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���� 

�� 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

�� 3301 3692 4267 405-2 4910 401-4 404-3 403-4 3304 4312 403-9 403-1 404-3 403-30 

SiO  65.51 70.86 66.97 77.23 70.42 65.95 68.64 63.77 72.44 71.04 68.13 58.73 61.34 61.11 

Al O  15.05 13.64 14.91 9.94 13.47 14.83 14.82 15.49 12.23 13.20 13.68 17.80 17.21 16.02 

Fe O  2.19 1.06 0.94 1.09 0.91 0.53 0.37 1.59 1.41 1.36 1.65 4.30 1.22 1.57 

FeO 3.64 3.87 4.49 3.42 3.93 3.56 3.90 2.55 3.17 3.76 3.25 2.82 5.29 3.91 

CaO 2.26 0.38 0.65 0.28 0.35 0.66 1.12 3.19 0.88 0.40 0.33 1.02 0.26 0.52 

MgO 1.99 1.64 2.15 1.43 1.53 1.72 1.78 2.20 1.44 1.61 1.79 1.95 2.02 2.45 

Na O 1.59 2.38 3.10 1.30 2.97 4.03 4.14 3.66 2.33 2.13 2.06 1.65 2.28 1.71 

K O 3.92 2.47 2.38 1.59 3.12 2.32 2.71 3.05 2.19 2.60 2.32 2.68 3.09 3.16 

TiO  0.82 0.73 0.79 0.61 0.71 0.53 0.58 0.72 0.67 0.72 0.65 0.81 0.96 0.83 

MnO 0.13 0.07 0.06 0.10 0.07 0.05 0.07 0.07 0.13 0.05 0.10 0.12 0.07 0.10 

P O  0.16 0.13 0.19 0.08 0.13 0.16 0.16 0.23 0.12 0.14 0.17 0.19 0.10 0.19 

L.O.I 2.30 2.45 3.06 2.74 2.33 1.56 1.53 3.12 2.68 2.66 3.20 4.48 4.06 4.05 

�	 99.43 99.32 99.70 99.80 99.94 99.90 99.82 99.64 99.57 99.67 97.33 96.55 99.49 99.62 

La 23.50 33.10 49.20 21.10 33.80 37.00 41.60 23.20 36.10 45.20 35.50 34.10 40.20 32.30 

Ce 51.10 75.00 70.80 60.70 72.50 72.00 68.80 52.30 70.20 74.50 65.40 55.60 75.80 71.50 

Pr 6.55 8.10 6.30 6.80 6.05 8.88 6.90 6.94 9.40 7.20 9.20 5.90 8.58 6.41 

Nd 34.40 31.30 30.30 33.90 28.50 37.20 34.10 18.20 30.40 37.10 32.50 26.90 37.30 29.60 

Sm 9.29 6.93 6.40 8.00 7.28 8.56 7.10 4.64 6.70 8.00 7.30 5.30 8.34 8.08 

Eu 2.73 1.19 1.90 2.40 1.32 1.57 1.90 0.76 1.20 1.90 1.90 1.90 1.51 1.14 

Gd 8.82 4.95 5.20 6.80 4.85 6.33 5.60 3.62 5.60 6.90 6.70 3.70 5.91 5.34 

Tb 1.55 0.73 0.60 0.90 0.49 0.98 0.70 0.58 1.40 0.90 1.10 0.40 0.93 0.63 

Dy 8.85 4.56 4.60 6.50 5.35 5.86 4.90 3.56 4.80 6.30 6.30 2.30 5.23 6.37 

Ho 2.45 0.96 0.90 1.40 0.81 1.29 1.00 0.73 1.40 1.30 1.40 0.40 1.14 0.94 

Er 5.75 2.98 2.90 4.10 3.25 3.91 3.10 2.33 2.80 4.10 4.00 1.10 3.41 3.18 

Tm 0.83 0.41 0.50 0.70 0.36 0.52 0.50 0.32 0.60 0.60 0.60 0.20 0.45 0.43 

Yb 4.52 2.72 3.10 4.30 2.78 3.65 3.30 2.20 3.40 4.40 4.00 1.00 3.17 3.07 

Lu 0.67 0.43 0.40 0.50 0.40 0.49 0.40 0.33 0.50 0.50 0.60 0.10 0.43 0.42 

Sc 34.80 12.40 10.80 21.60 7.02 20.7 17.10 13.20 10.30 9.90 11.80 8.20 10.10 6.82 

