. .............................................................................. 35 
Table S9 Published ages of granitoids in the Zongwulong-Qinghainanshan tectonic belt.

......................................................................................................................................... 37 
5. References ........................................................................................................................... 58 

 
 
 
 

1. Analytical methods 

2.1. Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) U-Pb 

analyses 

After crushing of ca. 2 kg of each sample by a jaw crusher, zircon grains were extracted by 
standard magnetic and heavy-liquid separation techniques and then selected by hand-picking 
under a binocular microscope. The selected grains were mounted in epoxy and polished to 
expose the internal structures. Zircon internal structure was examined by using 
cathodoluminescence (CL) imaging on an EMPA-JXA-8100 scanning electronic micro-scope. The 
CL images were used to check the internal structure of the individual zircons and to select the 
suitable positions for the zircon isotope analysis. Zircon U-Pb dating on samples 20CL210-3, 
20CL202-3, 20CL204-3, 20CL105-3, 20CL208-3 and 20CL200-3 was carried out at the Institute of 
Geology, Chinese Academy of Geological Sciences, Beijing, China, using a COMPexPro 193 nm 
laser-ablation (LA) system coupled to an inductively coupled plasma-mass spectrometry 
(MC-ICP-MS) instrument. The diameter of the LA beam was 32 μm. Zircon standard 91500 was 
used as a standard reference to optimize the operating conditions. Zircon GJ-1 (599.8 ± 1.7 Ma) 
was used as an auxiliary standard to verify the accuracy of the data (Jackson et al., 2004). The 
ICPMSDataCal program (Liu et al., 2010) and ISOPLOT software (Ludwig, 2003) were used to 
process the analyzed data.  

2.2. LA-MC-ICP-MS zircon Lu-Hf isotopic analyses 

Zircon Lu-Hf isotopic analyses were carried out at the Institute of Geology, Chinese Academy of 
Geological Sciences. A COMPexPro 193 nm LA system coupled to a Neptune Plus MC-ICP-MS 
instrument was used for Lu-Hf isotopic analyses. During analyzing, the diameter of the LA beam 
was 44 μm. The denudation-material carrier gas was the Helium. The international zircon 
standard GJ-1 was used as a reference material. The measurement positions for each sample are 
the same as for U-Pb dating. The details of the analytical procedure are referred to Hou et al. 
(2007). The determined weighted mean 176Hf/177Hf ratio of zircon standard GJ-1 was 0.282007 ± 
0.000025 (2σ), within error of reported values (Elhlou et al., 2006). Zircon U-Pb ages and 
chondritic values (176Lu/177Hf = 0.0332, 176Hf/177Hf = 0.282772) (Blichert-Toft and Albarède, 1997) 
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were used to calculate εHf(t) values. Single-stage model ages (TDM) were calculated using a 
176Hf/177Hf value of 0.28325 for the depleted-mantle source and a decay constant of 1.867 × 10−11 
y−1 for 176Lu (Scherer et al., 2001). Two-stage mantle depleted model ages (TDMC) were calculated 
using a 176Lu/177Hf ratio of 0.015 for the average continental crust (Griffin et al., 2002).  

 

2.3. Whole-rock major and trace element compositions 

Each sample was crushed and powdered in an agate mill to the size of 200-mesh. Whole-rock 
chemical analyses were performed at the analytical laboratory of Hebei Institute of Regional 
Geological and Mineral Resource Survey, Langfang City, Hebei Province, China. A 3080E X-ray 
fluorescence (XRF) spectrometer was used to determine major-element contents. The analytical 
relative standard deviation of the data was <2%-8%, with detailed analytical procedures being 
described by Norrish and Hutton (1969). The REEs (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, and Lu) and some trace elements (Y, Cu, Pb, Hf, Ta, Sc, Cs, V, Co, and Ni) were determined by 
ICP-MS (PlasmaQuad Excell) using the protocols specified in Chinese standard JY/T016-1996. 
Other trace elements (Sr, Ba, Zn, Rb, Nb, Zr, and Ga) were obtained using a 2100 X-ray 
fluorescence spectrometer. The analytical precision for most elements was 10−8, except for Zr and 
Ba (10−6) and Hf and Nb (10−7). The detailed analytical procedures for trace elements were as 
described by Qin et al. (2000).  

 

2. Supplementary Figures 

 

 
Fig. S1 Terrestrial heat flow map and local ‘hot spots’ in the Chinese continent (Wang et 

al., 2012a) 

 
 
 



4 
 
 

4 
 

 

Fig. S2 Regional geological map and locations of collected samples.  

(A), (B), and (C) are Jiangxigou, Dangjiasi, and Gaonghongya realms, respectively. 
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Fig. S3 Representative field photographs in the studied area.  

(A) The phenocrysts in Jiangxigou monzogranite have the characteristic of directional distribution, 
showing the primary flow structure of magma (sample 20CL110-3); (B) Sharp intrusive contact 
between medium-grain granodiorite and dark-colored magmatic enclaves in Jiangxigou 
pluton(sample 21CL112-3); (C) Medium-grained granodiorite in Dangjiasi pluton (sample 
20CL131-3); (D) Massive, fine-grained felsic dikes in Dangjiasi pluton (sample 20CL132-3); (E) 
Panoramic image of the Reshuigou pluton, showing the rock, tectonic, strata, and hot spring 
(sample 20CL200-3); (F) Porphyritic granodiorite with feldspar phenocrysts in Reshuigou (sample 
20CL201-3); (G) Massive, fine-grained felsic dike cuts through porphyritic granodiorite in Xinjie 
pluton (sample 20CL202-6); (H) K-feldspar phenocryst within the medium-grained monzogranite 
in Gaohongya pluton (sample 20CL205-3); (I) Medium to fine-grained syenogranite (20CL204-3). 
Abbreviation: Kfs= K-feldspar; Pl=plagioclase. 
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Fig. S4 Representative photomicrographs under cross-polarized light in the studied areas.  

(A) Porphyritic monzogranite with K-felspar phenocrysts in Jiangxigou pluton (sample 20CL110-3); 
(B) Medium-grained granodiorite in Dangjiasi pluton (sample 20CL131-3); (C) Fine-grained felsic 
rock in Dangjiasi pluton (sample 20CL132-3); (D) Porphyritic granodiorite with plagioclase 
phenocrysts in Reshuigou (sample 20CL201-3); (E) Massive, felsic dike in Xinjie pluton (sample 
20CL202-6); (F) Porphyritic granodiorite with K-feldspar megacrysts set in Gaohongya pluton 
(sample 20CL206-3); (G) Medium-grained granodiorite in Gaohongya pluton (sample 20CL210-3); 
(H) Dioritic enclaves in Gaohongya pluton; (I) Medium to fine-grained syenogranite (20CL204-3). 
Abbreviation: Kfs=K-feldspar; Q=quartz; Bt=biotite; Pl=plagioclase; Hbl=hornblende; Perth 
=perthite. 
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Fig. S5 Quartz–alkali feldspar–plagioclase (Q-A-P) modal classification after Streckeisen 

(1976).  

 
 

 

Fig. S6 Cathodoluminescence (CL) images of representative zircon grains for the 

Gonghe-Guide area.  

The red solid circles show sites of in-situ LA–ICP–MS U-Pb dating spots; whilst the yellow dashed 
circles present the corresponding Lu-Hf isotopic measurements. 
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Fig. S7 Zircon U-Pb concordia diagrams with weighted mean 206Pb/238U ages for the 

Gonghe-Guide granitoids. 
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Fig. S8 Zircon εHf(t) distribution and their corresponding histograms for the Gonghe-Guide 

granitoids. 
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Fig. S9. Histograms of (A) U-Pb zircon ages of the studied rocks from the 

Gonghe-Guide area, (B-D) Zircon U-Pb ages of the published granodiorites (N 

=21), monzogranites (N = 10) and syenogranites (N = 6) in the 

Zongwulong-Qinghainanshan tectonic belt. Published ages of granitoids are 

presented in Table S9.  
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Fig. S10 Granite tectonic discrimination diagrams (after Pearce et al., 1984).  

VAG = volcanic arc granites, ORG=ocean ridge granites, WPG=within-plate granites, 
Syn-COLG=syn-collision granites, Post-COLD=Post-collision granites. Correlation data of published 
granitoids are presented in Table S7. 

 

 

 



12 
 
 

12 
 

3. Radioactive heat production 

Radioactive heat production for samples in the paper are calculated using the standard 
methodology (See Beardsmore and Cull (2001)). 

Some 98% of radiogenic heat production in crustal rocks is from radiogenic decay of isotopes of 
uranium (U), thorium (Th) and potassium (K). Heat production (A) for each of these elements is 
calculated by multiplying the abundance of each element by the heat generated by that element. 

Heat generation values for the elements in μW/kg are (Beardsmore and Cull, 2001):    

Uranium     96.7 
Thorium     26.3 
Potassium 0.0035 

Heat production in A in µW/m3 for each element is: 

A = abundance of element in ppm x 10-6 x density of rock in kg/m3 x heat generation for the 
element in μW/kg 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Example calculation: sample 20CL201-3 

This porphyritic granodiorite from Reshuiquan contains 2.34 ppm U, 16.35 ppm Th and 3.41 wt% K2O 
(2.83 wt% K). A density of 2660 for all granitoids has been used in the calculations in the paper. 

Heat productions in µW/m3 for each element are: 

A(U) = 2.34 x 10-6 x 2660 x 96.7 = 0.602 μW/kg 

A(Th) = 16.35 x 10-6 x 2660 x 26.3 = 0.874 μW/kg 

A(K) = 2.83 x 104 x 10-6 x 2660 x 0.0035 = 0.264 μW/kg 

Total heat production in sample 20CL201-3 is the sum of the heat production from the three 
elements. 
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4. Supplementary Tables 

 
Table S1 Parameters of hot dry rock boreholes in the Gonghe-Guide district (adapted from 

Zhang et al. (2020) and Zhang et al. (2018)). 

Borehole 

No. 
Longitude Latitude Year Depth(m) 

LBHT 

/(℃) 

BDTB 

/(m) 

BDTBH/(℃) 

and Depth (m) 

1# 100˚44’00” 36˚18’00” 1961 628.54 - 627.29 - 

QR1 100˚36’29” 36˚17’23” 1999 969.00 70.0 932.16 - 

DR1 100˚36’44” 36˚14’31” 2011 1453.58 87.6 1354.00 - 

DR2 100˚36’07” 36˚14’08” 2012 1852.38 98.6 1440.90 - 

DR3 100˚37’06” 36˚15’47” 2014 2927.26 181.2 1340.25 150.19/2104.31 

DR4 100˚36’15” 36˚18’01” 2015 3102.00 182.3 1402.00 151.23/2500.00 

DR5 100˚36’34” 36˚16’40” 2015 1501.60 86.7 1490.00 - 

GR1 100˚38’56” 36˚15’09” 2017 3705.00 236.0 1350.00 150.00/2500.00 

GR2 100˚41’25” 36˚14’03” 2017 3003.00 186.0 940.00 150.00/2300.00 

R2 - - 2010 1709.56 97.0 1490.55 - 

R3 - - 2012 2701.20 103.7 1400.00 - 

ZR1 - - 2014 3050.68 151.3 2.00 151.34/3050.68 

ZR2 - - 2018 4703.00 >205.0 600.00 150.00/3500.00 

Note: LBHT=Logged bottom-hole temperature; LD=Logging depth; BDTBG=Buried depth of top 
boundary of granite; BDTBH=Buried depth of top boundary of hot dry rock layer. 
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Table S2 Summary of sample locations in the Gonghe-Guide district 

Table 1 Summary of sample locations in the Gonghe-Guide district. 

Sample No.  Pluton Rock Texture Latitude (°N)  Longitude (°E)  
Elevation 

(m)  
Method 

20CL201-3 Reshuigou 
Porphyritic 

granodiorite 
Medium-grained 35˚56.522' 101˚19.056'  2517 Geochemistry 

20CL210-3 Gaohongya Granodiorite Medium-grained  35°45.077' 101°40.902'  3458 
Zircon U-Pb dating/Lu-Hf 

isotope/Geochemistry 

20CL110-3 Jiangxigou 
Porphyritic 

granodiorite 
Coarse-grained 36˚24.933' 100˚24.982' 3321 Geochemistry 

20CL202-3 Xinjie 
Porphyritic 

granodiorite 
Medium-grained  35°49.187' 101°18.915' 2514 

Zircon U-Pb dating/Lu-Hf 

isotope/Geochemistry 

20CL200-6 Reshuigou 
Porphyritic 

granodiorite 

Medium to 

fine-grained  
35˚57.971' 101˚18.319' 2513 Geochemistry 

20CL203-3 Xinjie Granodiorite 
Coarse to 

medium-grained 
35°48.902' 101°18.170' 3103 Geochemistry 

20CL206-3 Gaohongya 
Porphyritic 

granodiorite 

Coarse to 

medium-grained 
35°44.464' 101°31.046' 3405 Geochemistry 

20CL207-3 Gaohongya 
Porphyritic 

monzogranite 

Coarse to 

medium-grained 
35°42.180' 101°32.069' 3522 Geochemistry 

20CL205-3 Gaohongya 
Porphyritic 

monzogranite 

Coarse to 

medium-grained 
35°44.967' 101°31.832' 3383 Geochemistry 

21CL112-3 Jiangxigou Monzogranite Medium-grained  36˚23.583'  100˚35.126' 3240 Geochemistry 
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20CL105-3 Dangjiasi Monzogranite Medium-grained  36˚10.678' 100˚55.310' 3011 
Zircon U-Pb dating/Lu-Hf 

isotope/Geochemistry 

20CL131-3 Dangjiasi Monzogranite Medium-grained  36°17.071' 100°53.931' 3806 Geochemistry 

20CL204-6 Gaohongya 
Porphyritic 

syenogranite 

Medium to 

fine-grained  
35°37.142'  101°26.314'  3580 Geochemistry 

20CL204-3 Gaohongya Syenogranite 
Medium to 

fine-grained 
35°37.147' 101°26.310' 3578 Geochemistry 

20CL209-3 Gaohongya 
Porphyritic 

syenogranite 

Medium to 

fine-grained  
35°43.668'  101°36.259' 3401 Geochemistry 

20CL200-3 Reshuigou Felsic dike Fine-grained  35˚57.968' 101˚18.311' 2511 Geochemistry 

20CL202-6 Xinjie Felsic dike Fine-grained  35˚49.199' 101˚18.911' 2511 Geochemistry 

20CL132-3 Dangjiasi Felsic dike Fine-grained  36°17.217' 100°53.704' 3772 Geochemistry 

20CL207-6 Gaohongya Felsic dike Fine-grained  35°42.177' 101°32.073' 3527 
Zircon U-Pb dating/Lu-Hf 

isotope/Geochemistry 

21CL130-3 Dangjiasi Felsic dike Fine-grained  36˚10.664' 100˚51.969'  2664 Geochemistry 

20CL208-3 Gaohongya Felsic dike Fine-grained  35°44.436' 101°35.583' 3381 Geochemistry 

21CL129-3 Dangjiasi Felsic dike Fine-grained  36°08.866' 100°53.641' 2638 Geochemistry 
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Table S3 Zircon U-Pb data for samples in the Gonghe-Guide area.  

Sample 
Content（×10－6） Isotopic ratios Age（Ma) 

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

Point, medium-coarse grained granodiorite (averaged age 252.6 ± 2.4 Ma, N=30)                   

20CL210-3-01 57  91.9  216  0.4251  0.0539  0.0054  0.2988  0.0303  0.0402  0.0006  368.6  222.2  265.5  23.7  253.8  3.8  

20CL210-3-02 57  94.6  200  0.4734  0.0514  0.0055  0.2838  0.0299  0.0401  0.0007  257.5  240.7  253.6  23.7  253.2  4.3  

20CL210-3-03 56  156.6  306  0.5125  0.0518  0.0034  0.2789  0.0196  0.0391  0.0013  276.0  125.0  249.8  15.6  247.2  8.0  

20CL210-3-04 75  123.5  214  0.5775  0.0479  0.0051  0.2635  0.0280  0.0399  0.0009  100.1  250.0  237.5  22.5  252.4  5.7  

20CL210-3-05 115  188.0  639  0.2944  0.0517  0.0020  0.2792  0.0121  0.0391  0.0008  272.3  115.7  250.0  9.6  247.5  5.2  

20CL210-3-06 61.3  85.9  739  0.1162  0.0508  0.0018  0.2722  0.0110  0.0389  0.0009  231.6  97.2  244.4  8.8  245.8  5.5  

20CL210-3-07 216  352.4  908  0.3883  0.0516  0.0015  0.2923  0.0102  0.0411  0.0008  333.4  64.8  260.4  8.1  259.3  5.0  

20CL210-3-08 43.8  70.0  174  0.4031  0.0511  0.0056  0.2901  0.0322  0.0412  0.0009  255.6  250.0  258.6  25.4  260.1  5.3  

20CL210-3-09 51.9  80.1  199  0.4027  0.0519  0.0057  0.3040  0.0342  0.0425  0.0011  279.7  250.0  269.5  26.7  268.5  7.1  

20CL210-3-10 119  181.4  561  0.3232  0.0509  0.0024  0.2893  0.0144  0.0412  0.0008  235.3  111.1  258.0  11.4  260.4  5.1  

20CL210-3-11 85  134.2  416  0.3226  0.0515  0.0028  0.2907  0.0171  0.0410  0.0016  264.9  120.4  259.1  13.5  258.9  9.9  

20CL210-3-12 57  87.6  217  0.4040  0.0518  0.0049  0.2900  0.0285  0.0405  0.0007  279.7  213.0  258.6  22.4  256.2  4.4  

20CL210-3-13 83  133.4  245  0.5452  0.0551  0.0042  0.3034  0.0238  0.0399  0.0011  416.7  166.7  269.0  18.6  252.4  6.7  

20CL210-3-14 128  198.9  570  0.3488  0.0521  0.0022  0.2843  0.0175  0.0395  0.0012  300.1  -60.2  254.0  13.9  249.9  7.4  

20CL210-3-15 46.0  73.4  171  0.4291  0.0511  0.0069  0.2891  0.0391  0.0410  0.0008  255.6  291.6  257.8  30.8  259.2  4.8  

20CL210-3-16 102  171.8  314  0.5477  0.0490  0.0037  0.2701  0.0213  0.0400  0.0007  146.4  152.8  242.8  17.1  252.6  4.3  

20CL210-3-17 56.2  86.8  228  0.3813  0.0519  0.0065  0.2890  0.0369  0.0403  0.0007  283.4  263.9  257.8  29.1  254.9  4.6  

20CL210-3-18 58  95.4  217  0.4388  0.0524  0.0047  0.2856  0.0260  0.0395  0.0009  301.9  203.7  255.1  20.6  249.9  5.3  

20CL210-3-19 60  98.7  273  0.3615  0.0531  0.0047  0.2870  0.0287  0.0391  0.0011  344.5  203.7  256.2  22.7  247.2  7.1  

20CL210-3-20 72  117.4  325  0.3610  0.0496  0.0044  0.2762  0.0273  0.0404  0.0016  176.0  41.7  247.7  21.7  255.2  9.7  

20CL210-3-21 47.1  74.7  153  0.4866  0.0516  0.0070  0.2863  0.0384  0.0402  0.0007  333.4  305.5  255.6  30.3  254.3  4.3  
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20CL210-3-22 49.0  77.8  222  0.3509  0.0513  0.0049  0.2806  0.0282  0.0397  0.0012  253.8  222.2  251.1  22.4  250.9  7.7  

20CL210-3-23 69  106.1  286  0.3708  0.0523  0.0047  0.2825  0.0264  0.0391  0.0009  298.2  203.7  252.6  20.9  247.5  5.5  

