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���� HSP3-6 HSP3-7 HSP3-11 HSP3-13 HSP3-15 HSP3-16 HSP3-19 HSP3-21 HSP3-23 

SiO  43.94 76.2 39.4 28.77 53.5 64.64 32.4 81.37 87.18 

Al O  4.08 1 2.54 2.6 2.49 1.1 2.96 1.09 0.56 

Fe O  15.8 3.11 21.11 27.5 15.22 13.46 34.84 5.91 0.81 

FeO 6 2.5 7.45 10.1 9.1 5.05 14.9 4.45 0.6 

MgO 1.23 0.2 1.43 3.71 1.34 0.5 1.45 0.58 0.093 

CaO 25.58 12.32 24.61 25.43 15.86 12.21 18.03 3.87 6.02 

Na O 0.52 0.19 0.21 0.17 0.096 0.053 0.068 0.079 0.076 

K O 1.1 0.39 1.1 0.68 1.1 0.2 1.26 0.16 0.12 

MnO 0.66 0.27 0.53 0.93 0.34 0.4 0.8 0.38 0.15 

TiO  0.17 <0.004 0.014 0.048 0.043 <0.004 0.005 0.029 0.036 

P O  0.022 0.015 0.016 0.02 0.012 0.012 0.012 0.016 0.019 

LOI 5.45 4.79 7.64 9.35 9.06 7.08 7.92 5.71 3.45 

Total 99.102 �  98.41 99.958 99.101 �  106.725 97.934 95.664 

Ba 4.11 2.11 4.04 10.1 4.25 4.65 6.62 8.66 2.53 

Rb 248 70.9 607 390 786 88.3 654 69.6 22.6 

Sr 16.9 10.5 13.6 99.6 15.2 18 13.1 22.7 18.3 

Y 15.5 85.3 5 3.07 5.51 4.94 4.46 7.26 148 

Zr 58.5 6.15 8.68 20.2 13.6 2.1 12.5 2.82 2.44 

Nb 28.2 0.304 5.23 4.2 6.76 0.885 8.61 0.459 0.864 

Cs 4.43 0.123 14.1 10 19.5 2.21 18.3 0.464 0.041 

La 21.1 28 22.2 9.68 12 8.87 12.7 14.4 38.5 

Ce 53.9 74.7 53.6 21.2 27.3 23 35.2 34.9 95.4 

Pr 6.98 10.8 6.29 2.41 3.43 2.96 4.58 4.06 13 

Nd 24.9 40.6 17.1 6.97 10 9.66 12.2 11.5 50.4 

Sm 6.17 14.2 3.25 1.44 2.79 2.91 2.58 2.62 16.8 

Eu 0.098 0.039 0.068 0.069 0.024 0.013 0.017 0.011 0.018 

Gd 4.02 12.3 1.84 0.794 1.61 1.69 1.33 1.69 16.9 

Tb 0.828 3.09 0.363 0.164 0.44 0.426 0.264 0.369 3.93 

Dy 4.64 19.9 2 0.949 2.83 2.62 1.58 2.12 24.5 

Ho 0.707 3.53 0.304 0.142 0.398 0.382 0.247 0.358 4.29 

Er 2.24 11.7 0.974 0.461 1.34 1.3 0.773 1.12 14.5 

Tm 0.433 2.29 0.197 0.081 0.293 0.272 0.178 0.225 2.59 

Yb 3.25 16.4 1.62 0.69 2.45 2.13 1.52 1.79 18.5 

Lu 0.475 2.49 0.239 0.088 0.368 0.327 0.225 0.27 2.75 

Hf 28.3 14.3 20.3 19.1 20 7.6 14.4 13.3 17.8 

Ta 4.34 0.042 0.181 0.117 3.32 0.015 0.344 0.995 0.371 

Th 6.62 5.65 3.92 1.61 1.67 0.816 1.74 2.99 5.45 

U 6.25 3.65 5.81 3.81 4.15 1.73 3.04 5.38 5.2 

LREE 113.15  168.34  102.51  41.77  55.54  47.41  67.28  67.49  214.12  

HREE 16.59  71.70  7.54  3.37  9.73  9.15  6.12  7.94  87.96  

LREE /HREE 6.82  2.35  13.60  12.40  5.71  5.18  11.00  8.50  2.43  

�REE 129.74  240.04  110.05  45.14  65.27  56.56  73.39  75.43  302.08  

( La/Lu)  4.76 1.21 9.95 11.79 3.49 2.91 6.05 5.72 1.50  

( La/Sm )  2.21 1.27 4.41 4.34 2.78 1.97 3.18 3.55 1.48 

( Gd/Yb)  1.02 0.62 0.94 0.95 0.54 0.66 0.72 0.78 0.76 

�Eu 0.06  0.01  0.08  0.18  0.03  0.02  0.03  0.01  0.003  

�Ce 1.08  1.05  1.10  1.05  1.03  1.10  1.13  1.10  1.04  
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���� HSP3-2 HSP3-3 HSP3-9 HSP3-41 HSP4-7 HSP3-34 HSP3-35 HSP4-11 HSP4-12 