Y 42.80 23.10 31.60 40.40 30.50 27.80 31.80 18.00 28.40 42.80 38.10 13.10 25.90 29.60 


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


Ba 1190.0 369.0 613.0 416.0 602.0 539.0 623.0 341.0 447.0 549.0 555.0  608.0  354.0  395.0  

Co 15.2 15.3 13.3 20.6 18.6 17.0 18.6 15.1 14.6 10.7 12.3  11.7  13.3  16.8  

Sc 34.8 12.4 11.6 21.8 7.0 20.7 20.4 13.2 10.3 9.9 11.8  5.8  10.1  6.8  

Cr 68.0 63.7 71.4 82.5 90.2 87.0 90.8 114.0 66.6 53.2 46.9  14.6  55.4  61.7  

Ni 34.8 24.2 28.5 44.0 34.8 36.5 46.6 27.4 25.1 22.3 19.1  6.4  20.8  27.0  

Ga 20.9 19.3 19.1 23.8 19.9 24.5 25.1 12.6 20.0 22.8 18.7  22.8  16.2  18.3  

Ge 0.9 1.0 1.4 2.0 1.2 1.3 1.8 1.5 0.5 2.0 2.0  1.6  0.8  1.1  

Rb 185.0 100.0 98.5 108.0 94.1 128.0 145.0 83.2 107.0 94.2 89.3  143.0  106.0  127.0  

Nb 16.2 13.7 16.9 15.5 16.0 15.6 18.0 11.4 13.4 18.5 16.5  9.6  13.7  14.7  

Cs 13.9 6.3 14.9 7.3 6.0 9.2 13.9 20.0 15.4 32.0 28.8  23.4  11.9  19.9  

Hf 6.0 6.8 6.8 5.5 6.6 5.4 5.6 5.9 6.4 8.1 7.5  5.1  7.9  6.3  

V 79.4 95.4 79.9 113.0 109.0 117.0 125.0 92.6 96.2 75.0 72.6  108.0  74.7  81.2  

Sr 240.0 79.7 117.0 197.0 185.0 100.0 132.0 59.1 97.8 207.0 242.0  547.0  124.0  92.4  

Zr 247.0 259.0 257.0 216.0 249.0 216.0 221.0 203.0 252.0 299.0 268.0  188.0  294.0  242.0  

Ta 1.7 1.3 0.9 1.0 1.6 0.5 1.3 1.3 1.5 0.6 1.0  0.6  1.0  0.6  

Th 14.9 12.2 8.7 9.1 9.7 14.6 11.1 9.2 13.2 9.3 7.7  5.9  17.1  14.6  
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�	 15 16 17 18 19 20 21 22 23 24 25 26 27 28 


	 3401 3318 105-2 107-2 101-7 101-5 204-4 204-5 204-3 204-6 204-3 1232 1006 1008 

SiO  72.04 70.43 75.45 65.75 58.51 71.74 58.42 68.93 68.53 68.42 72.41 69.53 67.69 70.72 

Al O  13.48 12.91 10.95 17.62 16.24 17.49 17.59 14.76 13.81 13.44 12.16 13.11 12.28 13.40 