20CL210-3-24 116  191.1  343  0.5565  0.0517  0.0035  0.2792  0.0198  0.0392  0.0009  333.4  157.4  250.0  15.8  247.7  5.4  

20CL210-3-25 50.5  80.0  228  0.3508  0.0536  0.0046  0.2874  0.0238  0.0389  0.0008  353.8  171.3  256.5  18.8  246.2  4.9  

20CL210-3-26 91  146.6  451  0.3247  0.0530  0.0029  0.2705  0.0159  0.0370  0.0011  327.8  129.6  243.1  12.8  234.3  6.6  

20CL210-3-27 58.7  83.6  356  0.2350  0.0529  0.0030  0.2960  0.0167  0.0406  0.0014  327.8  120.4  263.3  13.1  256.5  8.7  

20CL210-3-28 49.4  79.6  184  0.4314  0.0537  0.0064  0.2768  0.0326  0.0375  0.0010  366.7  268.5  248.1  26.0  237.2  6.5  

20CL210-3-29 52.1  84.6  192  0.4408  0.0534  0.0062  0.2881  0.0342  0.0391  0.0011  346.4  259.2  257.1  26.9  247.3  6.6  

20CL210-3-30 69  106.1  259  0.4099  0.0522  0.0037  0.2966  0.0225  0.0412  0.0009  294.5  166.7  263.7  17.7  260.0  5.5  

Point, porphyritic granodiorite (averaged age 248.1 ± 2.3 Ma, N=30)                     

20CL202-3-01 248  736.1  1306  0.5637  0.0521  0.0016  0.2796  0.0098  0.0389  0.0008  300.1  74.1  250.4  7.8  246.0  5.2  

20CL202-3-02 272  705.5  2489  0.2834  0.0520  0.0016  0.2814  0.0127  0.0392  0.0009  287.1  64.8  251.8  10.1  247.9  5.7  

20CL202-3-03 129  342.9  1000  0.3429  0.0508  0.0016  0.2826  0.0097  0.0404  0.0007  231.6  97.2  252.7  7.7  255.1  4.4  

20CL202-3-04 291  724.5  2242  0.3232  0.0521  0.0017  0.2865  0.0123  0.0398  0.0009  300.1  74.1  255.8  9.7  251.8  5.7  

20CL202-3-05 110  320.0  706  0.4532  0.0522  0.0019  0.2772  0.0128  0.0385  0.0009  300.1  83.3  248.5  10.2  243.7  5.8  

20CL202-3-06 181  505.4  1289  0.3922  0.0510  0.0015  0.2791  0.0110  0.0397  0.0011  239.0  50.9  250.0  8.7  251.1  6.6  

20CL202-3-07 188  514.3  1630  0.3156  0.0514  0.0016  0.2775  0.0116  0.0392  0.0010  257.5  74.1  248.7  9.3  247.6  6.3  

20CL202-3-08 309  874.3  1995  0.4383  0.0511  0.0015  0.2831  0.0116  0.0402  0.0011  242.7  74.1  253.1  9.2  254.2  7.1  

20CL202-3-09 208  625.6  2062  0.3033  0.0515  0.0018  0.2502  0.0121  0.0352  0.0010  264.9  74.1  226.7  9.9  223.0  6.4  

20CL202-3-10 276  749.5  2602  0.2880  0.0512  0.0017  0.2772  0.0129  0.0392  0.0013  250.1  245.4  248.4  10.3  248.0  7.8  

20CL202-3-11 396  1152.1  3697  0.3116  0.0512  0.0016  0.2599  0.0145  0.0368  0.0017  250.1  74.1  234.6  11.7  232.9  10.3  

20CL202-3-12 370  819.0  2612  0.3136  0.0571  0.0020  0.3253  0.0137  0.0414  0.0017  494.5  74.1  286.0  10.6  261.3  10.3  

20CL202-3-13 99  264.2  742  0.3559  0.0518  0.0022  0.2833  0.0144  0.0396  0.0012  276.0  101.9  253.3  11.4  250.6  7.3  

20CL202-3-14 183  547.5  979  0.5590  0.0514  0.0019  0.2772  0.0133  0.0391  0.0010  261.2  83.3  248.4  10.6  247.0  6.2  

20CL202-3-15 177  450.0  1637  0.2749  0.0527  0.0019  0.2864  0.0115  0.0394  0.0010  316.7  83.3  255.8  9.2  249.3  6.1  

20CL202-3-16 141  402.4  1112  0.3617  0.0515  0.0019  0.2788  0.0133  0.0393  0.0012  261.2  60.2  249.7  10.6  248.3  7.4  
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20CL202-3-17 267  753.4  2193  0.3436  0.0514  0.0019  0.2806  0.0122  0.0396  0.0010  257.5  83.3  251.2  9.7  250.3  6.1  

20CL202-3-18 146  427.1  1066  0.4005  0.0508  0.0022  0.2817  0.0144  0.0402  0.0014  231.6  101.8  252.0  11.5  254.1  8.6  

20CL202-3-19 237  638.4  2466  0.2589  0.0511  0.0022  0.2753  0.0139  0.0391  0.0012  242.7  78.7  246.9  11.1  247.1  7.2  

20CL202-3-20 144  390.2  1267  0.3080  0.0515  0.0025  0.2856  0.0159  0.0402  0.0010  264.9  120.4  255.1  12.6  254.0  6.2  

20CL202-3-21 180  519.4  1083  0.4795  0.0535  0.0030  0.2756  0.0133  0.0374  0.0010  350.1  129.6  247.2  10.6  236.7  6.4  

20CL202-3-22 136  382.3  1010  0.3785  0.0504  0.0022  0.2769  0.0137  0.0399  0.0010  213.0  101.8  248.2  10.9  251.9  5.9  

20CL202-3-23 245  741.7  1799  0.4123  0.0509  0.0019  0.2708  0.0119  0.0386  0.0009  235.3  92.6  243.3  9.5  244.1  5.9  

20CL202-3-24 186  541.5  1161  0.4663  0.0505  0.0019  0.2779  0.0130  0.0399  0.0011  216.7  92.6  249.0  10.4  252.2  7.1  

20CL202-3-25 133  386.4  1008  0.3834  0.0508  0.0019  0.2739  0.0127  0.0391  0.0011  231.6  106.5  245.8  10.2  247.3  7.0  

20CL202-3-26 78  234.0  443  0.5281  0.0510  0.0028  0.2782  0.0185  0.0395  0.0011  239.0  129.6  249.3  14.7  250.0  7.0  

20CL202-3-27 268  820.8  1576  0.5209  0.0498  0.0016  0.2670  0.0111  0.0389  0.0010  187.1  97.2  240.3  8.9  245.7  6.3  

20CL202-3-28 157  436.7  1283  0.3402  0.0496  0.0016  0.2717  0.0124  0.0397  0.0012  176.0  74.1  244.1  9.9  251.0  7.3  

20CL202-3-29 142  402.7  1102  0.3654  0.0496  0.0017  0.2711  0.0112  0.0396  0.0011  176.0  83.3  243.6  9.0  250.4  6.6  

20CL202-3-30 238  628.1  2241  0.2803  0.0495  0.0015  0.2688  0.0113  0.0393  0.0011  172.3  50.9  241.7  9.1  248.8  6.9  

Point, Medium-grained monzogranite (averaged age 239.7±2.4 Ma, N=28)                     

20CL105-3-01 143  481.7  906  0.5320  0.0533  0.0020  0.2860  0.0131  0.0389  0.0007  342.7  106.5  255.4  10.4  246.0  4.6  

20CL105-3-02 98  346.1  675  0.5131  0.0503  0.0021  0.2686  0.0135  0.0387  0.0009  209.3  92.6  241.6  10.9  244.8  5.4  

20CL105-3-03 109  395.3  776  0.5093  0.0505  0.0019  0.2659  0.0122  0.0382  0.0010  216.7  92.6  239.4  9.8  241.7  6.4  

20CL105-3-04 96  372.2  463  0.8031  0.0499  0.0026  0.2655  0.0170  0.0386  0.0014  190.8  120.3  239.1  13.6  244.0  8.7  

20CL105-3-05* 173  579.8  1036  0.5596  0.0578  0.0038  0.2830  0.0259  0.0354  0.0011  524.1  148.1  253.0  20.5  224.0  6.7  

20CL105-3-06 121  442.5  822  0.5381  0.0503  0.0020  0.2639  0.0129  0.0381  0.0011  209.3  106.5  237.8  10.4  240.8  6.9  

20CL105-3-07 65  244.2  352  0.6940  0.0514  0.0034  0.2739  0.0200  0.0386  0.0010  261.2  180.5  245.8  16.0  244.2  6.4  

20CL105-3-08 101  320.1  635  0.5043  0.0529  0.0026  0.2857  0.0168  0.0391  0.0009  324.1  111.1  255.1  13.3  247.4  5.3  

20CL105-3-09 90  316.5  717  0.4415  0.0534  0.0031  0.2585  0.0211  0.0350  0.0013  346.4  129.6  233.5  17.0  221.8  8.0  

20CL105-3-10 59.9  216.6  422  0.5138  0.0501  0.0031  0.2670  0.0179  0.0386  0.0009  211.2  138.9  240.3  14.4  244.3  5.8  

20CL105-3-11 105  382.0  645  0.5923  0.0502  0.0025  0.2667  0.0141  0.0385  0.0007  205.6  97.2  240.0  11.4  243.6  4.6  
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20CL105-3-12 125  420.5  834  0.5040  0.0544  0.0025  0.2867  0.0178  0.0382  0.0013  387.1  101.9  256.0  14.1  241.6  8.0  

20CL105-3-13 70  248.1  359  0.6920  0.0500  0.0032  0.2770  0.0200  0.0402  0.0010  194.5  171.3  248.3  15.9  253.8  6.2  

20CL105-3-14 137  507.7  923  0.5502  0.0511  0.0022  0.2687  0.0140  0.0381  0.0011  255.6  263.9  241.6  11.2  241.0  7.2  

20CL105-3-15 107  367.5  730  0.5035  0.0534  0.0032  0.2760  0.0195  0.0374  0.0007  346.4  138.9  247.5  15.6  236.7  4.7  

20CL105-3-16 158  593.9  1043  0.5692  0.0512  0.0023  0.2663  0.0140  0.0377  0.0009  250.1  263.9  239.7  11.2  238.6  5.4  

20CL105-3-17 60.7  221.5  516  0.4295  0.0512  0.0030  0.2632  0.0182  0.0373  0.0015  255.6  138.9  237.2  14.7  236.1  9.0  

20CL105-3-18 110  421.8  719  0.5863  0.0541  0.0029  0.2789  0.0178  0.0374  0.0013  376.0  111.1  249.8  14.1  236.5  8.4  

20CL105-3-19 141  583.3  567  1.0291  0.0516  0.0033  0.2671  0.0178  0.0375  0.0009  333.4  148.1  240.4  14.3  237.5  5.8  

20CL105-3-20 155  594.4  1077  0.5518  0.0511  0.0030  0.2632  0.0176  0.0374  0.0012  255.6  138.9  237.2  14.2  236.4  7.7  

20CL105-3-21 158  647.2  604  1.0708  0.0528  0.0038  0.2637  0.0220  0.0362  0.0012  320.4  157.4  237.6  17.7  229.3  7.7  

20CL105-3-22 171  671.8  1016  0.6615  0.0529  0.0030  0.2641  0.0166  0.0362  0.0009  324.1  129.6  238.0  13.3  229.3  5.8  

20CL105-3-23 266  1034.3  1599  0.6469  0.0511  0.0023  0.2656  0.0155  0.0377  0.0012  242.7  111.1  239.2  12.4  238.7  7.6  

20CL105-3-24 216  883.7  840  1.0519  0.0515  0.0024  0.2630  0.0150  0.0370  0.0011  264.9  101.8  237.1  12.1  234.4  6.8  

20CL105-3-25 272  1125.0  996  1.1300  0.0506  0.0022  0.2612  0.0135  0.0374  0.0011  233.4  78.7  235.6  10.9  236.8  6.8  

20CL105-3-26 136  501.8  952  0.5271  0.0513  0.0021  0.2566  0.0141  0.0363  0.0011  253.8  92.6  231.9  11.4  229.7  7.1  

20CL105-3-27 225  868.1  968  0.8968  0.0546  0.0022  0.2764  0.0118  0.0367  0.0009  394.5  92.6  247.8  9.4  232.6  5.5  

20CL105-3-28* 132  386.0  598  0.6459  0.0654  0.0149  0.3417  0.0976  0.0371  0.0019  787.0  481.5  298.5  73.9  235.1  11.8  

20CL105-3-29 71  254.0  432  0.5874  0.0488  0.0028  0.2585  0.0166  0.0384  0.0013  139.0  138.9  233.5  13.4  243.1  7.9  

20CL105-3-30 55.1  212.3  214  0.9925  0.0516  0.0047  0.2719  0.0285  0.0382  0.0015  333.4  189.8  244.2  22.8  241.5  9.6  

Point, Felsic dike (averaged age 229.6±4.6 Ma, N=11)                         

20CL207-6-01* 607  589.0  2707.2  0.2176  0.0974  0.0027  0.4747  0.0201  0.0353  0.0012  1575.9  54.8  394.4  13.9  223.8  7.5  

20CL207-6-02* 1027  825.7  3412.3  0.2420  0.1157  0.0041  0.5714  0.0191  0.0358  0.0008  1891.1  59.4  458.9  12.4  226.9  5.0  

20CL207-6-03 479  1140.3  3840.2  0.2969  0.0528  0.0013  0.2594  0.0111  0.0356  0.0012  320.4  55.6  234.2  9.0  225.4  7.8  

20CL207-6-04 85  225.9  454.8  0.4968  0.0527  0.0034  0.2660  0.0232  0.0366  0.0020  322.3  138.9  239.5  18.6  231.7  12.7  

20CL207-6-05* 544  608.9  3169.8  0.1921  0.0850  0.0149  0.4059  0.0965  0.0337  0.0022  1316.7  340.3  345.9  69.7  213.6  14.0  

20CL207-6-06** 1240  2462.4  4696.0  0.5244  0.0815  0.0040  0.3603  0.0145  0.0321  0.0011  1235.2  98.0  312.5  10.9  203.8  6.8  



20 
 
 

20 
 

20CL207-6-07* 538  758.6  2441.5  0.3107  0.0867  0.0045  0.4289  0.0450  0.0357  0.0020  1353.7  -65.6  362.4  32.0  225.9  12.7  

20CL207-6-08 46.7  124.9  119.1  1.0489  0.0523  0.0072  0.2577  0.0403  0.0355  0.0011  298.2  314.8  232.8  32.5  225.0  7.0  

20CL207-6-09 166  349.3  1956.5  0.1786  0.0512  0.0017  0.2636  0.0112  0.0373  0.0011  250.1  74.1  237.6  9.1  236.1  6.6  

20CL207-6-10 317  672.2  3427.2  0.1962  0.0531  0.0020  0.2652  0.0162  0.0362  0.0014  331.5  69.4  238.9  13.0  229.1  9.0  

20CL207-6-11* 927  1876.5  3518.0  0.5334  0.0733  0.0031  0.3556  0.0148  0.0352  0.0011  1033.3  87.2  308.9  11.1  222.9  7.1  

20CL207-6-12* 893  1558.9  2499.4  0.6237  0.0942  0.0034  0.4662  0.0202  0.0359  0.0009  1522.2  67.1  388.5  14.0  227.3  5.5  

20CL207-6-13** 909  959.0  5503.9  0.1742  0.0789  0.0039  0.3841  0.0117  0.0354  0.0013  1172.2  101.8  330.0  8.7  224.2  8.0  

20CL207-6-14** 1314  1269.7  4047.9  0.3137  0.1175  0.0085  0.5859  0.0460  0.0362  0.0012  1918.2  129.7  468.3  29.5  229.0  7.5  

20CL207-6-15 86  207.4  683.3  0.3035  0.0529  0.0021  0.2610  0.0175  0.0358  0.0020  324.1  92.6  235.5  14.1  226.6  12.6  

20CL207-6-16** 1105  1328.2  7640.4  0.1738  0.0784  0.0070  0.3443  0.0406  0.0317  0.0013  1166.7  175.9  300.5  30.7  201.0  8.1  

20CL207-6-17* 1168  779.5  2229.5  0.3496  0.1507  0.0238  1.0272  0.2986  0.0473  0.0056  2354.0  271.6  717.5  149.6  298.2  34.7  

20CL207-6-18 322  670.1  3716.5  0.1803  0.0538  0.0031  0.2661  0.0253  0.0357  0.0014  364.9  115.7  239.6  20.3  226.1  8.8  

20CL207-6-19 129  333.6  545.7  0.6113  0.0505  0.0025  0.2561  0.0148  0.0368  0.0012  216.7  111.1  231.5  12.0  232.9  7.2  

20CL207-6-20 253  540.1  2157.8  0.2503  0.0547  0.0020  0.2723  0.0115  0.0362  0.0015  466.7  83.3  244.5  9.2  229.0  9.3  

20CL207-6-21* 187  512.1  593.4  0.8629  0.0573  0.0050  0.2685  0.0314  0.0339  0.0014  501.9  185.2  241.5  25.1  214.6  8.5  

20CL207-6-22* 2590  893.4  3100.1  0.2882  0.2308  0.0140  1.4257  0.0952  0.0448  0.0012  3057.7  97.2  899.8  40.0  282.6  7.5  

20CL207-6-23* 1331  2156.6  3994.3  0.5399  0.0926  0.0058  0.4888  0.0312  0.0383  0.0013  1480.6  120.4  404.1  21.3  242.5  8.1  

20CL207-6-24* 4227  988.3  3227.6  0.3062  0.2668  0.1006  2.5716  1.8192  0.0558  0.0159  3287.3  592.6  1292.6  517.2  350.1  97.1  

20CL207-6-25** 905  1269.6  5415.4  0.2344  0.0745  0.0036  0.3620  0.0095  0.0354  0.0019  1055.3  101.8  313.7  7.1  224.4  11.9  

20CL207-6-26** 1145  2434.0  5494.8  0.4430  0.0636  0.0045  0.3067  0.0148  0.0351  0.0010  727.8  171.3  271.6  11.6  222.6  6.1  

20CL207-6-27* 377  481.3  2251.2  0.2138  0.0765  0.0029  0.3672  0.0164  0.0348  0.0011  1109.3  74.1  317.6  12.2  220.6  7.1  

20CL207-6-28 393  930.0  3115.1  0.2986  0.0518  0.0012  0.2585  0.0064  0.0362  0.0007  276.0  -115.7  233.4  5.2  229.1  4.6  

20CL207-6-29** 1590  4390.3  4137.9  1.0610  0.0535  0.0011  0.2655  0.0124  0.0360  0.0017  350.1  46.3  239.1  10.0  227.9  10.5  

20CL207-6-30 165  333.8  2172.6  0.1536  0.0506  0.0011  0.2599  0.0155  0.0372  0.0021  233.4  55.5  234.6  12.5  235.7  13.0  

Analytical results for zircon U-Pb age of standard samples 

91500std 37.9  25.8  67  0.3863  0.0751  0.0041  1.8569  0.1078  0.1792  0.0023  1072.2  111.1  1065.9  38.5  1062.7  13.1  
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91500std 46.9  30.4  71  0.4295  0.0742  0.0053  1.8316  0.1460  0.1791  0.0023  1047.2  144.3  1056.8  52.5  1062.1  12.7  

GJ-1 21.2  7.4  277  0.0268  0.0597  0.0025  0.8023  0.0396  0.0976  0.0017  590.8  92.6  598.1  22.4  600.1  10.3  

GJ-1 24.4  10.1  313  0.0324  0.0586  0.0024  0.7868  0.0332  0.0974  0.0017  550.0  92.6  589.3  19.0  599.4  10.1  

* = interpreted to have suffered Pb loss, ** = high U but interpreted to have suffered Pb loss. Points with high U contents of > 4000 ppm are considered to be unreliable and are not included in the 

age calculation. 