��� ��	�� ��	�� ��	�� ��	�� ��	�� 
�� ���� ���� 
��

SiO  72.73 73.39 76.51 75.23 71.82 4.67 1.06 3.02 1.98 

Al O  13.56 13.2 11.5 12.96 13.28 1.51 0.094 0.25 0.26 

Fe O  2.16 2.42 1.66 0.95 1.1 2.58 0.84 3.42 4.04 

FeO 1.9 2 1.4 0.85 0.8 1.2 0.35 2.5 1.9 

MgO 0.29 0.23 0.42 0.026 0.34 19.48 1.06 3.74 0.89 

CaO 0.9 0.95 1.25 0.7 3.29 31.73 53.86 47.23 53.24 

Na O 2.83 2.59 0.3 4.71 2.16 0.12 0.053 0.13 0.12 

K O 5.15 4.81 4.5 5.08 7.22 0.4 0.023 0.026 0.031 

MnO 0.1 0.11 0.08 0.04 0.02 0.17 0.15 0.21 0.42 

TiO  0.02 0.018 0.018 0.028 0.056 0.068 <0.004 <0.004 0.011 

P O  0.008 0.01 0.01 0.009 0.015 0.013 0.008 0.009 0.009 

LOI 1.96 2.01 3.37 <0.10 0.49 38.6 42.33 41.41 38.45 

Total 99.648 99.728 97.648 100.583 100.101 61.941 �  �  62.901 

Ba 4.78 5.04 26 2.31 25.1 4.59 1.73 2.38 3.11 

Rb 1084 921 974 524 465 63.7 3.38 0.56 2.24 

Sr 21.9 22.4 35.6 5.82 31.2 414 154 114 109 

Y 152 133 109 138 40.1 1.48 0.649 2.86 2.05 

Zr 286 256 225 194 280 20.2 1.62 1.61 5.77 

Nb 91.6 93.9 84.2 72.4 45.1 1.18 0.47 0.146 0.14 

Cs 38.5 34.5 26 12 7.25 2.43 0.291 0.159 0.19 

La 19.2 18.3 15.2 15.4 18.2 1.56 0.734 1.75 1.58 

Ce 47.1 44.6 36.7 37.7 38.7 3.19 1.37 3.42 2.86 

Pr 6.66 6.2 5.01 5.32 4.79 0.441 0.191 0.451 0.458 

Nd 27.6 26.3 21 22.7 18.5 1.27 0.542 1.66 1.35 

Sm 10.2 10.4 7.03 8.6 5.07 0.277 0.094 0.316 0.22 

Eu 0.012 0.016 0.013 0.009 0.06 0.048 0.015 0.063 0.102 

Gd 12 11.3 8.49 11.3 4.9 0.285 0.097 0.346 0.292 

Tb 3.01 2.76 2.13 2.81 1.06 0.047 0.015 0.064 0.048 

Dy 20.2 18.6 15.6 18.9 6.68 0.267 0.074 0.434 0.296 

Ho 4.21 3.62 3.33 3.69 1.31 0.046 0.024 0.083 0.063 

Er 14.2 11.8 11.8 12.9 4.16 0.174 0.054 0.285 0.167 

Tm 2.57 2.02 2.33 2.19 0.757 0.031 0.008 0.044 0.021 

Yb 17.6 14.4 15.9 14.9 5.03 0.199 0.075 0.245 0.147 

Lu 2.81 2.25 2.67 2.3 0.873 0.034 0.007 0.042 0.019 

Hf 18.4 17.5 20.4 18.8 10.4 0.598 0.89 0.056 3.78 

Ta 16 18.8 13.5 6.59 4.97 0.087 0.342 0.004 0.152 

Th 42.3 44.3 36.7 42.7 38.3 0.646 0.123 0.058 0.23 

U 29 31.2 23.1 26.2 15.3 1.64 1.09 0.953 2.3 

LREE 110.77  105.82  84.95  89.73  85.32  6.79  2.95  7.66  6.57  

HREE 76.60  66.75  62.25  68.99  24.77  1.08  0.35  1.54  1.05  

LREE /HREE 1.45  1.59  1.36  1.30  3.44  6.27  8.32  4.96  6.24  


REE 339.37  305.57  256.20  296.72  150.19  9.35  3.95  12.06  9.67  

( La/Lu)  0.73 0.87 0.61 0.72 2.23 4.92 11.24 4.47 8.91 

( La/Sm )  1.22 1.14 1.40  1.16 2.32 3.64 5.04 3.58 4.64 

( Gd/Yb)  0.56 0.65 0.44 0.63 0.81 1.18 1.07 1.17 1.64 

�Eu 0.003  0.004  0.01  0.003  0.04  0.52  0.48  0.58  1.23  

�Ce 1.02  1.02  1.03  1.02  0.99  0.93  0.88  0.92  0.81  
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w /(�g.g ) w /(ng.g ) w ( Re)/(µg.g ) w ( Re)/(ng.g ) ����/Ma 
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HSC-28 2.702 0.039 0.0048 0.0008 1.698 0.024 4.427 0.043 156.3 3.0 

HSP-129-11 1.639 0.023 0.0160 0.0006 1.030 0.014 2.701 0.024 157.2 2.9 

HSC-16 8.718 0.092 0.0062 0.0044 5.479 0.058 14.50 0.12 158.7 2.5 

HSC-19 6.113 0.057 0.0015 0.0008 3.842 0.036 10.07 0.09 157.1 2.4 

HSC-25 7.477 0.058 0.0003 0.0015 4.700 0.036 12.48 0.11 159.2 2.3 

HSC-31 7.372 0.087 0.0140 0.0021 4.634 0.054 12.12 0.10 156.8 2.6 

HSC-32 1.241 0.010 0.0118 0.0021 0.7800 0.0061 2.029 0.016 155.9 2.2 
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1 ���
( !) LA-ICPMS ! 161.6"1.1 [21] 

2 ���
(#!) K-Ar 118.4 [22] 

3 ���
($%&) K-Ar 163 [23] 

4 ���
 '() 162*165 [24] 

��������	���
 

�� ���� ���� ���/Ma ���� 

1 +,� Re-Os-./ 154.8"1.9  [25] 

2 +,� Re-Os-./ 157.5±2.1*159.4±3.3  [26] 

3 +,� Re-Os-./ 153.8"4.8  [27] 

5 +,� Re-Os-./ 158.4"1.3 01 
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