Fe O  0.86 0.82 0.55 0.56 1.28 0.47 0.64 0.79 0.53 0.95 1.44 4.25 0.72 0.90 

FeO 2.36 4.65 3.25 4.04 4.87 0.42 5.23 4.01 3.93 3.11 3.22 1.11 3.75 3.84 

CaO 1.14 0.72 1.00 0.22 1.56 0.08 0.60 0.19 0.53 1.52 0.76 0.18 3.52 0.39 

MgO 1.22 1.65 1.19 1.51 1.91 0.54 1.90 1.11 1.32 1.26 1.15 1.03 1.36 1.89 

Na O 1.53 2.34 2.86 1.64 1.20 0.68 1.96 2.85 2.49 2.13 2.22 1.05 2.79 2.94 

K O 3.48 2.17 1.40 3.71 3.18 2.88 3.39 1.86 2.29 2.72 2.17 2.40 1.90 1.91 

TiO  0.35 0.74 0.58 0.85 0.83 0.86 0.82 0.63 0.62 0.58 0.64 0.70 0.60 0.67 

MnO 0.07 0.10 0.06 0.06 0.11 0.01 0.08 0.08 0.12 0.11 0.07 0.15 0.19 0.15 

P O  0.05 0.18 0.11 0.11 0.87 0.02 0.38 0.08 0.12 0.11 0.13 0.07 0.13 0.12 

L.O.I 3.06 2.97 2.27 3.54 8.37 4.43 3.49 3.05 2.68 3.44 3.06 4.18 4.74 2.72 

�� 99. 50 99.70 99.67 99.61 98.93 99.62 99.50 99.34 96.97 97.83 99.43 99.76 99.67 99.65 

La 53.20 32.00 29.50 34.80 43.10 37.30 28.60 25.10 34.90 39.10 51.30 50.80 27.20 28.80 

Ce 116.0 68.10 57.10 82.70 90.60 69.00 68.40 62.70 54.80 74.10 55.90 70.70 52.40 58.60 

Pr 15.30 7.38 6.36 6.84 11.40 6.84 6.90 7.40 6.70 7.80 4.90 8.00 4.71 5.35 

Nd 60.80 31.80 29.30 34.00 51.00 33.70 36.10 28.60 25.30 28.50 25.50 37.30 27.30 28.00 

Sm 17.70 0.91 5.96 7.59 14.10 7.70 8.60 6.70 6.10 7.00 5.40 7.60 6.18 6.24 

Eu 1.01 1.32 1.40 1.31 2.65 1.39 1.60 2.20 1.50 1.40 1.10 2.70 1.09 1.17 

Gd 13.80 5.60 4.25 5.02 14.70 5.67 8.40 5.40 5.00 4.90 4.50 5.60 4.62 4.35 

Tb 2.53 0.69 0.32 0.40 2.26 0.82 1.10 1.00 0.90 0.90 0.50 0.80 0.22 0.21 

Dy 15.70 4.98 3.78 5.40 14.30 5.69 8.20 5.30 5.00 4.60 4.00 3.90 4.26 4.24 

Ho 3.60 0.94 0.67 0.93 2.90 1.16 1.60 1.10 1.10 1.10 0.70 1.00 0.64 0.65 

Er 10.90 2.99 2.60 3.66 7.36 3.61 4.50 3.00 2.80 2.70 2.40 2.80 2.60 2.52 

Tm 1.45 0.42 0.27 0.38 0.89 0.46 0.70 0.50 0.50 0.50 0.40 0.50 0.28 0.30 

Yb 10.30 2.94 2.49 3.37 5.01 3.26 4.40 2.90 2.90 2.70 2.70 3.20 2.30 2.45 

Lu 1.50 0.41 0.32 0.44 0.70 0.45 0.50 0.40 0.40 0.40 0.30 0.40 0.33 0.37 

Sc 5.59 12.10 8.07 17.10 17.20 14.90 16.70 12.40 11.20 10.60 10.50 13.00 9.75 6.45 

Y 88.80 25.50 19.10 27.30 77.90 27.80 47.70 32.00 30.10 30.30 27.30 28.70 21.20 20.20 


��� 418.1 198.0 171.5 231.2 356.1 219.8 244.0 196.7 189.2 216.6 197.4 237.0 165.1 169.9 

Ba 428.0  449.0  233.0  589.0  837.0  406.0  683.0  347.0  386.0  476.0  379.0  332.0  315.0  366.0  

Co 1.7  14.6  14.3  17.1  14.0  14.0  16.9  13.3  13.0  11.1  15.5  0.0  13.6  17.8  

Sc 5.5  12.1  8.1  17.1  17.2  14.9  13.0  15.4  12.9  9.2  13.2  6.8  9.8  6.5  

Cr 24.0  66.8  54.6  75.8  78.4  66.8  75.7  71.0  55.9  57.7  55.2  0.3  53.5  54.8  