 

 

 

Table S4 Zircon Lu-Hf isotope compositions for samples in the Gonghe-Guide area. 

Sample No. 
Age 

(Ma) 
176Yb/177Hf(corr) 2σ 176Lu/177Hf(corr) 2σ 176Hf/177Hf(corr) 2σ εHf(t) 

eHf 

(T) 

error 

TDM TDMC fLu/Hf 

Medium-grained granodiorite (N=30) 

20CL210-3-01 253  0.021560  0.000147  0.000582  0.000006  0.282563  0.000021  -1.94  0.73  964  1403  -0.98  

20CL210-3-02 253  0.014727  0.000070  0.000443  0.000002  0.282582  0.000020  -1.23  0.69  934  1358  -0.99  

20CL210-3-03 253  0.015595  0.000133  0.000419  0.000002  0.282583  0.000021  -1.20  0.75  933  1356  -0.99  

20CL210-3-04 253  0.022693  0.000645  0.000594  0.000013  0.282597  0.000022  -0.73  0.79  917  1326  -0.98  

20CL210-3-05 253  0.016802  0.000317  0.000480  0.000004  0.282605  0.000017  -0.43  0.61  903  1307  -0.99  

20CL210-3-06 253  0.020401  0.000500  0.000591  0.000011  0.282629  0.000020  0.40  0.71  873  1254  -0.98  

20CL210-3-07 253  0.016108  0.000265  0.000472  0.000004  0.282574  0.000018  -1.52  0.63  946  1377  -0.99  

20CL210-3-08 253  0.016696  0.000132  0.000489  0.000003  0.282581  0.000018  -1.27  0.64  936  1360  -0.99  

20CL210-3-09 253  0.015720  0.000267  0.000458  0.000002  0.282556  0.000019  -2.14  0.66  970  1416  -0.99  
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20CL210-3-10 253  0.017521  0.000185  0.000520  0.000001  0.282576  0.000016  -1.46  0.57  945  1373  -0.98  

20CL210-3-11 253  0.012694  0.000194  0.000376  0.000003  0.282572  0.000017  -1.59  0.60  947  1381  -0.99  

20CL210-3-12 253  0.015479  0.000180  0.000458  0.000001  0.282584  0.000016  -1.18  0.55  932  1355  -0.99  

20CL210-3-13 253  0.018933  0.000413  0.000530  0.000007  0.282601  0.000018  -0.59  0.65  911  1317  -0.98  

20CL210-3-14 253  0.016269  0.000115  0.000507  0.000004  0.282588  0.000014  -1.05  0.49  928  1346  -0.98  

20CL210-3-15 253  0.014218  0.000032  0.000432  0.000003  0.282558  0.000019  -2.07  0.68  967  1412  -0.99  

20CL210-3-16 253  0.019432  0.000156  0.000575  0.000007  0.282555  0.000018  -2.20  0.63  975  1420  -0.98  

20CL210-3-17 253  0.014444  0.000212  0.000433  0.000003  0.282585  0.000015  -1.12  0.52  930  1351  -0.99  

20CL210-3-18 253  0.017066  0.000250  0.000504  0.000003  0.282596  0.000018  -0.74  0.63  916  1327  -0.98  

20CL210-3-19 253  0.014181  0.000072  0.000427  0.000001  0.282539  0.000016  -2.75  0.57  993  1454  -0.99  

20CL210-3-20 253  0.028706  0.000336  0.000804  0.000003  0.282611  0.000018  -0.26  0.63  902  1296  -0.98  

20CL210-3-21 253  0.014883  0.000211  0.000436  0.000004  0.282635  0.000018  0.65  0.65  860  1238  -0.99  

20CL210-3-22 253  0.015690  0.000063  0.000479  0.000001  0.282575  0.000016  -1.49  0.57  945  1375  -0.99  

20CL210-3-23 253  0.018513  0.000361  0.000579  0.000007  0.282569  0.000016  -1.70  0.57  955  1388  -0.98  

20CL210-3-24 253  0.028129  0.000570  0.000813  0.000011  0.282612  0.000019  -0.24  0.69  902  1295  -0.98  

20CL210-3-25 253  0.013751  0.000092  0.000412  0.000002  0.282570  0.000017  -1.66  0.60  951  1386  -0.99  

20CL210-3-26 253  0.017389  0.000088  0.000516  0.000002  0.282578  0.000014  -1.40  0.49  942  1369  -0.98  

20CL210-3-27 253  0.013407  0.000200  0.000409  0.000005  0.282595  0.000015  -0.78  0.54  916  1329  -0.99  

20CL210-3-28 253  0.015977  0.000324  0.000468  0.000006  0.282606  0.000019  -0.39  0.69  902  1304  -0.99  

20CL210-3-29 253  0.017113  0.000298  0.000502  0.000004  0.282565  0.000017  -1.84  0.62  959  1397  -0.98  

20CL210-3-30 253  0.015886  0.000097  0.000481  0.000001  0.282574  0.000016  -1.53  0.55  947  1377  -0.99  

Porphyritic granodiorite (N=28) 

20CL202-3-02 248  0.035502  0.000612  0.001165  0.000019  0.282564  0.000017  -2.11  0.61  978  1410  -0.96  

20CL202-3-03 248  0.022855  0.000640  0.000750  0.000017  0.282538  0.000018  -2.96  0.64  1004  1464  -0.98  

20CL202-3-04 248  0.032820  0.000427  0.001085  0.000013  0.282535  0.000016  -3.10  0.57  1016  1473  -0.97  
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20CL202-3-05 248  0.024119  0.000084  0.000740  0.000005  0.282584  0.000017  -1.34  0.61  940  1361  -0.98  

20CL202-3-06 248  0.028330  0.000390  0.000948  0.000015  0.282554  0.000018  -2.43  0.63  987  1431  -0.97  

20CL202-3-07 248  0.029107  0.000644  0.000987  0.000017  0.282511  0.000018  -3.95  0.64  1048  1527  -0.97  

20CL202-3-08 248  0.038754  0.000351  0.001268  0.000008  0.282557  0.000020  -2.37  0.72  991  1427  -0.96  

20CL202-3-09 248  0.034508  0.000416  0.001091  0.000009  0.282504  0.000018  -4.21  0.64  1060  1543  -0.97  

20CL202-3-10 248  0.027051  0.000068  0.000949  0.000003  0.282525  0.000018  -3.44  0.62  1027  1495  -0.97  

20CL202-3-11 248  0.037555  0.000661  0.001229  0.000017  0.282541  0.000017  -2.93  0.60  1012  1462  -0.96  

20CL202-3-12 248  0.029430  0.000838  0.000974  0.000021  0.282512  0.000017  -3.90  0.60  1046  1524  -0.97  

20CL202-3-13 248  0.039639  0.002107  0.001300  0.000072  0.282601  0.000020  -0.80  0.72  928  1327  -0.96  

20CL202-3-14 248  0.033144  0.000167  0.001088  0.000010  0.282531  0.000018  -3.26  0.64  1022  1483  -0.97  

20CL202-3-15 248  0.022506  0.000269  0.000748  0.000005  0.282536  0.000016  -3.02  0.55  1006  1468  -0.98  

20CL202-3-16 248  0.024985  0.000201  0.000858  0.000002  0.282577  0.000015  -1.57  0.54  951  1376  -0.97  

20CL202-3-17 248  0.028725  0.000467  0.000992  0.000008  0.282518  0.000015  -3.69  0.51  1037  1510  -0.97  

20CL202-3-18 248  0.029468  0.000349  0.000949  0.000009  0.282524  0.000018  -3.47  0.63  1028  1496  -0.97  

20CL202-3-19 248  0.025740  0.000144  0.000887  0.000001  0.282533  0.000016  -3.16  0.58  1015  1477  -0.97  

20CL202-3-20 248  0.028745  0.001297  0.000940  0.000029  0.282527  0.000015  -3.36  0.54  1023  1489  -0.97  

20CL202-3-21 248  0.030500  0.000132  0.000939  0.000002  0.282521  0.000015  -3.57  0.53  1032  1503  -0.97  

20CL202-3-22 248  0.020671  0.000292  0.000703  0.000007  0.282506  0.000016  -4.07  0.56  1047  1534  -0.98  

20CL202-3-23 248  0.032518  0.001011  0.001061  0.000034  0.282541  0.000016  -2.90  0.55  1008  1460  -0.97  

20CL202-3-24 248  0.030573  0.000831  0.000997  0.000023  0.282529  0.000016  -3.30  0.57  1022  1486  -0.97  

20CL202-3-25 248  0.019901  0.000202  0.000663  0.000004  0.282516  0.000016  -3.71  0.56  1032  1512  -0.98  

20CL202-3-26 248  0.021882  0.000101  0.000696  0.000005  0.282535  0.000017  -3.06  0.60  1007  1471  -0.98  

20CL202-3-27 248  0.032342  0.000269  0.001103  0.000010  0.282493  0.000018  -4.59  0.64  1076  1568  -0.97  

20CL202-3-28 248  0.026180  0.000150  0.000902  0.000006  0.282524  0.000016  -3.47  0.56  1027  1496  -0.97  

20CL202-3-29 248  0.019193  0.000146  0.000677  0.000004  0.282502  0.000016  -4.20  0.57  1051  1543  -0.98  
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Medium-grained monzogranite(N=30) 

20CL105-3-01 240  0.025876  0.000249  0.000724  0.000003  0.282590  0.000018  -1.27  0.62  930  1351  -0.98  

20CL105-3-02 240  0.029865  0.000127  0.000869  0.000006  0.282588  0.000017  -1.36  0.59  936  1357  -0.97  

20CL105-3-03 240  0.029604  0.000470  0.000834  0.000009  0.282546  0.000017  -2.84  0.59  994  1450  -0.97  

20CL105-3-04 240  0.027341  0.000310  0.000797  0.000006  0.282587  0.000017  -1.39  0.61  936  1358  -0.98  

20CL105-3-05* 240  0.028365  0.000217  0.000805  0.000002  0.282576  0.000014  -1.77  0.50  951  1383  -0.98  

20CL105-3-06 240  0.029208  0.000154  0.000841  0.000001  0.282562  0.000016  -2.30  0.57  973  1416  -0.97  

20CL105-3-07 240  0.033903  0.000519  0.000996  0.000014  0.282552  0.000018  -2.67  0.65  991  1440  -0.97  

20CL105-3-08 240  0.029452  0.000208  0.000860  0.000010  0.282539  0.000015  -3.11  0.53  1005  1467  -0.97  

20CL105-3-09 240  0.027829  0.000201  0.000822  0.000002  0.282611  0.000017  -0.56  0.61  903  1305  -0.98  

20CL105-3-10 240  0.024286  0.000325  0.000714  0.000011  0.282563  0.000016  -2.22  0.55  967  1411  -0.98  

20CL105-3-11 240  0.026150  0.000482  0.000768  0.000009  0.282536  0.000015  -3.19  0.55  1007  1473  -0.98  

20CL105-3-12 240  0.050900  0.002294  0.001461  0.000072  0.282564  0.000019  -2.33  0.67  986  1418  -0.96  

20CL105-3-13 240  0.054973  0.001417  0.001543  0.000026  0.282514  0.000020  -4.08  0.69  1058  1529  -0.95  

20CL105-3-14 240  0.031971  0.001245  0.000897  0.000029  0.282539  0.000016  -3.11  0.55  1006  1467  -0.97  

20CL105-3-15 240  0.025382  0.000836  0.000729  0.000019  0.282563  0.000015  -2.25  0.52  969  1413  -0.98  

20CL105-3-16 240  0.035715  0.000795  0.000997  0.000013  0.282554  0.000015  -2.60  0.53  988  1435  -0.97  

20CL105-3-17 240  0.013573  0.000402  0.000398  0.000009  0.282607  0.000017  -0.61  0.60  898  1309  -0.99  

20CL105-3-18 240  0.042312  0.000651  0.001192  0.000025  0.282628  0.000017  -0.01  0.61  888  1270  -0.96  

20CL105-3-19 240  0.035081  0.000691  0.001004  0.000014  0.282558  0.000018  -2.46  0.63  982  1426  -0.97  

20CL105-3-20 240  0.040627  0.000580  0.001149  0.000007  0.282599  0.000014  -1.04  0.50  928  1336  -0.97  

20CL105-3-21 240  0.064747  0.000535  0.001796  0.000021  0.282532  0.000018  -3.50  0.64  1040  1492  -0.95  

20CL105-3-22 240  0.036869  0.000364  0.001063  0.000007  0.282526  0.000017  -3.60  0.62  1029  1499  -0.97  

20CL105-3-23 240  0.043398  0.000324  0.001232  0.000016  0.282575  0.000015  -1.88  0.53  964  1389  -0.96  

20CL105-3-24 240  0.051547  0.000827  0.001435  0.000020  0.282551  0.000019  -2.78  0.69  1004  1446  -0.96  
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20CL105-3-25 240  0.048789  0.001043  0.001380  0.000021  0.282549  0.000019  -2.84  0.66  1005  1450  -0.96  

20CL105-3-26 240  0.033657  0.000373  0.000960  0.000014  0.282562  0.000016  -2.30  0.57  975  1416  -0.97  

20CL105-3-27 240  0.037830  0.000208  0.001069  0.000007  0.282599  0.000018  -1.00  0.62  926  1334  -0.97  

20CL105-3-28* 240  0.051435  0.001109  0.001438  0.000035  0.282639  0.000018  0.34  0.64  878  1248  -0.96  

20CL105-3-29 240  0.040835  0.000493  0.001178  0.000004  0.282547  0.000020  -2.86  0.71  1002  1451  -0.96  

20CL105-3-30 240  0.031537  0.000723  0.000912  0.000023  0.282630  0.000018  0.11  0.64  879  1263  -0.97  

Fine-grained felsic dike (N=28) 

20CL207-6-01 230  0.018357  0.000257  0.000584  0.000005  0.282525  0.000015  -3.76  0.53  1016  1501  -0.98  

20CL207-6-02 230  0.026934  0.000549  0.000810  0.000012  0.282515  0.000016  -4.17  0.58  1038  1527  -0.98  

20CL207-6-03 230  0.030049  0.000433  0.000898  0.000006  0.282529  0.000018  -3.67  0.64  1020  1496  -0.97  

20CL207-6-04 230  0.018179  0.000541  0.000508  0.000011  0.282562  0.000017  -2.45  0.62  964  1418  -0.98  

20CL207-6-05 230  0.030248  0.000360  0.000829  0.000003  0.282561  0.000018  -2.52  0.65  973  1423  -0.98  

20CL207-6-06 230  0.036451  0.001455  0.001006  0.000032  0.282438  0.000016  -6.90  0.56  1150  1700  -0.97  

20CL207-6-07 230  0.033522  0.000642  0.001003  0.000013  0.282514  0.000022  -4.24  0.79  1044  1532  -0.97  

20CL207-6-09 230  0.042729  0.002948  0.001394  0.000103  0.282578  0.000022  -2.01  0.78  964  1390  -0.96  

20CL207-6-10 230  0.018607  0.000269  0.000551  0.000005  0.282556  0.000018  -2.69  0.65  974  1433  -0.98  

20CL207-6-11 230  0.059226  0.000459  0.001588  0.000022  0.282527  0.000021  -3.87  0.74  1042  1508  -0.95  

20CL207-6-12 230  0.042001  0.001207  0.001206  0.000036  0.282588  0.000018  -1.63  0.65  945  1366  -0.96  

20CL207-6-13 230  0.040078  0.000580  0.001159  0.000016  0.282524  0.000015  -3.90  0.53  1034  1510  -0.97  

20CL207-6-14 230  0.046720  0.001474  0.001408  0.000038  0.282466  0.000019  -6.00  0.67  1124  1643  -0.96  

20CL207-6-16 230  0.038566  0.001365  0.001101  0.000025  0.282506  0.000015  -4.51  0.53  1057  1549  -0.97  

20CL207-6-17 230  0.027490  0.000495  0.000789  0.000010  0.282551  0.000017  -2.90  0.60  987  1446  -0.98  

20CL207-6-18 230  0.028956  0.000686  0.000854  0.000018  0.282577  0.000018  -1.97  0.64  951  1388  -0.97  

20CL207-6-19 230  0.022408  0.000462  0.000575  0.000005  0.282557  0.000017  -2.62  0.60  972  1429  -0.98  

20CL207-6-20 230  0.023629  0.000562  0.000755  0.000011  0.282546  0.000018  -3.04  0.63  992  1456  -0.98  
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20CL207-6-21 230  0.042943  0.001857  0.001254  0.000052  0.282571  0.000017  -2.23  0.61  970  1404  -0.96  

20CL207-6-22 230  0.047347  0.002213  0.001394  0.000061  0.282545  0.000019  -3.20  0.67  1011  1465  -0.96  

20CL207-6-23 230  0.032995  0.000639  0.001046  0.000013  0.282546  0.000015  -3.09  0.52  1000  1459  -0.97  

20CL207-6-24 230  0.047411  0.000969  0.001406  0.000026  0.282560  0.000020  -2.64  0.69  989  1430  -0.96  

20CL207-6-25 230  0.033654  0.001304  0.001024  0.000030  0.282513  0.000018  -4.25  0.65  1045  1532  -0.97  

20CL207-6-26 230  0.044866  0.000709  0.001416  0.000016  0.282542  0.000015  -3.29  0.53  1015  1471  -0.96  

20CL207-6-27 230  0.023191  0.000065  0.000782  0.000002  0.282528  0.000015  -3.70  0.52  1018  1497  -0.98  

20CL207-6-28 230  0.028842  0.000238  0.000904  0.000004  0.282545  0.000015  -3.10  0.54  997  1459  -0.97  

20CL207-6-29 230  0.045397  0.001577  0.001257  0.000035  0.282518  0.000016  -4.12  0.56  1045  1524  -0.96  

20CL207-6-30 230  0.034004  0.001776  0.001027  0.000045  0.282400  0.000015  -8.25  0.55  1204  1786  -0.97  

Analytical results for zircon Lu-Hf isotope compositions of standard samples 

GJ-1-1 600  0.010000  0.000081  0.000245  0.000000  0.282009  0.000025  -13.88  0.89  1714  2417  -0.99  

GJ-1-2 600  0.009097  0.000031  0.000241  0.000001  0.282011  0.000028  -13.80  1.00  1712  2413  -0.99  

 

Note: εHf(0) = {[176Hf/177Hf)S]/[(176Hf/177Hf)CHUR(0)]-1}×10,000, εHf(t) = {[176Hf/177Hf)S-(176Lu/177Hf)S×(eλt-1)]/[(176Hf/177Hf)CHUR(0)-(176Lu/177Hf)CHUR×(eλt-1)]-1}×10,000, fLu/Hf 
= (176Lu/177Hf)S/(176Hf/177Hf)CHUR-1, TDM = 1/λ×ln{[(176Hf/177Hf)S-(176Lu/177Hf)DM]/[(176Lu/177Hf)S-(176Lu/177Hf)DM]+1}, TDM2 =TDM-(TDM-t)×[(fCC-fS)/(fCC-fDM)], where 
(176Hf/177Hf)S and (176Lu/177Hf)S are the measured values of samples; fLu/Hf = (176Lu/177Hf)S/(176Lu/177Hf)CHUR-1. (176Lu/177Hf)CHUR = 0.0332 and 176Lu/177Hf)CHUR(0)= 
0.282772 (Blichert-Toft and Albarède, 1997), (176Lu/177Hf)DM = 0.0384 and (176Hf/177Hf)DM = 0.28325 (Griffin et al., 2000); (176Lu/177Hf)c = 0.015, λ = 1.867×10-11 year-1 
(Scherer et al., 2001) were used in the calculation. 
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Table S5 Major and trace element compositions for samples in the Gonghe-Guide area. 

