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Type Granite Quartz monzonite/monzodiorite diorite Microdiorite
Sample D10 R15936% DIl D-34 D8 R15933% Sp9
Si02 71.6 7.8 67.82 60.71 67.02 55.35 54.74
Tio2 029 0.08 044 041 042 08 05
AR203 11.8 122 1325 14.57 12.73 15.88 12.86
FeO 1.32 0.95 1.96 6.41 216 7.96 3.40
Fe203 2.64 1.91 391 712 431 11.37 6.81
MnO 0.11 0.02 024 0.13 0.19 0.17 0.25
MgO 102 0.48 165 377 154 486 498
CaO 4.61 1.02 326 6.95 52 63 1113
Na20 35 6.08 443 299 3.67 4.6 2.81
K20 1.37 043 L2 0.8 133 053 0.5
P205 0.06 0.01 0.09 0.09 0.1 0.15 0.07
AICNK 076 0.99 092 0.79 075 081 051
A/NK 1.64 116 1.56 252 1.70 1.95 249
Na20/K20 2.55 14.14 3.96 3.74 276 8.68 5.62
Type Granodiorite
Sample sS4l P17 D6 5523 DI2 D33 D37 54 Ss8
Si02 7293 724 70.6 70.96 7168 733 7259 7347 738
TiO2 0.24 029 032 0.32 032 0.24 0.24 0.28 026
ALR03 13.7 123 11.9 14.12 11.84 132 13.03 1333 13.86
FeO 222 1.38 151 2.87 1.52 2.09 2.69 24 217
Fe203 37 2.77 3.01 4.79 3.04 232 2.99 399 3.61
MnO 0.05 0.09 [ 0.08 ol 0.04 0.04 0.07 0.03
MgO 0.92 0.87 0.94 1.23 0.98 0.99 0.66 0.98 0.87
CaO 33 4.16 483 4.02 4.89 3.01 2.85 285 262
Na20 3.74 338 4.51 3.93 3.86 373 3.87 4.01 5.03
K20 1.38 1.24 1.06 05 0.35 1.62 0.95 0.94 038
205 0.05 0.06 0.06 0.07 0.07 0.05 0.06 0.04 0.06
A/CNK 1.00 0.85 0.69 0.99 0.76 0.99 1.04 1.04 1.03
A/NK 1.79 178 1.39 2.02 1.76 167 1.76 175 1.60
Na20/K20 271 2.73 425 7.86 11.03 2.30 4.07 427 13.24
RIS936*  RI5933*  SS41  S523  Ss4  Ss8 P17 DS D6 D12 DIl Sp
Ba 169 105 241 135 295 75 207 200 160 113 208 74
Rb 14.1 59 237 4.8 158 3.6 223 233 14.1 22 15 42
Sr 456 1842 128.1 1559 1333 2432 1328 1387 142.3 164.7 161.5 2003
Zr 1253 484 50.8 559 62.8 579 355 @27 50.5 43.6 50.5 20.7
Nb 71 1.6 1 1.1 13 1.7 1 1 1 1.1 13 0.6
Co 13 351 55 82 6 43 48 14 5 38 83 334
La 93 59 42 4 44 57 4.7 5.1 4 5 57 2.6
Ce 189 126 8.8 9 9.7 127 95 11.8 8 111 12.3 5
Pr 25 1.8 1.14 1.25 133 1.77 12 1.73 1.03 1.45 1.71 0.77
Nd 10 8 49 5.6 57 76 55 83 4.3 7.1 8.1 33
Sm 234 228 121155 L6S 213 134 228 135 189 213 109
Eu 0.34 0.79 0.38 0.49 047 0.65 0.49 0.46 0.48 0.59 0.51 0.45
Gd 3.05 2.86 1.48 214 1.97 273 171 2.87 1.49 223 2.53 1.55
Tb 0.63 0.54 0.29 0.42 04 0.53 0.32 0.6 0.28 0.41 05 029
Dy 429 338 1.92 2.79 2.61 348 1.94 371 1.87 2.64 2.81 1.86
Ho 1.02 0.72 0.45 0.62 0.6 0.77 0.51 09 043 0.65 0.7 0.44
Er 323 212 1.4 1.94 1.79 243 1.59 298 1.47 2.01 2.05 131
Tm 0.58 0.34 023 032 031 0.39 023 0.44 023 031 031 0.2
Yb 4.16 2.06 16 2.17 2.11 2.57 1.61 3.17 1.6 211 2.32 1.47
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RIS036*  RI5933*  SS41  S523  Ss4 S8 PI7 DS D6 DI2__ DIl Sp9
T g sl
Lu 0.69 033 0.26 0.36 0.34 0.41 025 0.5 0.28 0.34 0.36 0.21
Y 232 20 13 18.3 182 221 13.4 246 123 17.2 17.1 10.8
Cs 0.3 0.1 03 0.1 0.1 0.1 03 0.1 0.1 0.1 0.1 0.1
Ta 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
ne 46 18 19 2 2 9o 12 15 1 16 16 07
Pb 1.1 0.4 0.9 0.6 23 0.3 1 12 2
Th 113 12 11 L1 1.3 1.2 09 0.9 03 0.4 09 2.6
U 1.6 03 0.4 0.4 0.4 0.4 04 0.4 03 03 03 0.9
Sc 6 31 8 13 9 11 18.9
v < 361 54 7 48 8 21 4 4 4 50 1m
Ga 14.6 16.9 115 12.5 12 125 113 129 10.1 10.6 14.7 12
Rb/Zr 0.1 0.1 0.5 0.1 03 0.1 0.6 0.5 03 0.1 03 0.2
Sr/Y 2.0 92 9.9 8.5 73 11.0 9.9 5.6 11.6 9.6 94 18.5
Ce/Yb 45 6.1 5.5 4.1 4.6 49 59 37 5.0 53 53 34
(La/Yb)n 1.51 1.93 177 1.24 1.41 1.5 1.97 1.08 1.69 1.6 1.66 1.19
(Ce/Ybn 1.18 1.58 1.42 1.07 119 1.28 1.53 0.96 129 1.36 1.37 0.88
(La/Sm)n 25 1.63 2.18 1.62 1.68 1.68 221 1.41 1.86 1.66 1.68 15
EwEu* 0.39 0.95 0.87 0.82 0.8 0.82 0.99 0.55 1.03 0.88 0.67 1.06
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Sam. 544 544 333 333 333 333 333 333 544 544 sM 544 333 33 33