Ni 11.9 23.6  13.6  29.3  38.0  25.0  35.2  22.7  21.5  20.1  23.7  3.9  22.8  23.5  

Ga 25.9  18.2  13.5  25.6  26.5  22.1  25.8  18.6  18.5  17.7  16.8  20.5  16.5  17.7  

Ge 1.0 0.9  1.1  1.5  1.3  1.1  1.7  1.2  1.5  1.5  1.5  1.8  1.1  1.4  

Rb 162.0 93.6  51.9  156.0  132.0  116.0  125.0  72.5  94.2  105.0  90.7  482.0  81.2  79.1  

Nb 32.8  13.9  9.8  16.4  18.8  14.6  18.2  13.9  13.7  13.5  12.3  39.2  10.6  13.0  

Cs 12.9  <6.0 <6.0 12.5  14.1  <6.0 16.4  15.7  6.8  8.6  5.6  32.6  7.1  7.5  

Hf 16.7  8.3  7.4  5.7  5.8  7.1  6.2  6.9  6.1  7.5  6.6  4.5  5.7  6.5  

V 39.7  99.4  74.2  109.0  108.0  97.3  99.3  78.0  83.7  74.2  87.7  24.6  91.4  94.0  

Sr 100.0  120.0  131.0  87.9  222.0  69.3  142.0  106.0  142.0  171.0  142.0  113.0  330.0  83.7  

Zr 627.0  304.0  255.0  223.0  222.0  265.0  247.0  249.0  222.0  279.0  232.0  173.0  203.0  235.0  

Ta 2.0  0.9  1.2  1.7  1.0  2.0  1.4  0.8  1.5  0.7  1.1  3.7  0.6  0.6  

Th 23.10 12.70 9.6 14.3 13.5 12.1 9.1 9.5 11.2 9.7 7.1 52.0 9.9 11.7 
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�� 29 30 31 32 33 34 35 36 37 38 39 40 

�� 101-5-2 101-8-1 101-9-4 101-21 101-24 3109-1 3202 3683 3612 204-45 3159 101-92 