Sample No. 
20CL201-

3 

20CL210-

3 

20CL110-

3 

20CL202-

3 

20CL200-

6 

20CL203-

3 

20CL206-

3 
20CL207-3 20CL205-3 21CL112-3 20CL105-3 20CL131-3 

Rock Granodiorite Monzogranite 

SiO2 60.56  63.87  66.49  66.57  67.59  67.71  67.93  70.29  70.73  71.38  71.54  71.97  

TiO2 0.79  0.56  0.30  0.41  0.46  0.41  0.33  0.30  0.35  0.31  0.30  0.37  

Al2O3 17.43  15.62  15.20  15.46  15.43  15.51  15.54  15.07  13.85  14.52  13.92  14.18  

TFe2O3 5.26  4.74  3.01  3.61  3.16  3.54  2.93  2.63  3.12  2.17  2.43  2.67  

MnO 0.080  0.078  0.078  0.078  0.057  0.056  0.053  0.051  0.051  0.037  0.043  0.043  

MgO 2.84  3.17  1.05  1.49  1.65  1.42  1.17  1.08  1.12  0.82  0.64  0.77  

CaO 4.40  4.49  3.82  3.15  2.34  3.13  2.56  3.02  2.56  1.62  1.79  2.85  

Na2O 3.77  2.80  3.38  2.96  3.23  3.10  3.13  3.47  3.08  2.90  3.52  3.16  

K2O 3.41  3.31  3.86  3.99  4.70  3.66  5.04  3.35  3.46  4.86  4.86  3.06  

P2O5 0.269  0.094  0.103  0.108  0.169  0.101  0.087  0.077  0.086  0.072  0.058  0.067  

LOI 0.88  1.13  2.58  2.04  0.92  1.22  1.11  0.56  1.49  1.20  0.76  0.78  

TOT 99.69  99.87  99.87  99.88  99.72  99.88  99.88  99.91  99.90  99.88  99.88  99.92  

Li  271.0  85.0  36.6  55.9  221.1  68.6  77.8  131.0  85.5  44.1  43.9  60.6  

Be 4.70  4.42  2.91  4.15  13.59  3.44  3.72  5.15  3.83  3.97  1.77  2.94  

Sc 14.4  16.53  9.43  12.13  8.46  9.97  9.63  7.54  7.97  4.21  12.1  7.88  

V  88.0  89.6  36.2  44.2  49.2  39.9  32.9  28.9  34.3  24.8  13.8  23.6  

Co 13.3  16.85  5.27  8.80  7.43  7.86  5.97  6.09  5.39  1.68  3.51  5.58  

Ni 26.9  29.20  2.81  8.68  15.33  6.28  5.53  6.96  5.37  2.08  2.77  3.59  

Cu  11.18  7.87  3.85  3.81  10.78  6.22  3.64  5.35  3.07  8.60  4.80  4.11  

Zn 103.9  62.9  45.9  55.5  61.2  53.0  49.3  42.5  47.4  33.3  35.8  38.3  

Ga 24.9  19.7  17.0  20.9  24.9  20.0  20.6  19.6  20.5  17.4  17.8  19.5  
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Rb 95.7  163  126  148.1  265  139  206.0  163  196  204  186  144  

Sr 548  206  308  245  435  244  230  217  234  137  177  183  

Y 14.6  29.9  15.7  24.2  13.64  18.0  20.8  20.4  22.5  21.40  28.7  21.3  

Nb  14.9  13.3  8.91  11.4  16.1  10.3  10.4  9.3  11.2  12.8  11.9  11.9  

Cr  81.3  73.5  9.62  24.95  37.77  20.61  16.0  20.9  15.01  5.66  13.8  15.0  

Cs  26.1  24.25  10.8  10.66  137.97  17.0  15.12  16.27  18.67  25.1  10.6  15.2  

Ba 1267  378  615  441  1635  415  465  226  323  432  622  329  

La 52.4  25.3  27.9  22.4  44.9  29.7  28.8  37.1  36.8  28.99  37.4  59.8  

Ce 90.9  55.8  48.8  57.9  78.2  63.8  59.3  76.1  73.6  68.53  84.7  130  

Pr 9.54  6.50  4.90  5.36  7.82  6.20  6.28  7.62  7.46  5.90  8.43  12.9  

Nd 36.2  27.3  17.2  22.1  28.7  24.0  24.3  28.0  28.8  20.99  31.0  46.7  

Sm 5.61  5.65  3.15  4.75  4.52  4.45  4.72  4.84  5.23  3.66  5.85  6.82  

Eu 1.76  0.99  0.91  0.99  1.56  1.03  0.95  0.77  0.86  0.63  0.94  0.84  

Gd 4.78  4.83  2.86  4.04  3.97  3.87  3.99  4.20  4.45  3.55  5.32  5.80  

Tb 0.63  0.86  0.47  0.72  0.53  0.61  0.66  0.64  0.69  0.60  0.92  0.76  

Dy 3.05  5.29  2.55  4.50  2.65  3.53  3.84  3.63  3.91  3.20  5.11  3.87  

Ho 0.53  1.01  0.50  0.84  0.45  0.67  0.73  0.70  0.74  0.64  1.01  0.73  

Er 1.40  2.86  1.61  2.44  1.25  1.90  2.09  2.09  2.10  1.87  2.96  2.18  

Tm 0.21  0.45  0.25  0.41  0.20  0.31  0.35  0.36  0.35  0.31  0.46  0.35  

Yb 1.28  2.98  1.75  2.78  1.16  2.06  2.38  2.40  2.32  2.02  3.06  2.31  

Lu 0.19  0.43  0.28  0.41  0.179  0.30  0.36  0.36  0.35  0.31  0.47  0.36  

Hf  7.32  6.17  3.68  5.33  6.13  4.90  4.58  4.31  4.97  5.98  5.72  6.46  

Ta 0.89  1.23  0.94  1.35  4.57  1.07  1.36  1.44  1.39  1.48  0.92  1.34  

Pb  18.9  23.1  23.0  34.8  31.7  29.6  33.6  32.4  31.8  25.6  28.1  23.3  

Th 12.5  17.8  14.1  16.5  16.35  21.5  17.4  29.5  25.7  21.9  17.7  51.0  

U 2.34  1.42  0.85  1.34  1.65  1.08  1.70  1.78  2.74  2.10  1.37  3.07  
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Zr  288  206  133  163  226  156  144  131  157  174  169  197  

ASI(A/CNK

) 
0.97  0.96  0.91  1.04  1.05  1.05  1.02  1.02  1.03  1.12  0.97  1.04  

Mg # 52  57  41  45  51  44  44  45  42  43  34  36  

DI 64  63  76  74  79  75  80  78  80  85  87  79  

TZr(℃)-1 807  783  747  779  810  778  767  762  781  799  781  803  

TZr(℃)-2 751  726  685  728  764  727  714  709  733  758  730  759  

TZr(℃)-3 909  831  870  876  935  881  869  881  897  885  867  885  

 

Table S5 (continued) 

Sample No. 20CL204-6 20CL204-3 20CL209-3 20CL200-3 20CL202-6 20CL132-3 20CL207-6 21CL130-3 20CL208-3 21CL129-3 

Rock Syenogranite Felsic dike 

SiO2 73.19  74.27  74.31  75.17  75.92  76.61  76.72  77.19  77.28  77.36  

TiO2 0.20  0.13  0.22  0.10  0.05  0.03  0.04  0.04  0.07  0.03  

Al2O3 14.03  13.74  13.33  13.78  12.94  12.43  12.47  12.37  12.47  12.39  

TFe2O3 1.42  1.16  1.39  1.00  0.58  0.54  0.83  0.59  0.62  0.72  

MnO 0.039  0.040  0.031  0.025  0.008  0.027  0.011  0.012  0.014  0.010  

MgO 0.33  0.24  0.45  0.31  0.13  0.12  0.10  0.12  0.11  0.13  

CaO 1.05  0.71  1.00  0.69  0.69  0.55  0.58  0.74  0.66  0.31  

Na2O 3.16  3.48  2.93  3.66  2.66  2.30  2.87  2.82  3.01  3.04  

K2O 5.68  5.15  5.50  4.36  6.47  6.95  6.07  5.72  5.39  5.32  

P2O5 0.068  0.055  0.059  0.100  0.004  0.009  0.011  0.005  0.007  0.005  

LOI 0.74  0.96  0.70  0.74  0.49  0.36  0.26  0.34  0.33  0.64  

TOT 99.91  99.94  99.92  99.94  99.96  99.94  99.96  99.95  99.97  99.96  
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Li  237.2  293.1  163.2  214.8  8  14.8  24.6  20.8  148.1  23.4  

Be 9.61  10.95  8.97  6.51  3.73  1.02  4.30  2.06  11.64  2.89  

Sc 6.04  6.05  6.20  5.61  7.40  3.37  5.52  1.99  4.09  1.80  

V  8.6  5.1  11.9  5.6  4.4  1.78  0.9  4.51  4.9  4.34  

Co 1.41  0.89  1.69  0.84  0.54  0.53  0.57  0.56  0.49  0.96  

Ni 1.85  0.88  1.61  1.44  0.43  0.43  0.52  0.61  0.57  0.71  

Cu  3.69  3.93  4.30  6.85  13.11  3.86  4.11  20.3  3.57  6.59  

Zn 58.0  40.7  22.9  36.7  10.3  9.89  21.2  10.2  8.5  17.7  

Ga 24.5  23.8  22.1  23.9  18.4  10.6  21.1  12.1  17.4  16.5  

Rb 444  469  430  357.4  257  201  305  184  456  241  

Sr 128  71  120  79  49  103  27  50.7  51  38.0  

Y 21.6  23.3  22.6  14.14  13.5  4.20  16.3  26.45  12.6  29.18  

Nb  29.4  34.8  32.7  17.2  10.9  0.95  13.4  7.74  41.1  10.6  

Cr  5.82  4.00  8.2  4.79  3.50  3.41  4.7  3.49  4.0  3.19  

Cs  39.7  76.39  45.85  41.24  6.7  8.16  19.41  13.5  32.68  14.0  

Ba 315  194  284  207  72  315  31  106  40  67  

La 40.4  35.3  63.7  11.4  21.5  4.67  15.6  32.17  14.8  22.03  

Ce 79.3  69.3  125.1  25.2  54.6  8.44  34.9  65.97  30.5  50.23  

Pr 8.25  7.65  12.96  2.56  5.44  0.81  4.24  7.61  3.00  5.89  

Nd 30.1  28.5  46.9  9.9  21.7  2.94  18.4  27.83  10.9  23.05  

Sm 5.18  5.77  7.78  2.42  4.34  0.55  4.62  5.12  2.24  4.96  

Eu 0.55  0.39  0.60  0.37  0.24  0.60  0.13  0.24  0.24  0.14  

Gd 4.30  4.80  6.18  2.15  3.28  0.53  3.54  4.89  1.91  4.68  

Tb 0.67  0.78  0.82  0.46  0.51  0.10  0.62  0.87  0.36  0.91  

Dy 3.83  4.43  4.27  2.83  2.83  0.69  3.66  4.99  2.22  5.33  

Ho 0.70  0.79  0.75  0.50  0.53  0.15  0.67  1.01  0.43  1.11  
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Er 1.97  2.15  2.18  1.34  1.49  0.51  1.87  2.98  1.32  3.42  

Tm 0.33  0.35  0.36  0.23  0.25  0.12  0.31  0.48  0.26  0.59  

Yb 2.19  2.27  2.41  1.43  1.60  0.75  2.06  3.08  1.97  3.92  

Lu 0.31  0.33  0.37  0.194  0.24  0.12  0.31  0.48  0.32  0.60  

Hf  5.12  4.32  5.34  2.63  4.98  3.43  5.37  32.2  3.43  22.0  

Ta 4.68  6.04  4.96  2.57  1.08  0.29  0.96  66.0  8.27  50.2  

Pb  57.6  56.1  62.8  47.4  45.2  35.0  50.1  38.2  63.5  35.5  

Th 32.14  32.9  50.5  7.58  24.2  11.2  37.3  23.3  38.5  29.4  

U 20.02  20.50  3.03  3.46  3.03  1.49  3.71  2.04  6.44  3.23  

Zr  154  117  159  65  125  85.7  118  79.9  78  130  

ASI(A/CNK) 1.06  1.09  1.06  1.15  1.02  1.01  1.01  1.01  1.04  1.09  

Mg # 32  29  39  38  31  31  19  29  26  27  

DI 91  93  91  93  95  96  96  95  95  96  

TZr(℃)-1 785  766  789  724  767  736  762  732  733  779  

TZr(℃)-2 739  719  745  672  719  683  713  678  680  736  

TZr(℃)-3 897  889  896  954  698  763  779  737  757  733  

Note: Assuming Fe2+= 0.9FeT. DI=Differentiation index; TZr(℃)-1=Watson and Harrison (1983); TZr(℃)-2=Boehnke et al. (2013); TZr(℃)-3=Harrison and Watson (1984). 

 

Analytical results for major and trace elements of standard samples 

wt.% GBW07103 (granite) Recommendation 95%confidence limits GBW07104 (granite) Recommendation 95%confidence limits 

SiO2 73.15 72.83 0.1 60.67 60.62 0.14 

TiO2 0.29 0.287 0.012 0.52 0.52 0.015 

Al2O3 13.4 13.4 0.07 16.19 16.17 0.12 

TFe2O3 2.17 2.14 0.06 4.94 4.9 0.06 
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FeO 1.01 1.02 0.04 2.34 2.39 0.07 

MnO 0.066 0.063 0.0023 0.082 0.078 0.0023 

MgO 0.43 0.42 0.04 1.77 1.72 0.06 

CaO 1.58 1.55 0.05 5.22 5.2 0.07 

Na2O 3.03 3.13 0.06 3.82 3.86 0.07 

K2O 5.00  5.01 0.07 1.84 1.89 0.05 

P2O5 0.096 0.093 0.00458 0.241 0.236 0.0055 

LOI 0.7 0.7 / 4.44 4.44 0.12 

TOTAL 99.912 99.623  99.733 99.634  

Li 129.83 131 5 20.9 18.3 0.9 

Be 12.49 12.4 1.4 1.11 0.92732 0.2 

Sc 6.44 6.1 0.4 9.65 9.5 1.1 

V 24.15 24 2 98.82 94 6 

Cr 3.52 3.6 0.9 32.32 32 5 

Co 3 3.4 0.7 14.07 13.2 1.5 

Ni 2.32 2.3 0.8 18.28 17 2 

Cu 3.04 3.2 0.9 54.47 55 4 

Zn 27.58 28 3 73.82 71 7 

Ga 19.25 19 2 19.65 18.1 2.1 

Rb 461.94 466 17 41.27 38 5 

Sr 102.4 106 6 847.12 790 54 

Y 64.34 62 5 11.4 9.3 1.8 

Zr 157.11 167 9 109.02 99 16 

Nb 41.34 40 3 6.67 6.8 2.2 

Mo 3.56 3.5 0.2 0.5 0.54  0.014 

Cd 0.025 0.029 0.009 0.06 0.061 0.021 



33 
 
 

33 
 

In 0.018 0.02 0.001 0.037 0.037 0.01 

Cs 36.99 38.4 1.2 2.23 2.3 0.7 

Ba 320.97 343 29 1033.81 1020 70 

La 54.07  54 4 22.69  22 3 

Ce 108.58  108 7 42.40  40 3 

Pr 13.25  12.7 0.8 5.26  4.9 0.4 

Nd 47.74  47 4 20.17  19 2 

Sm 9.93  9.7 0.8 3.65  3.4 0.3 

Eu 0.91  0.85 0.07 1.41  1.02 0.07 

Gd 9.17  9.3 0.7 3.04  2.7 0.4 

Tb 1.67  1.65 0.09 0.42  0.41 0.07 

Dy 10.45  10.2 0.4 2.06  1.85 0.2 

Ho 2.06  2.05 0.17 0.34  0.34 0.03 

Er 6.34  6.5 0.3 0.96  0.85 0.16 

Tm 1.25  1.06 0.09 0.15  0.15 0.05 

Yb 7.99  7.4 0.5 0.90  0.89 0.2 

Lu 1.18  1.15 0.09 0.12  0.12 0.04 

Hf 5.68  6.3 0.8 2.99  2.9 0.5 

Ta 7.60  7.2 0.7 0.48  0.4 0.09 

Pb 34.35  31 3 11.21  11.3 2.8 

Bi 0.52  0.53 0.06 0.07  0.081 0.025 

Th 51.14  54 3 2.80  2.6 0.4 

U 16.57  18.8 1.4 0.89  0.9 0.28 
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Table S6 Relevant partition coefficients, assumed melt compositions. 

Mineral Amp Pl Bi Cpx Grt Ap Zr Ol 

DLa 0.245 0.303 0.318 0.130 0.076 14.50 1.300 0.01 

Ref. [1] [2] [3] [4] [5] [6] [7] [8] 

DDy 2.225 0.107 0.097 0.800 5.000 34.80 38.80 0.024 

Ref. [1] [2] [3] [5] [5] [6] [7] [9] 

DYb 1.625 0.109 0.670 1.100 14.00 15.40 278.0 0.0545 

Ref. [1] [2] [3] [5] [5] [6] [7] [9] 

DSm 1.69 0.136 0.39 0.675 0.8 46 3.79 0.0108 

Ref. [1] [2] [3] [4] [5] [6] [7] [6] 

 La Dy Yb Sm     
Assumed melt  18 3.6 1.9 3.9     
BCC[10] 20 3.6 1.9 3.9     
[1] Klein et al. (1997); [2] Qian and Hermann (2013); [3] Matsui (1977); [4] Dostal et al. (1983);  [5] Ronov and Yaroshevsky (1976); [6] Fujimaki et al. (1984); [7] Bea 

et al. (1994); [8] Villemant (1988); [9] Dunn and Sen (1994); [10] (Rudnick and Gao, 2003). 

 

 

Table S7 Major and trace element modeling by Petrograph for rocks from the Gonghe-Guide area. 

Major oxides (wt.%) Plagioclase Amphibole Biotite C0 CL 

SiO2 58.14 47.69 38.8 65.00  75.12  

TiO2 0.02 1.24 3.28 0.57  0.13  

Al2O3 27.16 8.01 15.68 15.89  13.90  
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FeOtot 0.16 16.5 19.26 4.35  1.06  

MnO 0.02 0.62 0.39 0.08  0.04  

MgO 0.01 12.08 12.36 3.23  0.24  

CaO 7.91 11.99 0.03 4.57  0.72  

Na2O 6.4 1.05 0.09 2.85  3.52  

K2O 0.2 0.81 10.11 3.36  5.21  

P2O5 0 0 0 0.10  0.06  

TOT 100.00 100.00 100.00 100.00 100.00 

Fractionated minerals (wt.%) 

plagioclase 48.58    
amphibole 44.45    

biotite 6.97    
FC(wt.%) 44.54    

Statistical error 0.72    
 

 

Table S8 Radioactive heat production A (Total) in μW/m3 and contributions from U, Th and K for the Gonghe-Guide district. 

Petrology Location Source Sample 
K2O 

% 
Th ppm U ppm A (U) A (Th) A (K) A (total) 

Gr Reshuiquan This study 20CL200-5 4.70  16.35  1.65  0.42  1.14  0.36  1.93  

Gr Reshuiquan This study 20CL201-2 3.41  12.49  2.34  0.60  0.87  0.26  1.74  

Gr Xinjie This study 20CL202-2 3.99  16.52  1.34  0.35  1.16  0.31  1.81  

Gr Xinjie This study 20CL203-2 3.66  21.48  1.08  0.28  1.50  0.28  2.06  
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Gr Gaohongya This study 20CL204-5 5.68  32.14  20.02  5.15  2.25  0.44  7.84  

Gr Gaohongya This study 20CL209-2 5.50  50.50  3.03  0.78  3.53  0.42  4.74  

Gr Gaohongya This study 20CL210-2 3.31  17.84  1.42  0.37  1.25  0.26  1.87  

Gr Dangjiasi This study 20CL131-2 3.06  51.05  3.07  0.79  3.57  0.24  4.60  

Gr Jiangxigou This study 21CL112-1 4.86  21.93  2.10  0.54  1.53  0.38  2.45  

Mon Gaohongya This study 20CL204-2 5.15  32.93  20.50  5.27  2.30  0.40  7.97  

Mon Gaohongya This study 20CL205-2 3.46  25.65  2.74  0.71  1.79  0.27  2.77  

Mon Gaohongya This study 20CL206-2 5.04  17.41  1.70  0.44  1.22  0.39  2.05  

Mon Gaohongya This study 20CL207-2 3.35  29.49  1.78  0.46  2.06  0.26  2.78  

Mon Dangjiasi This study 20CL105-2 4.86  17.67  1.37  0.35  1.24  0.38  1.96  

Mon Jiangxigou This study 20CL110-2 3.86  14.15  0.85  0.22  0.99  0.30  1.51  

FD Gaohongya This study 20CL207-5 6.07  37.28  3.71  0.95  2.61  0.47  4.03  

FD Gaohongya This study 20CL208-2 5.39  38.52  6.44  1.66  2.70  0.42  4.77  

FD Xinjie This study 20CL202-5 6.47  24.21  3.03  0.78  1.69  0.50  2.97  

FD Reshuiquan This study 20CL200-2 4.36  7.58  3.46  0.89  0.53  0.34  1.76  

FD Dangjiasi This study 20CL132-2 6.95  11.20  1.49  0.38  0.78  0.54  1.70  

FD Dangjiasi This study 21CL129 5.32  29.40  3.23  0.83  2.06  0.41  3.30  

FD Dangjiasi This study 21CL130 5.72  23.26  2.04  0.53  1.63  0.44  2.59  
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Tonalite (N=2) GR1 Drilling hole (1) - 3.50  23.78  2.68  0.69  1.66  0.27  2.62  

Trondhjemite (N=2) GR1 Drilling hole (1) - 2.79  18.90  3.93  1.01  1.32  0.22  2.55  

Gr (N=85) - (1)-(11) - 3.81  22.57  3.62  0.93  1.58  0.29  2.80  

Mon (N=61) - (1)-(11) - 4.48  23.10  4.67  1.20  1.62  0.35  3.16  

Syneo (N=3) - (2), (11) - 3.61  25.78  4.95  1.27  1.80  0.28  3.36  

Dacite (N=11) Maixiu (12) - 1.85 8.66 2.03 0.52  0.61  0.14  1.27  

Andesite (N=10) Maixiu (12) - 1.34 5.22 1.24 0.32  0.37  0.10  0.79  

Note: Density of 2660 kg/m3 assumed for all samples. Gr=Granitoids; Mon=Monzogranite; FD=Felsic dike; Syeno=Syenogranite.  

Source: (1) Chen et al. (2020), (2) Zhang et al. (2020), (3) Zhang et al. (2017b), (4) Kong et al. (2019), (5) Li et al. (2015) (6) Ren et al. (2020), (7) Zhang et al. (2018), (8) Hu et al. (2019), (9) Liu et al. (2021), (10) Weinert et al. (2021), 

(11) Zhang et al. (2019), (12) Li et al. (2013). 

 

 

 

 

 

Table S9 Published ages of granitoids in the Zongwulong-Qinghainanshan tectonic belt. 
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Loca

tion 

Qiluo

shan 

Shaile

fegoul

ei 

Qiluo

shan 

Shaile

fegoul

ei 

South

west 

Qing

hai 

Lake 

South

west 

Qing

hai 

Lake 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Tong

ren 

Tong

ren 

Tong

ren 

Lancai(

Tongre

n) 

Lancai(

Tongre

n) 

Lancai(

Tongre

n) 

Lancai(

Tongre

n) 

Guok

eshan 

Guok

eshan 

Guok

eshan 

Guok

eshan 

Guok

eshan 

Qingha

inansh

an 

Qingha

inansh

an 

Tong

ren 

Tong

ren 

Refe

renc

es 

Wu 

Caila

i 

etal., 

2019 

Wu 

Cailai 

2019 

Wu 

Caila

i 

2019 

Wu 

Cailai 

2019 

Huan

g Hui 

et al., 

2014 

Huan

g Hui 

et al., 

2014 

Zhan

g 

Hong

fei et 

al., 

2006 

Zhan

g 

Hong

fei et 

al., 

2006 

Zhan

g 

Hong

fei et 

al., 

2006 

Zhan

g 

Hong

fei et 

al., 

2006 

Zhan

g 

Hong

fei et 

al., 

2006 

Zhan

g 

Hong

fei et 

al., 

2006 

Ren 

Wenkai 

et al., 

2020 

Ren 

Wenkai 

et al., 

2020 

Ren 

Wenkai 

et al., 

2020 

Ren 

Wenkai 

et al., 

2020 

Bai 

et 

al.,20

17 

Bai 

et 

al.,20

17 

Bai 

et 

al.,20

17 

Bai 

et 

al.,20

17 

Bai 

et 

al.,20

17 

Tian 

Qi et 

al., 

2018 

Tian 

Qi et 

al., 

2018 

Li 

Xiao

wei 

et 

al.,20

15 

Li 

Xiao

wei 

et 

al.,20

15 

U-P

b 

datin

g 

Age 

251 ± 

1  

250 ± 

1 

  
248.4

±1.2 

251.0

±0.9 

235±

2 

     
231.4±

2.9 

   
247±

3Ma 

      
241.0

± 1.3 

 

Sam

ple 

CL05

-82 

CL05-

88 

CL99

-65 

CL99-

84 

DL09

-08 

DL09

-021 

HMH

-1 

HMH

-2 

HMH

-3 
TR-1 TR-2 TR-3 PM1-1 PM3-1 PM4-1 PM5-1 

14G

KS01 

14G

KS02 

14G

KS03 

14G

KS04 

13G

KS01 

D0239

GS1 

D2459

GS1 

TR1-

2 

TR1-

3 

SiO2 66.85 65.85 67.26 64.97 66.8 66.5 66.51 66.39 66.31 64.56 66.13 63.34 62.51 63.67 63.53 65.08 64.43 64.29 64 64.97 66.48 66.68 63.17 66.73 66.57 

TiO2 0.44 0.46 0.4 0.48 0.54 0.48 0.53 0.54 0.56 0.54 0.5 0.6 0.61 0.5 0.47 0.42 0.42 0.43 0.41 0.39 0.4 0.48 0.72 0.38 0.49 

Al2O

3 
16.2 16.4 15.43 15.68 15.3 15.7 14.83 14.89 15.09 14.98 14.81 15.24 15.7 15.46 15.25 15.08 16.2 15.98 15.94 15.96 15.88 15.58 14.68 14.47 15.47 

Fe2O

3(T) 
4.08  4.00  3.74  4.96  4.74  4.44  4.83  4.73  4.86  4.76  4.20  5.41  5.27  4.70  4.51  3.93  4.45  4.53  4.44  4.39  4.23  3.46  6.10  3.04  3.85  

Mn

O 
0.09 0.07 0.09 0.1 0.09 0.09 0.08 0.07 0.08 0.09 0.07 0.08 0.09 0.08 0.07 0.07 0.09 0.1 0.1 0.1 0.08 0.09 0.08 0.04 0.04 



39 
 
 

39 
 

Mg

O 
1.79 2.08 1.54 2.24 1.72 1.46 1.79 1.74 1.82 3.06 2.87 2.83 3.06 3.47 3.37 2.9 2.23 2.43 2.28 2.44 2.04 1.16 3.39 1.53 2.03 

CaO 4.82 5.04 3.83 4.55 4.18 3.79 4.78 4.76 4.8 5.2 4.54 5.03 4.48 4.59 4.64 4.07 5.6 5.43 5.07 4.45 4.75 2.81 3.9 2.17 2.85 

Na2

O 
3.56 3.47 3.52 3.54 3.28 3.6 2.6 2.5 2.58 2.5 2.41 2.29 2.59 2.66 2.76 2.76 3.25 3.16 3.26 3.2 3.03 4.28 3.58 3.27 2.96 

K2O 2.08 2.34 3.02 2.54 2.49 2.73 3.39 3.4 3.4 3.27 3.5 3.61 3.76 3.13 3.18 3.47 1.43 1.64 1.68 2.06 2.18 2.81 3.76 4.73 3.98 

P2O5 0.13 0.13 0.11 0.12 0.1 0.1 0.11 0.11 0.12 0.1 0.08 0.12 0.11 0.1 0.09 0.08 0.11 0.11 0.11 0.11 0.1 0.11 0.15 0.1 0.11 

LOI 0.03 0.01 0.02 0.15 0.61 0.96 0.57 0.78 0.45 0.86 0.69 1.37 1.38 1.67 1.6 1.59 1.77 1.75 1.92 1.88 0.98 2.41 1.1 3.12 1.18 

Tota

l 

100.0

7  
99.85  98.96  99.33  99.24  99.56  99.54  99.44  99.58  99.44  99.38  99.38  99.66  100.13  99.56  99.53  99.98  99.85  99.21  99.95  

100.1

5  
99.69  100.02  99.58  99.53  

Li     25.3 29.2           29.6 26.9 35.4 48.3 37     

Be       1.79 1.88 1.83 2.32 2.31 2.65              

Sc 9.99 10.9 0.2 0.4 9.24 10.4 10.69 10.61 12.86 13.16 11.98 13.94     11.1 11.9 10.9 15.7 9.21   6.9 9.72 

V       76.28 77.73 77.42 78.26 71.37 89.14 111 85 98 83 102 107 99 103 82.5   34.4 47.1 

Co 8.14 9.59 5 8 8.91 7.54 10.86 11.35 11.43 15.2 14.44 14.87     10.4 11.2 9.8 11.3 8.69   5.26 9.93 

Ni 6.58 9.18 3.9 5.5 2.7 2.3 8.04 8.66 8.88 43 40.2 32.1     7.5 8 7 8 7.5   11.3 13.5 

Cu 5.7 8.8 3.5 4.8   5.1 3.44 4.28 7.66 15.83 24.87     2.2 1.8 3.1 36.8 2.83 7.36 29.6 64.3 628 

Zn 53.9 47.2 40 42   44.8 47.1 46.5 46.1 46.2 103.8          62.8 66.2 37.9 47.9 

Ga 17.1 17.1 14.5 16.8 16.1 17 14.36 20.46 20.42 20.14 20.26 20.22 23.4 19.2 17.7 18.9 18 18.1 17.8 18 16.1   17.3 20 

Rb 80.7 77.6 119 91 81.7 88 153 154 154 135 161 194 233 173.5 151 191.5 50.1 60.9 69.7 85.8 94.4 88 166 233 223 

Sr 278 284 226 241 172 186 258 262 254 226 204 262 259 221 220 217 415 415 386 361 348 396.2 263.1 244 278 

Y 19.7 17.9 18.1 20.3 17.6 23.8 21.35 21.02 22.48 20.54 20.76 21.25 24.4 20.9 20.5 21.5 17 19 18.4 22.2 12.7 19.06 19.6 14.6 17.5 
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Nb 8.89 8.29 10.3 11.6 8.92 9.02 10.64 10.98 12 8.98 8.75 11.26 10.8 8 7.6 8.3 7 7.3 7.2 7.5 7.78 14.1 20.6 8.1 9.93 

Cr 14.3 18.7 11 31 7.31 5.63 23.73 24.04 25.51 140.3 132.2 99.41 110 160 170 160 30 40 30 30 15.9   30 41.7 

Cs 3.64 2.2 0.01 0.01   7.67 8.52 6.6 9.18 12.2 12.38 20.6 16.35 19.2 16.45 1.95 1.92 2.37 2.5 4.73   10.3 38.3 

Ba 412 458 658 511 459 607 504 496 491 390 429 393 383 316 326 313 366 330 389 504 417   539 472 

La 15.1 19 20.5 21.3 12.9 29.6 33.94 31.84 33.22 31.43 30.5 39.11 37.9 31.5 31 37.5 18.5 18.4 16.7 17 18.4 58.32 34.2 35 27.5 

Ce 31.9 35.9 40.1 40.2 23 51.5 63.68 56.56 60.03 59.59 59.37 74.7 83.4 63.8 61.7 73 36.7 36.5 33.3 37.3 35.5 117.1 72.32 67.9 53.7 

Pr 3.57 3.87 4.4 4.72 3.17 6.06 6.47 6.22 6.46 6.77 6.71 8.51 8.82 6.85 6.21 6.72 3.83 4.04 3.77 4.1 3.75 13.4 8.82 7.83 6.34 

Nd 14 14.6 15.1 17.1 12.7 21.7 21.57 22.22 23.1 24.49 24.05 30.79 31.1 23.6 22.2 22.4 13.8 14.7 13.8 15.1 13 47.76 38.17 27.8 23.7 

Sm 3.24 3.04 3.41 3.49 2.88 4.22 3.97 3.96 4.15 4.59 4.54 5.58 5.69 4.36 4.3 3.99 2.99 3.25 3.23 3.51 2.49 7.57 6.99 4.87 4.82 

Eu 0.82 0.81 1.12 1.1 0.84 0.95 0.84 0.92 0.91 0.86 0.85 0.96 0.97 0.85 0.83 0.76 0.76 0.76 0.76 0.82 0.66 0.99 1.13 0.843 0.899 

Gd 3.12 2.96 3.16 3.6 2.75 3.85 3.72 3.84 3.98 4.2 4.13 4.96 5 3.74 3.93 3.33 2.77 3.16 3.15 3.55 2.28 6.17 5.74 3.85 3.98 

Tb 0.52 0.5 0.6 0.63 0.47 0.66 0.59 0.6 0.63 0.65 0.62 0.72 0.73 0.59 0.5 0.52 0.47 0.47 0.5 0.6 0.35 0.79 0.69 0.531 0.611 

Dy 3.14 2.97 3.23 3.75 3.06 4.15 3.45 3.44 3.65 3.62 3.55 3.98 4.33 3.44 3.22 3 2.77 3 2.97 3.46 2.1 3.91 3.85 2.81 3.4 

Ho 0.64 0.61 0.62 0.7 0.66 0.9 0.7 0.72 0.76 0.73 0.73 0.75 0.85 0.74 0.66 0.63 0.55 0.64 0.64 0.74 0.43 0.73 0.73 0.556 0.672 

Er 2.04 1.86 2.01 2.24 1.94 2.59 2.03 2.04 2.15 2.03 2.04 2.1 2.34 1.98 1.79 1.74 1.75 1.91 1.84 2.3 1.26 1.89 2.01 1.48 1.87 

Tm 0.31 0.28 0.32 0.34 0.31 0.41 0.33 0.32 0.34 0.31 0.32 0.3 0.36 0.31 0.27 0.27 0.26 0.28 0.28 0.31 0.19 0.27 0.35 0.219 0.282 

Yb 2.13 1.89 2.24 2.24 2.16 2.76 2.13 2.07 2.24 1.96 1.99 1.99 2.3 1.96 1.86 1.75 1.66 2.02 1.73 2.34 1.26 1.56 1.83 1.46 1.88 

Lu 0.34 0.3 0.4 0.37 0.34 0.45 0.33 0.33 0.34 0.29 0.3 0.3 0.35 0.31 0.29 0.28 0.26 0.3 0.29 0.38 0.2 0.3 0.27 0.224 0.297 

Hf 3.63 3.91 3.78 3.71 4.27 4.45 3.53 4.95 4.62 4.2 4.76 5.15 5.4 3.7 3.8 4.3 3.2 2.9 3.2 3.6 2.85 7.61 7.63 4.14 4.57 

Ta 0.91 0.81 1.27 1.46 1.02 0.88 0.92 0.95 1.03 0.82 0.87 1.04 1.2 1 1 1 0.6 0.7 0.6 0.8 0.63 0.59 0.46 1.19 1.47 
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Pb 14.2 10.2 18 10 16.1 19.4 14.14 15.07 14.74 25.83 28.11 27.37     10.3 11 12 12.4 13.7 13.44 24.3 21.7 23.6 

Th 7.4 10.7 10 11 10.2 14.1 16.88 14.65 14.91 16.3 18.88 22.2 28.1 18.35 18.05 19.65 6 7.38 6.11 7.72 6.88   22.2 21.5 

U 0.93 1.1 0.8 1.4 1.38 1.95 0.62 0.88 0.67 2.44 1.7 3.32 3.46 2.22 1.84 3.89 0.6 0.83 0.81 0.67 0.8   6.81 7.8 

Zr 121 139 126 119 145 154 152.3 172 158.1 133 147.6 166.4 175 121 129 129 113 97 111 119 113 289 286 139 153 

Table S9 (continued) 
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Dangj
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15 
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15 
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al.,20

15 
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Xiao
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al.,20

15 
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Xiao
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al.,20

15 

Li 

Xiao
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al.,20

15 

Li 

Xiao

wei et 

al.,20

15 

Li 

Xiao
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al.,20

15 

Li 

Xiao
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al.,20

15 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 
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g 

Yong

ming 

et al., 

2017 

Kong 
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an et 

al., 
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Kong 
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al., 

2019 

Kong 
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al., 

2019 

Kong 

Lingti
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al., 

2019 

Kong 

Lingti

an et 

al., 

2019 

Zhan
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Yong

ming 

et al., 

2017 

Zhan
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Yong

ming 

et al., 

2017 
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g 

Yong

ming 

et al., 

2017 
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Yong

ming 

et al., 

2017 
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Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 
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g 

Yong

ming 

et al., 

2017 

       
240.5

± 1.6  

   
244.0

±2.1 

    
239.4 

± 2.8 

  
240.1 

± 2.1 

      

TR1-

4 

TR1-

5 

TR1-

6 

TR1-

7 

TR1-

8 

TR2-

1 

TR2-

2 

TR2-

3 

D013

3GS2 

TK76

/7 

TK77

/2 

TK77

/4 

TK77

/7 

TK77

/9 
Ｑ１ Ｑ２ Ｑ３ Ｑ４ Ｑ５ 

TK80

/1 

TK88

/1 

TK93

/1 

TK95

/1 

TK96

/1 

TK98

/1 

TK99

/1 

65.78 66.62 65.09 66.14 66.09 63.75 64.58 67.04 65.89 63.33 65.96 66.15 65.95 64.76 66.65 66.63 66.97 66.77 65.69 67.17 68.45 66.37 68 67.55 63.57 64.21 

0.43 0.43 0.43 0.41 0.41 0.53 0.49 0.32 0.29 0.65 0.57 0.6 0.55 0.59 0.47 0.48 0.48 0.49 0.51 0.41 0.39 0.51 0.45 0.5 0.57 0.54 

14.94 14.93 15.42 15.58 15.13 15.55 15.15 14.24 16.51 16.37 15.59 15.74 15.35 15.62 15.1 15 15.2 15.34 15.6 14.85 15.3 15.84 15.03 15.13 15.89 15.88 
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3.52  3.47  3.76  3.34  3.57  4.37  4.08  2.85  3.22  4.54  3.92  4.03  3.91  4.19  4.34  4.58  4.40  4.45  4.75  3.46  3.09  4.11  3.79  4.02  4.87  4.83  