SiO  70.08 64.10 71.67 62.45 64.18 66.81 74.51 70.91 65.43 65.78 74.23 66.38 

Al O  13.03 15.64 12.73 15.39 14.34 15.77 11.49 13.40 16.59 14.66 11.35 16.23 

Fe O  0.86 3.96 1.37 1.22 1.08 0.76 0.42 0.68 0.86 0.77 0.74 0.89 

FeO 3.71 1.62 3.43 4.45 4.39 4.61 4.02 4.31 4.32 4.13 4.42 4.30 

CaO 0.83 0.06 0.52 0.28 0.73 0.21 0.47 0.49 0.76 0.81 0.24 0.35 

MgO 1.20 1.31 1.50 1.72 1.90 2.03 1.57 1.56 1.81 1.48 1.64 2.51 

Na O 2.06 1.02 2.52 1.23 1.88 2.05 2.19 2.41 1.57 2.08 1.79 2.54 

K O 2.28 3.02 2.53 3.66 2.74 3.28 1.81 2.37 3.56 2.84 1.89 2.18 

TiO  0.62 0.68 0.68 0.69 0.67 0.82 0.64 0.72 0.76 0.70 0.70 0.64 

MnO 0.10 0.06 0.08 0.06 0.09 0.06 0.08 0.07 0.06 0.09 0.06 0.28 

P O  0.11 0.08 0.14 0.15 0.11 0.13 0.12 0.14 0.12 0.13 0.11 0.08 

L.O.I 3.12 4.39 2.68 3.24 3.30 3.12 2.36 2.57 3.84 3.20 2.50 3.33 

�	 99.00 99.94 99.7 99.8 99.41 99.65 99.680 99.63 99.68 96.67 99.67 99.71 

La 41.90 36.30 28.80 23.20 25.30 34.10 27.90 29.90 34.60 26.00 30.50 34.70 

Ce 57.10 67.50 59.80 61.40 54.80 69.50 56.50 61.80 79.10 57.80 62.00 69.80 

Pr 5.80 7.00 7.30 6.90 5.50 6.79 7.28 6.98 8.26 5.30 6.72 8.47 

Nd 28.50 35.10 27.10 33.30 27.90 31.40 26.60 29.20 32.5 26.90 28.80 34.90 

Sm 6.10 7.60 5.60 7.30 5.80 6.99 6.67 6.80 7.74 5.60 6.67 8.44 

Eu 1.40 1.90 1.30 1.60 1.20 1.15 1.04 1.18 1.20 1.10 0.98 0.89 

Gd 4.60 5.90 4.50 5.80 4.60 6.16 5.16 5.11 5.90 4.50 4.43 6.64 

Tb 0.60 0.90 0.60 0.80 0.50 0.47 1.12 0.72 0.90 0.50 0.34 1.03 

Dy 4.30 5.80 4.10 5.50 4.30 5.90 4.55 4.57 5.34 4.10 3.94 6.60 

Ho 0.80 1.20 0.80 1.00 0.80 0.89 1.17 0.95 1.11 0.80 0.62 1.42 

Er 2.70 3.70 2.50 3.30 2.80 3.23 2.93 2.83 3.30 2.50 2.48 4.38 

Tm 0.40 0.60 0.40 0.50 0.40 0.37 0.44 0.41 0.49 0.40 0.28 0.57 

Yb 2.90 3.90 2.50 3.40 3.10 3.28 2.58 2.75 3.17 2.80 2.41 4.08 

Lu 0.30 0.40 0.40 0.40 0.40 0.42 0.41 0.43 0.49 0.40 0.36 0.56 

Sc 10.80 15.30 11.00 14.80 13.40 9.50 10.70 12.40 16.20 11.70 2.29 9.47 

Y 22.90 35.10 22.70 32.50 27.20 32.10 23.30 23.70 27.40 26.30 23.80 33.80 


��� 191.1 228.2 179.4 201.7 178.0 212.3 178.4 189.7 227.7 176.7 176.6 225.7 

Ba 368.0 464.0 348.0 460.0 455.0 395.0 239.0 422.0 662.0 392.0 246.0 448.0 

Co 13.3 14.5 16.4 19.5 19.2 14.1 12.7 15.5 15.4 14.7 17.7 16.2 

Sc 9.3 15.5 11.0 14.1 13.1 9.5 10.7 12.4 16.2 12.7 2.3 9.5 

Cr 55.7 62.3 58.8 66.1 62.1 82.5 85.7 65.7 75.8 63.3 119.0 60.7 

Ni 19.4 27.2 20.5 32.7 28.6 33.7 17.9 24.4 31.0 22.7 28.0 32.3 

Ga 14.0 21.6 14.4 22.2 20.1 23.2 15.9 18.5 24.4 18.2 16.1 25.3 

Ge 1.8 2.0 2.0 1.4 1.6 1.1 1.1 0.9 1.3 1.7 1.2 1.3 

Rb 80.9 131.0 86.7 164.0 114.0 152.0 100.0 105.0 162.0 99.6 90.3 97.7 

Nb 11.3 16.4 11.5 16.2 15.0 15.8 12.6 12.9 14.5 13.7 13.7 16.0 

Cs 10.5 13.2 6.4 12.6 9.1 <6.0 17.2 14.0 16.8 9.6 6.1 <6.0 

Hf 7.3 6.3 6.8 6.0 6.5 5.7 7.3 7.1 5.7 6.9 11.0 5.8 

V 80.0 96.5 88.7 97.9 92.3 106.0 78.7 100.0 109.0 97.0 84.0 84.6 

Sr 84.5 61.2 126.0 90.2 95.0 57.0 78.5 125.0 84.4 119.0 67.5 165.0 

Zr 229.0 239.0 233.0 240.0 247.0 222.0 268.0 261.0 223.0 257.0 400.0 208.0 

Ta 0.8 0.5 1.3 0.6 1.0 1.5 1.0 1.4 0.9 1.0 0.7 1.0 

Th 6.0 13.3 6.6 11.9 9.6 16.3 12.5 13.5 15.7 10.2 15.1 15.8 
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