0.04 0.04 0.05 0.03 0.04 0.06 0.07 0.04 0.05 0.05 0.06 0.05 0.05 0.06 0.07 0.08 0.08 0.07 0.08 0.05 0.05 0.07 0.07 0.06 0.08 0.08 

1.63 1.89 2.03 1.98 1.8 2.4 2.24 1.29 0.67 1.36 1.27 1.23 1.2 1.28 1.75 1.9 1.73 1.78 1.92 1.39 1.16 1.33 1.22 1.3 2.16 2.19 

2.39 2.55 2.38 2.48 2.4 3.36 3.02 2.98 1.57 3.77 3.07 3.04 3.09 3.27 3.29 3.77 3.64 3.52 3.99 2.79 2.69 3.93 3.4 2.73 4.66 4.8 

2.88 2.79 2.63 3.03 3.07 3.09 2.91 3.53 6.37 4.77 3.62 3.04 3.09 3.19 3.03 2.75 2.86 2.81 2.87 3.04 3.12 3.03 2.62 3 2.84 2.85 

4.18 4.05 4.91 4.64 4.24 3.62 3.69 3.71 3.59 3.89 4.27 4.29 4.16 4.12 3.64 3.67 3.62 3.71 3.5 3.85 4.29 3.37 4.17 3.42 3.28 3.18 

0.12 0.09 0.09 0.09 0.11 0.11 0.11 0.07 0.1 0.14 0.12 0.13 0.12 0.13 0.1 0.09 0.09 0.09 0.1 0.09 0.1 0.1 0.09 0.1 0.11 0.11 

3.7 2.67 2.76 1.79 2.7 2.71 3.28 3.47 1.49 0.76 1.08 0.86 0.84 0.86 1.57 0.75 0.79 0.81 0.77 1.04 0.73 0.68 1.34 1.72 0.61 0.57 

99.60  99.54  99.56  99.52  99.56  99.54  99.59  99.55  99.43  99.63  99.53  99.16  98.05  98.33  
100.0

1  
99.70  99.86  99.84  99.78  98.14  99.37  99.34  

100.1

8  
99.53  98.64  99.24  

         59.5 75.2 67.6 74.9 72.4      
108.2

2 

114.2

2 
68.69 73.97 

121.5

3 
62.45 34.1 

         2.39 3.15 2.69 2.71 2.51      2.71 2.71 2.01 1.96 2.42 1.61 1.68 

8.5 8.26 9.28 8.44 8.69 10.85 10.3 6.36  10.7 9.02 8.15 9.03 8.12      8.12 5.81 10.13 9.91 10.44 14.32 13.58 

46.9 49.1 51.1 47.9 44.3 63 58.5 32.6  50.1 43.2 44.2 46.8 42.6 48 52 49 52 54 36.92 32.83 40.47 34.31 37.53 82.99 80.75 

8.23 6.75 8.24 8.71 8.4 10 10.3 6.14  9.94 7.75 8.53 8.91 8.31      7.77 6.63 8.31 7.52 8.22 11.7 11.43 

12.1 14.1 17 15.3 12.3 20.2 19.3 11.7  11.4 11.5 12 11.8 12.5      6.14 10.76 12.51 13.25 12.59 8.98 8.92 

223 99.7 96.9 38.2 124.1 29.1 5.3 10.7 3.8 3.23 2.43 2.74 2.85 2.52      11.9 1.57 2.99 1.88 1.75 2.92 2.79 

56.3 42.4 37.1 31.1 34.9 43.2 51.9 29 25.2 58.5 50.7 51.4 51.7 46.7      42.98 47.54 49.25 45.89 48.4 51.38 40.45 

19.8 19 19.3 18.8 19.7 20.5 19.6 17.2  18.2 16.8 17.4 17.9 16.9 18.8 18 18.5 19.4 19.7 16.71 17.24 17.7 15.98 17.03 16.24 16.15 

230 186 245 222 232 170 166 188 110 190 226 217 211 209 207 175.5 180 186.5 180.5 
200.6

2 

200.4

5 

149.9

6 

172.6

5 

155.2

4 
153 146.9 



43 
 
 

43 
 

196 254 305 304 303 275 255 252 251.1 263 222 226 234 221 205 227 255 239 246 41.96 
316.1

9 

281.6

5 

264.4

5 
307.4 311.7 313.5 

16.4 19.7 20.4 19.1 16.7 23 18 23.8  33.8 32.4 31.4 34.9 31.5 29.3 29.9 27.3 26.6 27.9 29.73 25.46 30.53 33.81 34.87 29.69 30.41 

9.22 9.26 9.15 8.82 9.05 11.22 10.26 7.91 12.8 13.8 13.7 14.4 14.7 13.3 10.1 9.4 9.6 9.7 9.9 13.73 13.48 12.39 11.82 13.17 14.06 13.62 

34.3 53.8 57.5 56.2 33.3 68.4 67 35.7  6.3 9.09 8.99 8.77 8.31 50 60 70 50 50 30.16 18.14 14.93 15.15 13.54 24.38 26.69 

16.6 10.5 9.9 37.2 11.4 14 9.2 8.6  11.3 13.9 15.4 12.7 9.35 35.3 24.2 32.3 57.8 26.6 17 22.25 8.71 5.04 16.59 10.23 10.28 

510 382 467 584 512 407 399 371  606 521 508 531 499 370 368 416 419 406 45.58 496.1 
482.9

4 

610.9

4 

400.4

3 
499.6 478.6 

36.3 27.3 30.2 28.8 32.2 24.4 40.8 33.2 32.5 44.68 46.17 50.45 52.56 49.18 37 40.6 33.2 37.9 37.3 44.32 39.52 42.82 29.51 40.06 29.16 30.63 

71.2 54.2 62 56.8 61.5 49.2 79.4 65.4 59.67 90.72 92.63 
101.9

5 
106.9 98.02 70.6 76.3 63.4 73.6 70.4 93.02 81.89 83.36 61.78 83.97 63.03 66.88 

8.32 6.42 7.51 6.62 7.1 6.08 9.05 7.61 6.23 7.01 6.99 7.49 7.92 7.14 7.83 8.59 6.97 8.26 7.93 6.69 6.17 6.32 4.91 6.18 5.02 5.21 

29.9 23.2 27.7 24.2 25.8 23.5 32 27.1 23.65 34.65 33.01 34.58 36.86 33.66 27.9 29.4 25.5 28.1 28.5 30.84 29.36 29.98 24.66 29.2 24.76 25.63 

5.42 4.54 5.53 4.73 4.86 5.13 5.58 5.15 3.74 5.21 4.79 4.86 5.4 4.85 5.37 5.85 5.03 5.54 5.57 4.36 4.62 4.49 4.24 4.47 3.83 3.97 

0.741 0.782 0.815 0.824 0.83 0.903 0.796 0.764 0.66 1.04 0.86 0.89 0.93 0.85 0.87 0.88 0.91 0.96 1.04 0.79 0.87 0.94 0.89 0.88 0.88 0.86 

4.24 3.88 4.51 4 4.01 4.49 4.53 4.42 2.84 5.04 4.73 4.67 5.14 4.63 4.86 5.04 4.68 4.98 4.83 4.24 4.19 4.36 4.31 4.52 3.87 3.91 

0.592 0.598 0.682 0.611 0.587 0.723 0.634 0.699 0.33 0.74 0.68 0.65 0.73 0.67 0.78 0.85 0.75 0.75 0.8 0.6 0.57 0.63 0.66 0.68 0.57 0.59 

3.24 3.51 3.85 3.53 3.25 4.19 3.57 4.09 1.829 4.24 4 3.81 4.33 3.84 4.76 5.08 4.77 4.53 4.68 3.56 3.13 3.69 4.08 4.07 3.39 3.44 

0.641 0.731 0.775 0.729 0.648 0.863 0.711 0.863 0.37 0.86 0.81 0.76 0.86 0.77 1.03 1.12 0.96 0.98 0.99 0.7 0.59 0.74 0.81 0.83 0.71 0.72 

1.72 2.07 2.13 2.06 1.77 2.41 1.96 2.47 1.09 2.51 2.41 2.24 2.51 2.3 2.88 3.04 2.69 2.66 2.82 2.16 1.74 2.19 2.37 2.51 2.16 2.19 

0.259 0.321 0.321 0.318 0.266 0.372 0.291 0.392 0.21 0.34 0.35 0.32 0.36 0.33 0.44 0.48 0.44 0.41 0.43 0.31 0.25 0.32 0.35 0.37 0.31 0.32 

1.71 2.2 2.09 2.15 1.77 2.5 1.96 2.71 1.11 2.25 2.3 2.07 2.42 2.18 2.87 3.2 2.77 2.72 2.76 2.1 1.67 2.08 2.4 2.46 2.11 2.18 
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0.269 0.352 0.319 0.339 0.28 0.398 0.309 0.437 0.17 0.35 0.34 0.33 0.37 0.34 0.44 0.47 0.44 0.43 0.42 0.32 0.25 0.31 0.36 0.38 0.33 0.34 

4.39 4.68 3.98 4.26 4.36 5.27 4.92 4.1 5.37 4.99 5.19 5.34 5.68 5.13 5.2 4.5 4.4 4.9 5.3 3.93 4.05 4.18 4.13 5.12 4.52 4.62 

1.31 1.48 1.24 1.31 1.29 1.75 1.35 1.5 0.76 0.84 1.01 1.06 1.06 0.94 1.1 1.2 1.2 1.1 1.1 1.22 1.23 0.74 0.86 0.94 0.86 0.86 

29 28 23 26.7 21.6 26.5 24.3 22.8 11 19.5 19.4 22.6 23.4 21.3      21.18 28.47 20.14 22.49 21.6 14.71 13.15 

24 28.4 26.6 24.7 20.8 27.9 29 32.1  14.86 18.02 18.83 23.66 21.91 22 21.9 18.8 22 19.75 18.53 18.25 14.24 13.78 19.86 12.43 10.25 

7.8 7.75 5.75 7.29 6.16 7.54 4.76 7.82  1.99 2.57 3.12 1.96 2.56 5.99 4.54 4.42 3.94 3.44 2.02 2.13 1.29 2.59 2.5 0.88 0.63 

146 144 128 131 144 166 161 117 188 262 277 275 300 265 184 143 153 165 190 90.13 
199.1

2 

239.8

3 

221.8

5 

269.8

8 
255.6 258.7 

Table S9 (continued) 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorite 

Grano

diorite 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Grano

diorit

e 

Heim

ahe 

Heim

ahe 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Heim

ahe 

Heima

he 

Heima

he 

Dangj

iasi 

Dangj

iasi 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Meng 

et al., 

2019 

Wang 

Jiwei 

et al., 

2019 

Wang 

Jiwei 

et al., 

2019 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 
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244.4 

± 1 

              
246±

1  

 

242.7

±1.5 

Ma 

239.3

±2.0 

Ma 

       

TK11

3/1 

TK11

6/1 

GR1-

10-1 

GR1-

10-2 

D417

2GS1 

D462

1GS1 

D562

0GS1 

D591

1GS1 

D568

0GS1 

TK11

8 

TK12

0 

TK12

1 

TK12

2 

TK12

3 

TK12

4 

TK12

5 

TK12

7 
D6066 D8017 

D565

3GS1 

D573

5GS1 

18GH

-01 

18GH

-02 

18GH

-07 

18GH

-04 

18GH

-08 

64.5 63.96 64.6 64.43 65.69 67.91 67.94 67.82 68.37 65.64 64.39 67.78 67.97 67.78 63.36 64.64 65.14 67.04 66.04 66.95 68.15 67.97 66.36 61.97 68.28 67.46 

0.53 0.54 0.69 0.7 0.55 0.47 0.48 0.42 0.54 0.55 0.58 0.49 0.45 0.53 0.57 0.52 0.53 0.49 0.48 0.49 0.57 0.48 0.49 0.35 0.35 0.37 

15.67 15.71 14.76 14.76 15.11 13.96 14.25 14.47 14.5 15.45 15.78 15.51 15.23 15.87 16.22 15.78 16.18 15.14 15.59 14.39 13.75 15.15 16.1 20.19 14.85 14.98 

4.70  4.63  6.14  6.19  5.18  4.59  4.50  4.12  4.40  4.49  4.79  3.79  3.46  4.19  4.89  4.50  4.37    4.72  4.56       

0.07 0.07 0.16 0.15 0.07 0.06 0.06 0.06 0.06 0.03 0.06 0.05 0.04 0.07 0.08 0.07 0.06 0.06 0.06 0.08 0.07 0.07 0.1 0.06 0.06 0.07 

2.09 2.06 2.16 2.17 1.7 1.41 1.41 1.31 1.34 1.44 1.43 1.39 1.2 1.55 2.11 1.98 1.95 1.83 1.84 1.5 1.43 1.33 1.44 0.6 0.99 1.06 

4.47 4.4 2.89 2.91 4.29 3.54 3.54 3.81 3.35 3.63 3.74 3.58 3.03 3.66 4.5 4.53 4.6 4.12 4.41 3.29 3.5 3.76 2.87 3.19 2.76 3.15 

2.78 3.04 4.06 4.05 3.36 3.05 3.02 3 2.83 3.14 3.25 2.81 2.72 2.75 2.96 2.91 3 2.84 2.98 3.03 2.82 3.25 3.93 6.2 3.56 2.88 

3.42 3.41 2.45 2.43 3.68 3.57 3.75 3.83 3.83 3.44 3.29 3.66 3.76 3.59 3.42 3.35 3.22 3.62 3.59 4.07 3.79 3.03 2.51 3.08 3.86 3.95 

0.1 0.1 0.15 0.15 0.1 0.08 0.08 0.08 0.08 0.12 0.12 0.09 0.1 0.1 0.1 0.11 0.1 0.1 0.1 0.09 0.09 0.13 0.13 0.03 0.08 0.09 

0.51 0.65 2.34 2.27 0.63 0.62 0.66 0.92 0.44 0.55 0.57 0.67 0.61 0.57 0.61 0.53 0.51 0.74 0.87 0.71 1.01 0.65 1.78 1.42 1.53 2.05 

98.84  98.57  
100.3

9  

100.2

2  

100.3

6  
99.26  99.69  99.84  99.74  98.48  98.00  99.82  98.57  

100.6

6  
98.82  98.92  99.66    99.32  99.73  99.84  99.70  99.68  99.80  99.70  

35.39 28.93        56 57.7 55.8 64.9 56.9 62.5 56.3 61.5          

1.96 1.99        2.52 2.57 2.67 3.08 2.49 2.33 2.05 2.12          

13.83 13.18 14.72 14.61      11.9 11.8 11.9 9.5 11 13.7 12.2 11.1     8.37 7.95 3.67 6.05 6.05 

80.96 81.65 54.61 53.82      50.9 53.7 44.7 38.8 48.5 89 77.7 75.6     37.26 37.15 11.91 27.49 30.27 
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11.63 12.09 13.16 13.47      10.5 9.79 8.55 7.6 9.03 11.9 11.2 12     7.88 7.16 7.58 6.27 7.57 

9.6 7.71 7.83 7.74      5.95 5.26 5.8 5.17 5.62 8.33 7.69 7.55     5.57 6.17 4.91 8.81 8.07 

2.38 4.69   4.3 102 3.88 11.9 43.6 7.1 7.22 4.93 6.67 5.87 9.12 5.8 6.8   4.29 10.3      

39.43 42.62   51.7 40.5 45.9 50.8 95.5 66.5 70.8 48.5 53.1 58.2 65 55.2 56.1   58.7 50.4      

16.18 17.78        20.7 20.3 18.6 18.3 17.8 19.2 18.5 18.7          

162.6 172.4 
161.6

9 

159.7

9 
149 195 161 169 177 185 184 216 235 208 208 180 170 173.3 160.1 199 174 

147.1

3 

133.2

8 

249.2

6 

185.2

1 

216.2

3 

318.1 280.9 146.6 
145.0

3 
246.4 163.5 207 211.3 199.4 307 310 247 249 265 294 293 311 258.8 259.8 199.9 204.2 

300.9

7 

362.9

5 

327.4

6 

232.9

7 

243.5

7 

29.48 23.24 36.59 35.36 19 19.3 14.7 17.7 17.2 25.8 29.5 29.3 24.3 28.2 26.3 23.8 19.9 17.93 20.49 22.5 16.8 25.29 22.58 11.1 18.57 17.22 

13.77 12.74 2.33 2.52 12.9 11.3 13.2 12.8 13.9 15.2 16 14.8 15.2 14 14.1 12.4 12.4 12.83 12.21 13.6 13.1 12.66 12.62 38.91 10.01 10.34 

24.78 27.58 24.39 24.11      14 12.9 19.9 15 22.6 28.5 24.2 23.7     12.6 13.25 5.82 24.07 39.87 

13.7 7.66 16.18 16.15      8.49 6.92 7.24 9.78 7.57 14.2 8.14 8.95     22.12 22.63 33.53 18.75 24.2 

508.1 511.2 
463.2

7 

457.8

3 

     601 840 503 522 510 529 503 526 570.6 471.3   
464.6

3 
401.3 

370.0

8 

552.3

2 

634.8

6 

46.69 32.19 35.02 29.9 39.4 25.6 43.1 38.8 26.2 42.1 32.8 37.1 38.3 42.7 25.8 34 23.7 26.42 28.67 31.7 29.9 43 42.06 78.45 31.94 32.48 

87.18 66.26 71.06 61.01 71.81 51.1 81.4 73.54 57.83 82.9 67.5 73 77.8 85.2 46.5 64.3 48.7 50.96 53.17 63.44 55.79 83.18 81.14 
175.5

8 
61.57 61.26 

6.34 6.76 8.04 6.86 8.47 6.03 8.88 8.43 6.02 8.74 7.54 7.56 7.94 8.45 5.42 6.96 5.2 5.73 6.34 7.5 6.9 8.79 8.42 16.7 6.44 6.43 

28.85 24.66 29.69 25.7 34.43 25.63 35.42 34.54 25.63 29.7 29.1 27.4 27 28.5 20.9 25.5 18.7 20.1 22.83 32.01 28.6 30.43 29.26 57.95 21.81 21.63 

4.01 4.68 6.09 5.52 6.01 5.51 6.3 6.67 5.46 5.14 5.77 5.44 5.05 5.58 4.51 4.82 3.71 3.7 4.3 6.49 5.51 5.47 4.88 8.79 4.09 3.92 

0.87 1.09 0.88 0.87 0.8 0.64 0.77 0.7 1.01 1.3 1.34 1.04 1.1 1.17 1.04 1.12 1.18 0.86 0.99 0.83 0.72 1.09 1 1.21 0.81 0.84 
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4.08 4.78 5.29 5.08 5.01 4.77 5.16 5.53 4.74 5.8 5.99 5.7 5.39 5.92 4.58 4.83 4.25 3.43 3.89 5.54 4.63 4.8 4.46 4.53 3.36 3.34 

0.59 0.68 0.96 0.92 0.53 0.64 0.65 0.59 0.77 0.75 0.9 0.84 0.72 0.79 0.73 0.7 0.56 0.58 0.66 0.75 0.57 0.75 0.68 0.54 0.55 0.55 

3.5 4.13 5.49 5.4 2.99 3.91 3.73 3.4 4.83 4.46 5.27 5.15 4.13 4.77 4.6 4.09 3.41 3.31 3.72 4.45 3.3 4.5 3.97 2.38 3.06 2.93 

0.7 0.83 1.12 1.1 0.6 0.85 0.71 0.69 0.97 0.92 1.06 1.04 0.88 1.03 0.96 0.83 0.69 0.65 0.74 0.89 0.66 0.84 0.76 0.37 0.63 0.57 

2.17 2.54 3.66 3.57 1.72 2.55 2.02 1.98 2.75 2.88 3.19 3.15 2.55 3.03 2.88 2.56 2.21 2.05 2.33 2.48 1.86 2.35 2.09 1.01 1.81 1.66 

0.32 0.37 0.58 0.57 0.3 0.49 0.37 0.35 0.52 0.43 0.48 0.45 0.35 0.41 0.44 0.38 0.33 0.35 0.4 0.47 0.35 0.35 0.32 0.15 0.29 0.25 

2.19 2.47 3.91 3.79 1.74 2.83 1.98 2.01 2.81 2.8 3.22 2.98 2.24 2.63 3.08 2.58 2.05 2.32 2.69 2.52 1.92 2.28 2.08 0.91 1.91 1.57 

0.35 0.39 0.64 0.61 0.26 0.43 0.3 0.31 0.44 0.44 0.49 0.48 0.38 0.43 0.46 0.39 0.3 0.33 0.35 0.36 0.3 0.32 0.33 0.14 0.28 0.24 

4.37 5.74 9.67 8.18 5.24 4.12 4.97 5.06 4.75 7.7 6.7 5.78 5.57 5.9 5.51 5.31 5.39 6.14 7.61 5.17 5.67 4.88 4.81 4.01 2.78 2.91 

1.21 0.96 0.18 0.24 0.76 1.59 1.09 0.98 1.42 1.02 1.15 1.34 1.32 1.08 1.12 0.91 0.84 1.02 0.86 1.41 1.22 1.18 0.9 11.3 1.2 1.09 

12.94 15.01 18.93 20.25 25 33.3 24.1 26 11.5 23.3 23.1 18 22.6 18 23.6 17.9 21.7   29.7 26 26.27 41.39 37.63 30.03 31.42 

16.78 20.28 17.29 15.12      19.6 11.7 22.5 18.7 22 16.9 16.7 12 17.2 18.16   15.41 18.39 55.59 14.69 14.39 

0.78 1.18 5.32 5.96      1.88 2.1 2.09 2.07 2.11 1.73 1.39 1.24 0.85 1.29   2.66 3.88 17.51 3.83 4.47 

229.5 195.8 
295.1

5 
295 178 117 161 161 160 299 248 191 189 192 196 186 201 173 199.4 166 167 

182.1

9 
182.5 

130.6

2 
94.98 

107.3

3 

Table S9 (continued) 
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Gong

he 
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Qinghai
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han 

Qinghai

hunans

han 
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he 
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Gong

he 

Basi
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an 

Dang
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Dang

jiasi 

South

west 

Qing

Lancai

(Tongr

en) 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj
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Jiang

xigou 
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Tians
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Tians
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n 

(Qia

buqia 

HDR

) 

n 

(Qia

buqia 

HDR

) 

n 

(Qia

buqia 

HDR

) 

(Qiab

uqia 

HDR) 

n 

(Qia

buqia 

HDR

) 

hai 

Lake 

u 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Qiang 

Juan, 

2008 

Qiang 

Juan, 

2008 

Qiang 

Juan, 

2008 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Zou 

Feng

hui et 

al., 

2022

b 

Zou 

Feng

hui et 

al., 

2022

a 

Zou 

Feng

hui et 

al., 

2022

a 

Huan

g Hui 

et al., 

2014 

Ren 

Wenka

i et al., 

2020 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Hao 

et al., 

2018 

Qiang 

Juan, 

2008 

Qiang 

Juan, 

2008 

Qiang 

Juan, 

2008 

Wang 

Jiwei 

et al., 

2019 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Shi 

Yulia

n et 

al., 

2018 

Zhan

g 

Yong

ming 

et al., 

2017 

   
238.7±1

.5 

  

241.3

8 ± 

0.38 

 
261.5

±2.3 

 
255.1 

± 1.9 

250.5

±1.0 

     

253.8

±3.3 

Ma 

246±

1.5 

   
247.2 

± 1.7 

   

18G

H-09 

18G

H-10 

18G

H-11 
WSA-6 

WSA-6

-1 

WSA-6

-2 

HGR

1-6-1 

HGR

1-6-2 

20C

L166 

20C

L100

-5 

20C

L132

-5 

DL09

-018 
PM9-1 

D442

1GS1 

D472

5GS1 

D487

0GS1 

D462

0GS1 

D033

3GS1 

ZW-1

4 

ZW-1

4-1 

ZW-1

4-2 
2 

PM13

GS1 

D585

7GS1 

D401

9GS1 

TK79

/1 

67.67 68.03 67.42 65.53 65.41 65.33 63.94 62.78 64.91 62.82 66.36 68.9 69.71 70.05 71.16 69.31 69.19 69.92 70.45 70.58 70.15 69.79 71.55 69.48 68.92 71.78 

0.38 0.35 0.38 0.5 0.5 0.49 0.54 0.54 0.56 0.66 0.51 0.47 0.34 0.37 0.29 0.41 0.34 0.38 0.31 0.31 0.31 0.36 0.41 0.43 0.46 0.28 

15.05 14.77 14.95 15.41 15.88 15.89 16.3 16.26 15.78 15.91 15.86 14.7 14.24 14.1 13.53 13.9 14.49 14.13 1536 1535 15.2 14.87 13.51 13.63 14.12 14.02 

   4.49  4.46  4.43       4.19  2.76  3.59  3.34  3.87  3.48   2.58  2.62  2.68   2.60  3.66  4.35  2.48  

0.07 0.07 0.07 0.07 0.08 0.08 0.12 0.12 0.084 0.102 0.069 0.08 0.05 0.06 0.05 0.06 0.05 0.07 0.05 0.05 0.06 0.07 0.05 0.05 0.06 0.03 

1.09 1.11 1.22 2.09 1.96 1.95 1.37 1.38 2.15 3.07 1.44 1.39 1.56 1.05 0.87 1.11 0.99 0.97 0.75 0.77 0.78 1.06 0.99 1.3 1.34 0.64 

2.96 2.95 3.22 4.28 4.53 4.53 4.59 4.57 4.77 5.12 3.73 3.55 2.56 3.01 2.72 2.88 3.18 2.69 2.74 2.66 2.75 2.55 2.34 3.23 3.34 1.97 



49 
 
 

49 
 

3.43 3.21 3.15 2.98 2.91 2.92 3.11 3.12 2.97 2.84 3.03 3.3 2.59 3.36 3.14 3.12 2.97 3.66 3.59 3.51 3.52 3.53 2.78 2.68 3.06 2.87 

3.82 3.74 3.67 3.55 3.34 3.36 3.5 3.49 3.31 2.93 3.76 2.55 4.74 4.22 4.29 4.03 4.28 3.57 3.62 3.73 3.55 3.74 4.36 3.93 4.31 4.5 

0.09 0.08 0.08 0.11 0.11 0.1 0.16 0.15 0.113 0.15 0.101 0.1 0.05 0.07 0.05 0.06 0.06 0.07 0.09 0.09 0.1 0.09 0.07 0.06 0.08 0.06 

1.63 1.28 1.19 0.61 0.44 0.44 1.62 1.66 0.49 0.95 0.95 0.68 0.95 0.76 0.59 0.5 0.69 0.39 0.55 0.55 0.61 0.89 1.22 0.73 0.89 0.71 

100.0

2  
99.54  99.54  99.62  99.62  99.52  

100.5

4  

100.4

1  
99.87 99.87 99.87 99.62  99.62  

100.6

3  

100.0

3  
99.25  99.72  99.67  

100.0

9  

100.2

2  
99.71   99.89  99.18  

100.9

3  
99.34  

        51.6 101 59.9 28.9              94.18 

   2.55 2.12 2.15   2.28 2.28 2.32        1.2 1.13 1.38     2.69 

6.09 6.95 7.35 11.9 11.4 11.6 8.68 8.65 15.1 17.8 12.2 7.95       2.42 2.42 3.18     3.55 

29.59 29.66 33.41 78 74 74.7 47.44 47.62 98.1 80.4 45.8  55      27.5 29.4 2940     19.21 

6.41 8.16 7.27 120 91.6 93.2 9.41 10 13.7 16 9.6 7.4       107 136 103     5 

8.37 9.67 8.84 10 7.66 7.77 5.7 5.75 8.62 29.8 5.43 2.34       2.2 2.04 2.25     13.43 

   5 2.94 2.97   7.13 17.9 5.29   3.75 108 6.85 4.26 5.19 5.14 3.62 3.8  8.48 8.42 6.83 3.56 

   42.9 50 50.9   59.3 70.7 55.5   37.8 41.5 42.9 36.5 56.9 39 39.1 41.5  35.7 44.8 50 24.54 

   16.2 17.4 17.7   20.3 18.6 21.4 15.8 16.2      14.7 14.6 16     14.82 

185.6

1 

202.6

9 

196.0

6 
173.5 192 195 

228.0

6 

227.4

7 
109 157 121 74.2 258 189 197 199 180 253 91.7 94.6 106 134.5 222.4 162 179 

190.2

2 

261.8

7 

225.0

1 
226.7 278 276 281 

287.5

4 

283.6

6 
265 282 233 177 160.5 172.4 164.3 160.7 198.1 181.1 270 268 280 234.1 159.3 200.9 188.9 

188.7

1 

18.79 19.54 19.15 22.6 23.4 23.7 27.95 27.61 26.5 21.9 23.7 18.3 21.7 15.5 22.7 22.3 21.6  11.2 11.2 14.1 18.27 44.04 17.9 19.9 31.72 

10.76 10.01 10.16 12.1 11.6 11.8 8.33 11.93 13.4 11.1 11.7 8.47 8.3 11.4 11.8 12.3 12.3 13.8 8.29 8.65 9.49 12.24 19.1 13.5 11.9 13.43 

26.34 39.53 44.75 29.66 22.1 22.9 14.99 15.11 25.5 110 21.9 5.59 80      6.08 3.93 2.02     7.12 



50 
 
 

50 
 

20.84 25.17 26.33 26.55 23.2 23.6 25.17 24.79 7.19 28.6 12.2  30.6      4.03 4.52 4.59     14.6 

574.4

7 

562.1

3 

548.5

6 
522.7 470 482 

541.8

1 

529.5

7 
475 402 532 554 379      1134 1179 1165 770.1    

378.9

5 

41.02 33.76 29.18 25.4 24.5 21.7 57.38 59.45 33.6 35.2 43.2 31.8 38.1 18.6 24.6 29.8 32.7 24.5 44.4 51.1 68.9 38.39 44.59 38.1 35.3 43.32 

78.25 65.38 58.18 53.4 50.2 46.1 
109.2

2 

113.8

5 
68.6 67.3 90.3 53.2 80.2 41.21 48.76 59.57 60.08 47.43 71.1 82.6 99.8 69.13 102.6 73.34 68.34 86.51 

8.11 6.83 6.16 5.75 5.54 5.28 11.8 12.31 7 7.68 8.95 6.18 7.58 4.35 5.83 6.72 7.54 5.41 6.64 7.46 9.27 6.85 11.31 8.51 7.75 6.46 

27.31 24.3 22.71 22.4 20.7 20.1 40.89 42.69 27.5 29.5 33.7 21.1 24.5 18.92 24.42 28.6 31.57 22.22 21.9 24.1 28.5 23.1 41.98 34.76 31.57 29.38 

4.64 4.48 4.3 4.36 4.14 4.13 6.95 7.15 5.09 5.38 5.59 3.64 4.65 4.37 5.31 5.75 5.86 4.55 3.03 3.2 3.87 3.71 9.18 6.51 6.02 4.38 

0.87 0.81 0.73 0.89 0.92 0.92 1.05 1.06 1.12 1.08 1.16 0.86 0.63 0.79 0.67 0.65 0.73 0.63 0.86 0.92 1.01 0.89 0.92 0.61 0.78 0.63 

3.78 3.91 3.67 4.21 3.97 3.94 5.33 5.42 4.61 4.5 4.99 3.36 3.75 3.85 4.74 4.8 4.82 4.13 2.39 2.57 3.38 3.41 8.22 5.43 5.08 4.22 

0.56 0.59 0.58 0.65 0.6 0.6 0.86 0.86 0.77 0.75 0.78 0.53 0.53 0.69 0.64 0.67 0.63 0.59 0.32 0.34 0.4 0.56 1.37 0.65 0.66 0.61 

3.17 3.33 3.17 3.72 3.67 3.62 4.55 4.54 4.75 3.93 4.45 3.18 3.35 4.11 3.97 3.98 3.76 3.531 1.74 1.85 2.13 3.08 8.33 3.67 3.84 3.69 

0.64 0.63 0.67 0.79 0.79 0.8 0.87 0.86 0.94 0.75 0.87 0.68 0.66 0.85 0.83 0.81 0.77 0.76 0.36 0.38 0.43 0.64 1.64 0.72 0.78 0.74 

1.72 1.84 1.81 2.15 2.26 2.3 2.66 2.66 2.68 2.2 2.45 1.98 1.9 2.48 2.56 2.43 2.17 2.27 1.01 1.08 1.31 1.99 4.44 2.08 2.22 2.27 

0.28 0.27 0.28 0.35 0.34 0.34 0.38 0.38 0.43 0.34 0.39 0.31 0.29 0.47 0.5 0.45 0.4 0.44 0.17 0.18 0.19 0.34 0.74 0.39 0.41 0.35 

1.78 1.73 1.65 2.47 2.4 2.36 2.28 2.26 2.91 2.29 2.5 2.07 2.01 2.73 2.85 2.58 2.14 2.58 1.11 1.16 1.39 2.4 4.41 2.16 2.23 2.4 

0.29 0.28 0.25 0.4 0.36 0.36 0.34 0.33 0.44 0.35 0.38 0.33 0.27 0.41 0.46 0.39 0.32 0.4 0.18 0.18 0.22 0.37 0.73 0.33 0.34 0.39 

3.15 2.82 2.8 5.55 4.9 5.03 6.54 6.2 5.55 4.97 6.04 4.4 4.5 5.12 4.4 4.15 4.57 3.48 3.88 4.1 5.45 6.93 8.57 5.34 4.43 4.47 

1.16 1.2 1.31 1.57 1.46 1.48 0.6 0.99 1.08 0.88 0.96 0.7 1.1 1.35 1.73 1.55 0.62 1.63 0.77 0.81 0.85 0.97 1.5 0.97 0.86 1.37 

29.12 30.27 27.22 18.97 17.9 18.1 21.76 22.11 17.6 9.74 24.1 17.2  30.7 33.5 32.9 23.7 33.6 13.2 14.2 15  21.7 34.9 37.6 22.11 
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51 
 

20.75 16.62 15.83 14.05 17.3 16.1 22.32 25.23 18.1 14 17.1 13.8 27.4      11.4 13 21.3 14.91    23.03 

9 5.61 4.06 1.66 0.93 0.95 2.61 2.74 2.13 2.61 1.19 1.07 3.46      0.92 1.03 1.26 1.3    3.16 

113.0

9 
91.31 92.76 187 196 202 

252.5

1 

243.6

3 
194 180 211 157 131 128 117 137 147 160 180 176 244 149.7 

194.5

3 
145 160 

211.5

4 

Table S9 (continued) 
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Monz

ogran
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Monz

ogran
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Monz

ogran
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Monz

ogran
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Monz

ograni

te 

Monz

ogran
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Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Monz

ogran

ite 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Qiluo

shan 

Chah

annuo 

Shaile

fegoul

ei 

Chah

anhe 

Chah

anhe 

Near 

the 

town 

of 

Chak

a 

Near 

the 

town 

of 

Chak

a 

Near 

the 

town 

of 

Chak

a 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Gong

he 

Basin 

(Qiab

uqia 

HDR) 

Xiang

pisha

n 

Xiang

pisha

n 

Dangj

iasi 

Dangj

iasi 

Dangj

iasi 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Zhan

g 

Yong

ming 

et al., 

2017 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Wu 

Cailai 

et al., 

2019 

Wu 

Cailai 

et al., 

2019 

Wu 

Cailai 

et al., 

2019 

Wu 

Cailai 

et al., 

2019 

Wu 

Cailai 

et al., 

2019 

Zeng 

et al., 

2018 

Zeng 

et al., 

2018 

Zeng 

et al., 

2018 

Chen 

Xijie 

et al., 

2020 

Chen 

Xijie 

et al., 

2020 

Zou 

Fengh

ui et 

al., 

2022b 

Zou 

Fengh

ui et 

al., 

2022b 

Zou 

Fengh

ui et 

al., 

2022a 

Zou 

Fengh

ui et 

al., 

2022a 

Zou 

Fengh

ui et 

al., 

2022a 

   
241.0 

±2.6 

           
240 ± 

2 Ma 

269.8

±1.7 

  
236.5 

± 1.7 

 - 
256.7

±3.6 

 
253.9 

± 2.6 

 

TK82

/1 

TK83

/1 

TK83

/2 

TK85

/1 

TK87

/1 

TK90

/1 

TK91

/1 

TK92

/1 

18GH

-05 

18GH

-06 

18GH

-03 

CL05

-81 

CL05

-86 

CL05

-89 

CL05

-91 

CL05

-92 

G853

-2a-D

1 

G853

-2a-D

2 

G853

-2a-D

3 

HGR

1-17-

1 

HGR

1-17-

2 

20CL

162 

20CL

157 

20CL

135-5 

20CL

103-2 

20CL

105-2 
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69.58 70.75 69.86 69.56 71.19 72.37 73.99 71.88 69.64 69.11 69.52 69.97 70.04 69.88 68.96 70.15 70.94  69.68  68.74  68.13 68.23 73.61 72.71 69.31 72.89 71.54 

0.31 0.31 0.37 0.37 0.28 0.29 0.19 0.25 0.22 0.33 0.43 0.4 0.34 0.28 0.37 0.32 0.35  0.39  0.39  0.49 0.5 0.3 0.22 0.35 0.25 0.3 

14.89 14.13 14.51 14.15 13.97 13.69 12.92 14.49 14.39 14.83 14.63 15.28 14.95 15.23 15.77 15.39 14.79  15.01  15.73  15.06 15.14 13.21 13.98 15.09 13.7 13.92 

2.72  2.70  3.20  3.20  2.58  2.48  1.69  2.35          2.57  3.57  3.33         

0.04 0.04 0.05 0.05 0.03 0.04 0.02 0.06 0.04 0.05 0.07 0.06 0.04 0.05 0.07 0.04 0.04  0.07  0.06  0.12 0.12 0.049 0.032 0.053 0.036 0.043 

0.78 0.72 0.87 0.91 0.6 0.66 0.42 0.6 0.54 1.05 1.12 1.11 0.63 1 1.28 0.98 0.85  0.92  1.02  1.26 1.27 0.74 0.36 0.98 0.55 0.64 

2.36 2.24 2.8 2.6 2.22 2.25 1.44 1.67 2.86 1.62 3.05 4.27 2.77 3.06 3.66 3.18 2.78  2.58  2.98  2.44 2.44 2.51 1.23 2.6 1.55 1.79 

2.84 3.62 4.46 3.22 4.27 2.78 2.98 3.18 3.11 3.64 2.92 3.54 3.8 3.45 2.98 3.58 3.40  3.37  3.28  3.71 3.74 2.7 2.95 3.06 3.07 3.52 

4.69 4.32 3.54 3.78 4.07 3.92 4.23 4.73 5.36 4.26 3.89 1.62 3.52 3.76 3.05 3.04 3.02  3.31  3.71  2.78 2.8 3.88 5.93 3.89 4.62 4.86 

0.06 0.05 0.06 0.07 0.05 0.05 0.05 0.06 0.09 0.07 0.11 0.12 0.1 0.06 0.12 0.07 0.08  0.09  0.09  0.14 0.14 0.057 0.109 0.077 0.049 0.058 

0.56 0.68 0.93 2.04 0.58 0.67 0.69 0.63 1.66 2.17 0.67 0.25 0.17 0.17 0.61 0.01 0.69  0.63  0.67  2.15 2.09 0.45 0.75 1.49 1.07 0.76 

98.83  99.56  
100.6

5  
99.95  99.84  99.20  98.62  99.90  99.88  99.94  

100.0

2  
96.62  96.36  96.94  96.87  96.76  99.50  99.61  99.99  

100.3

5  

100.5

5  
99.9 99.93 99.91 99.91 99.88 

77.75 86.88 
105.1

2 
88.4 82.32 58.61 96.77 

143.8

8 

             53.9 51.9 62.7 40.9 43.9 

2.03 1.69 2.23 2.48 2.56 2.06 2.93 2.88              2.48 3.04 3.08 2.98 1.77 

8.67 8.04 10.46 9.9 6.65 6.59 1.19 3.09 5.39 6.24 7.55 2.21 3.75 5.38 6.37 4.68 4.81  6.01  4.80  6.56 6.09 8 8.22 11.8 10.6 12.1 

20.9 18.74 23.02 23.57 16.01 16.75 12.61 17.92 15.72 24.86 30.78      19.3  26.1  24.1  40.52 37.66 23.8 12.5 28.8 14.7 13.8 

4.94 4.61 5.34 5.38 3.86 4.82 2.66 3.58 3.15 5.62 6.33 4.58 3.08 4.61 4.9 4.73 4.20  4.16  4.46  7.78 7.29 4.8 2.32 7.11 2.64 3.51 

12.79 13.62 13.15 15.49 14.45 14.38 15.74 15.19 2.6 3.97 4.71 2.95 2.43 4.28 4.9 4.54 2.52  1.69  2.24  4.84 4.6 3.39 1.98 3.83 2.37 2.77 

2.54 3.24 9.48 12.36 2.31 9.4 1.72 0.75    5.9 4.9 4.5 21.6 20.5 24.2  10.7  6.16    4.88 4.06 4.59 6.75 4.8 



53 
 
 

53 
 

36.59 40.62 49.3 39.63 42.73 38.35 21.35 38.79    47.8 44.8 34.6 49.4 32.8 35.4  39.0  39.1    44.6 38.3 43.5 29.8 35.8 

16.53 15.85 17.52 16.87 16.92 15.65 13.81 15.63    16 17 15 19 15.8 15.7  16.6  16.5    16.3 17 18.2 16.6 17.8 

204.3

5 

160.6

6 

159.9

9 

180.6

4 

221.0

9 

171.8

9 

217.8

7 

251.2

7 

242.8

2 

205.8

5 
169.2 49 74.1 108 103 100 98.5  126  134  

224.1

9 

209.6

7 
183 358 131 220 186 

185.3

3 
179.7 

195.6

2 

293.7

2 

150.8

2 

172.0

4 
152.1 

173.8

1 

111.7

4 

177.7

2 

273.2

9 
192 275 179 202 222 199  204  208  349.3 

325.2

4 
180 97.3 207 114 177 

38.47 32.43 42.66 44.48 49.06 32.28 24.39 29.13 22.7 15.19 19.67 18.4 19.7 15.9 21.3 13 13.0  20.2  17.5  23.35 21.57 22.1 20.8 24 29 28.7 

13.12 13.23 16.51 15.11 15.47 11.97 11.33 15.23 11.12 10.2 12.14 7.96 8.69 7.24 11 8.08 12.1  11.3  12.5  12.22 12.29 10.1 16.9 9.16 11 11.9 

9.62 12.97 10.47 11.05 7.7 8.65 3.81 5.56 5.22 9.31 9.86 4.9 5.5 11.5 11.4 9.6 4.59  5.17  11.3  9.89 9.25 8.15 6.84 13.7 11.5 13.8 

12.87 7.84 9.18 8.5 14.82 11.36 14.95 30.21 13.91 20.07 27.24 1.2 1.5 3.01 2.34 4.35 1.57  2.21  2.32  20.06 18.56 7.28 26.2 11.9 15.2 10.6 

568.1

3 

575.0

8 

347.0

7 

540.5

3 

368.0

1 

380.1

1 
224.3 

273.3

7 

353.3

8 

539.5

4 

551.4

7 
521 1723 482 791 508 778  802  1143  

347.6

7 

322.3

6 
546 258 349 464 622 

53.74 39.49 48.75 38.95 44.03 44.47 32.37 33.52 35.41 32.67 40.61 31.7 61.3 20.4 48.7 36.9 41.5  44.0  37.0  44.55 39.67 35.2 35.3 23.6 36.7 37.4 

114.6

1 
81.83 

108.6

6 
83.24 94.25 93.6 69.39 68.66 72.6 66.61 76.57 55.4 102 36.9 91.9 61.3 73.7  77.7  61.3  86.43 77 62.1 78.9 50.4 74.7 84.7 

8.63 6.33 8.04 6.49 7.42 6.86 4.97 5.03 7.97 7.13 8.02 5.37 9.31 3.88 9.36 5.43 7.26  7.77  6.06  9.34 8.26 6.67 8.3 5.36 8.26 8.43 

41.39 31.09 38.73 32.17 36.2 32.93 22.28 23.05 28.05 24.55 26.82 17.9 28.9 13.3 32.4 16.5 24.2  26.1  20.1  32.63 28.95 24.9 31.9 21 31.4 31 

6.15 4.89 5.97 5.33 5.96 4.84 3.24 3.6 5.68 4.25 4.55 2.52 3.88 2.55 5.33 2.59 3.53  4.24  3.23  5.58 4.99 4.29 6.54 4.37 6.12 5.85 

0.79 0.78 0.76 0.79 0.65 0.7 0.46 0.51 0.61 0.81 0.99 0.91 1.03 0.65 1.03 0.66 0.72  0.80  0.72  0.89 0.82 0.87 0.58 0.83 0.67 0.94 

5.84 4.79 6.06 5.68 6.17 4.7 2.95 3.44 4.52 3.14 3.95 2.26 3.22 2.57 4.83 2.43 2.90  3.90  3.03  4.27 3.84 3.91 5.38 4.04 5.17 5.32 

0.85 0.72 0.92 0.9 0.95 0.68 0.44 0.52 0.69 0.49 0.6 0.27 0.37 0.4 0.68 0.37 0.41  0.62  0.50  0.68 0.62 0.63 0.86 0.74 0.91 0.92 

4.89 4.2 5.49 5.43 5.93 4.06 2.62 3.15 4.03 2.78 3.48 1.41 1.77 2.43 3.76 2.06 2.31  3.70  2.99  3.62 3.35 3.81 4.62 4.63 5.04 5.11 
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0.95 0.82 1.09 1.11 1.19 0.81 0.53 0.64 0.71 0.52 0.65 0.27 0.34 0.5 0.71 0.41 0.48  0.76  0.64  0.71 0.65 0.78 0.79 0.91 0.98 1.01 

2.8 2.35 3.13 3.29 3.54 2.39 1.65 2.07 1.98 1.46 1.82 0.88 1.12 1.65 2.19 1.33 1.42  2.20  1.88  2.29 2.09 2.25 2.07 2.56 2.89 2.96 

0.37 0.32 0.43 0.48 0.51 0.34 0.26 0.32 0.3 0.24 0.28 0.14 0.15 0.25 0.31 0.2 0.22  0.34  0.31  0.34 0.31 0.38 0.31 0.42 0.45 0.46 

2.53 2.04 2.75 3.25 3.35 2.16 1.84 2.27 1.92 1.35 1.95 0.92 1.03 1.82 2.03 1.44 1.54  2.25  2.10  2.08 1.91 2.55 1.91 2.69 3.02 3.06 

0.38 0.31 0.42 0.47 0.51 0.32 0.29 0.35 0.29 0.19 0.29 0.16 0.17 0.3 0.31 0.24 0.25  0.35  0.34  0.32 0.3 0.39 0.27 0.4 0.45 0.47 

4.45 4.31 5.34 4.71 4.44 4.45 3.69 3.92 3.28 3.64 5.08 3.4 4.88 2.97 3.86 3.6 5.63  5.17  6.23  6.48 5.59 4.13 4.32 4.65 4.69 5.72 

0.77 0.57 0.86 0.97 1.05 0.7 1.56 1.82 1.15 0.87 1.02 0.43 0.35 0.94 1.04 0.88 1.18  0.83  0.88  1.22 1.27 1.25 2.26 1.03 1.22 0.92 

22.71 22.64 22 20.69 22.35 20.46 25.65 32.91 40.99 27.21 22.43 11.6 15.2 20.7 17.5 12.5 8.99  10.0  10.1  19.36 17.83 28.2 49.1 30.9 22.5 28.1 

20.07 12.36 15.05 13.54 22.92 16.38 21.39 25.64 24.78 16.71 18.07 6.51 18 15.6 15.3 18.7 20.4  18.3  14.8  19.74 18.06 18.6 31.5 16.4 18.2 17.7 

1.18 0.98 1.17 1.31 2.01 1.13 2.27 2.62 8.53 3.56 4.14 0.52 0.69 1.02 1.64 1.25 2.95  1.54  1.56  3.42 4.44 1.97 4.79 1.19 1.57 1.37 
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215±1.

2 

   
243.5±

2.9 

  
254 ± 3 

Ma 

248 ± 2 

Ma 

244 ± 3 

Ma 

  
268.8±

1.5 

      

20CL10

5-5 

20CL13

1-2 

D5516

GS1 

ZW06-

3 

ZW06-

3-1 

ZW06-

3-2 

ZW06-

3-3 

D5628

GS1 

D5777

GS1 

D5093

GS1 

CL99-5

6 

CL05-8

5 

CL05-9

3 

CL05-9

0 

CL05-9

1-6 

G853-2

-N 

G853-2

-D1 

G853-2

-D2 

G853-2

-D3 

20CL1

00-2 

20CL1

02-2 

20CL1

07-2 

71.24 71.97 77.01 79.32 79.2 77.88 78.29 74.75 77 74.87 75.62 74.77 77.69 73.37 77.32 74.29  74.38  74.40  74.04  73.98 75.91 74.02 

0.34 0.37 0.13 0.05 0.05 0.05 0.05 0.19 0.05 0.15 0.1 0.31 0.13 0.28 0.04 0.19  0.19  0.18  0.20  0.21 0.09 0.23 

13.79 14.18 11.78 11.59 11.61 12.33 12.14 12.51 12.27 12.21 12.79 12.85 12.3 13.23 12.99 13.83  13.81  13.70  13.79  13.45 13.03 13.18 

  1.83  0.79  0.83  0.96  0.90  2.66  1.52  2.14       1.82  1.78  1.82  1.88     

0.047 0.043 0.03 0.05 0.06 0.06 0.06 0.04 0.02 0.03 0.06 0.06 0.02 0.02 0.05 0.03  0.03  0.03  0.03  0.03 0.02 0.052 

0.73 0.77 0.32 0.07 0.08 0.07 0.06 0.36 0.15 0.3 0.23 0.53 0.19 0.37 0.15 0.30  0.35  0.35  0.36  0.5 0.19 0.55 

2.1 2.85 1.58 0.37 0.37 0.4 0.5 1.54 1.23 1.61 0.81 1.68 0.97 0.52 0.56 1.32  1.39  1.28  1.34  1.75 1.31 1.72 

3.39 3.16 2.6 3.41 3.4 3.65 3.55 3.51 3.02 2.78 3.65 3.38 3.3 3.67 3.58 3.12  3.21  3.08  3.26  2.74 2.8 3.16 

4.15 3.06 4.72 4.24 4.24 4.42 4.36 4.79 5.09 5.58 4.54 4.19 4.61 5.11 4.79 4.31  4.29  4.44  4.17  4.98 5.18 4.28 

0.068 0.067 0.02 0.01 0.01 0.01 0.01 0.03 0.01 0.02 0.03 0.09 0.03 0.05 0.01 0.03  0.03  0.03  0.03  0.035 0.019 0.06 

1.03 0.78 0.1 0.26 0.39 0.32 0.41 0.46 0.15 0.08 0.21 0.1 0.13 0.67 0.04 0.39  0.44  0.56  0.41  0.52 0.5 0.63 

99.9 99.92 100.13  100.16  100.24  100.15  100.33  100.84  100.51  99.76  98.04  97.96  99.37  97.29  99.53  99.64  99.90  99.87  99.51  99.9 99.97 99.94 

52.4 60.6                  55.3 28.3 78 

2.7 2.94  4.95 4.92 6.56 6.27             2.56 2.06 3.83 

12.8 7.88  1.75 2.13 2.38 2.46    1.1 2.97 1.61 3.68 1.73 2.69  2.74  2.69  2.88  8.27 4.54 7.19 

19.1 23.6  2.6 2.59 1.13 0.82         9.18  8.39  10.7  8.18  12.1 6.57 16.6 

4.79 5.58  167 218 118.34 155.39    0.6 2.75 0.95 2.29 0.42 1.45  1.34  1.52  1.55  2.91 1.19 2.96 
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3.71 3.59  4.98 1.72 1.51 1.39    3.9 2.19 1.06 1.18 0.85 0.83  0.78  1.28  1.01  2.93 1.12 2.39 

5.1 4.11 9.74 2.11 1.85 0.74 0.54 4.17 12 78 5.1 3.8 4.16 5.1 4.05 4.21  2.89  1.64  4.59  4.1 5.75 9.09 

41.7 38.3 50.4 23.6 28.8 28.76 25.03 42.4 18.7 20.5 26 39.6 19.7 58.2 14 22.6  21.6  31.1  23.1  31.8 20.3 33.7 

20.3 19.5  15.7 16.3 18.03 17.28    15.2 16.3 13.4 24.9 13.5 13.9  13.6  13.7  13.9  15.8 13.7 16.2 

182 144 242 361 362 427.8 421.07 202 310 224 166 192 191 173 175 168  150  168  160  213 207 227 

228 183 108 12 12.5 10.6 10.67 112.3 54 105.1 173 218 216 59.8 193 118  114  104  114  125 88.3 132 

40.6 21.3 23.11 38.6 48.1 57.72 52.09 25 23.9 24.6 18.9 26.9 15.7 66.1 19.9 12.8  11.2  12.4  15.2  29 15.7 20.8 

14.3 11.9 7.4 27.6 31.3 46.78 42.11 15.5 12.2 11.6 11.6 12.4 13.5 24.7 7.5 10.1  10.2  10.4  11.4  9.5 5.84 11.2 

15.2 15  29.9 3.03 0.72 0.48    8.9 6.6 5.4 6 4.9 5.03  4.16  3.53  3.57  10.4 6.33 11.7 

15.8 15.2  4.81 4.74 5.71 5.65    0.02 7.99 4.27 1.5 4.75 2.01  1.89  1.66  1.92  14.4 13.3 21.1 

407 329  11.6 11.5 18.64 15.23    711 255 207 250 396 954  919  865  881  479 138 202 

36.3 59.8 15.3 7.21 12.6 13.1 8.68 36.9 21.4 35.8 30.6 41.1 22.6 111 17.4 31.2  30.8  33.1  32.4  54.3 21.7 29 

92.6 130 30.8 17.4 29.2 32.22 23.6 74.46 44.88 70.18 58.4 75.9 40.8 218 34.5 48.6  48.3  52.3  50.4  108 47.4 57.4 

8.63 12.9 3.66 2.31 3.58 3.92 3.02 8.28 5.1 7.97 5.8 7.38 4.12 21.9 3.6 4.73  4.66  5.11  4.89  11.7 4.98 6.06 

32.3 46.7 15.29 9.23 13.9 15.16 11.97 35.09 20.9 32.56 18.5 24.8 13.3 71.9 12.1 14.9  14.7  16.1  15.6  40.9 18.3 22 

6.77 6.82 3.32 3.13 4.35 5.21 4.47 7.03 5.03 6.26 3.66 4.69 2.37 13.6 2.66 2.36  2.25  2.48  2.45  6.96 3.41 4.21 

0.81 0.84 0.61 0.042 0.047 0.07 0.06 0.59 0.3 0.6 0.74 0.53 0.35 0.48 0.26 0.41  0.39  0.38  0.39  0.7 0.43 0.52 

6.19 5.8 2.71 3.83 5.06 6.22 5.54 6.05 4.79 5.47 3.51 4.57 2.17 12.5 2.65 2.19  2.01  2.20  2.33  6.01 2.86 3.56 

1.19 0.76 0.48 0.85 1.11 1.28 1.18 0.89 0.66 0.73 0.62 0.73 0.38 2.01 0.47 0.36  0.32  0.34  0.38  0.95 0.47 0.62 

7.1 3.87 2.82 5.93 7.63 8.93 8.21 5.07 4.11 4.37 3.46 4.45 2.38 12 2.94 2.16  1.86  2.08  2.40  4.98 2.52 3.32 
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1.42 0.73 0.59 1.27 1.63 2.01 1.84 1 0.88 0.95 0.61 0.89 0.49 2.3 0.59 0.46  0.39  0.44  0.52  0.97 0.5 0.66 

4.17 2.18 1.71 3.84 4.98 5.85 5.36 2.9 2.68 2.77 2.17 2.77 1.67 7.03 2.01 1.40  1.19  1.32  1.61  2.97 1.53 2.09 

0.66 0.35 0.34 0.64 0.83 0.9 0.82 0.53 0.53 0.52 0.3 0.41 0.27 0.97 0.31 0.24  0.19  0.22  0.27  0.47 0.26 0.36 

4.27 2.31 1.98 4.01 5.07 6.28 5.59 3.05 3.04 2.82 2.2 2.8 1.88 6.02 2.17 1.68  1.38  1.59  1.92  3.29 1.77 2.56 

0.61 0.36 0.3 0.59 0.74 0.88 0.79 0.47 0.48 0.43 0.37 0.43 0.31 0.86 0.35 0.27  0.23  0.26  0.31  0.5 0.28 0.4 

6.13 6.46 3.36 3.1 3.19 3.23 3.32 4.63 4.85 3.71 3.72 4.88 2.69 9.12 2.21 4.84  4.48  4.65  4.99  4.96 2.8 3.81 

1.16 1.34 0.86 2.19 2.5 4.45 3.84 1.61 2.13 1.68 1.26 2.69 2.11 1.43 1.19 1.09  0.93  1.03  1.31  1.12 0.72 1.99 

25.8 23.3 25.8 33.9 36.8 42.25 41.08 32.3 50.5 38.7 24 25.3 20.5 36.6 26.7 14.4  12.8  14.2  13.1  31.7 36.8 31.8 

21 51  30 33.2 48.78 45.6    20 39.5 31.9 42.1 18 22.1  23.8  20.9  21.7  34.6 18.7 27.5 

2.27 3.07  6.21 7.84 8.15 7.77    3.6 2.16 3.56 2.33 2.07 3.08  2.70  2.75  3.08  3.03 1.39 2.77 

200 197 73.7 76.9 78.5 75.25 75.54 149 103 90.5 110 169 86.8 277 48.5 171  160  165  180  139 77.8 114 

Reference (Wu et al., 2019) (Huang et al., 2014) (Zhang et al., 2006) (Ren et al., 2020) Bai et al.,2017(Tian et al., 2018) (Li et al., 2015) (Kong et al., 2019) (Chen et al., 
2020) (Shi et al., 2018) Wang (Wang et al., 2019) (Wang, 2019) (Qiang, 2008) (Hao et al., 2018) (Zhang et al., 2017a; Zhang et al., 2017b) (Zeng et al., 2018; Zou et al., 
2022a; Zou et al., 2022b)  
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