Site-Min. 1-cpxl 2-cpx2 l-cpxl l-cpx3 l-cpxd I-cpx5 d-cpxl 4-cpx2 l-opx2 2-opx2 4-opx2 d-opx3 l-opx2 l-opx3 3-opxl 3-opx2

Sam. 544 544 5-44 3-33 3 3-33 3-33 3-33
Site-Min. 1-ol3 1-old. 1-0l5 2-0l3 2012 2-0l4 3-oll 302
Si0; 39.50 3894 4096 39.97 4059 4032 3983 4038
TiO; 003 002 0.00 001 0.02 0.00 0.00 0.00
ALO; 0.00 0.00 0.01 0.04 0.05 0.03 0.00 003
€no; 0.00 005 0.03 0.00 0.00 0.00 0.00 005
FeO 1472 1471 1574 1628 16.06 1613 1648 1570
MnO 024 028 021 020 019 029 023 015
MgO 4181 4537 43.68 4225 44.48 4296 4335 44.10
€0 0.03 004 0.00 0.01 0.03 0.00 0.04 003
Na,0 007 006 0.00 0.03 0.02 0.00 0.01 001
NiO 019 034 0.34 047 0.40 045 043 027
Total 96.58 99.81 100.98 9927 10184 10019 10037 100.71
si 1.025 0.983 1020 1017 1005 1015 1004 1009
Ti 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.001
cr 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.001
Fe 0320 0310 0328 0346 0333 0.340 0347 0328
Mn 0.005 0.006 0.005 0.004 0.004 0.006 0.005 0.003
Mg 1617 1707 1620 1603 1641 1613 1629 1642
ca 0.001 0.001 0.000 0.000 0.001 0.000 0.001 0.001
Na 0.004 0.003 0.000 0.001 0.001 0.000 0.000 0.000
Ni 0.004 0.007 0.007 0010 0.008 0.009 0.009 0.005
Total 2976 3018 2980 2983 2994 2984 299 2,990
Fo 8328 8437 5299 5204 5298 8234 8222 8322
Fa 1645 1534 1678 1773 1681 1735 1753 1663
Mg# 83.50 8461 8318 5223 83.15 82.60 8242 £3.35

Y Jgaz aaldl
Fe?" 0.116 0.097  0.066  0.101 0.08 0.119 0107 0304 0284 0227 0279 0288 0316 0306 0309
Mn 0.007 0.004  0.001 0.004 0007  0.002 0.002 0008 0006 0005 0.004 0003 0008 0004 0.006
Mg 0.905 0887 0896 0925 0903 0909 0925 1601 1612 1619 1618 1582 1577 1575 1567
oo 0934 0952 0900 0921 0902 0872 0035 0053 0099 0049 0055 0043 0035 0.027
Na 0.005 0005 0.008  0.001 0.004  0.002 0009 0002 0000 0004  0.001 0.001 0002 0.001 0.000
K 0.000 0.001 0.000  0.000  0.001 0.001 0.000  0.001 0.001 0.001 0.000 0000 0000 0002 0002
Total 4.000 4.000 4000 4000 4000 4001 4.000 3995 4000 4011 3.994 3989 3996 3985 3.982
ALV 0.051 0070  0.072 0072 0075 0064 0080 0.033 0.041 0.066  0.033 0038 0039 0029 0034
AlVI 0.041 0034 0025 0031 0025 0036 0027 0034 0031 0000 0035 0048 0037 0052 0054
Wo 47.00 4816 4886 4614 4721 4649 4486 1.79 271 4.92 253 287 223 1.81 142
En 46.58 4572 4599 4742 4629 4683 4760 8221 8243 80.69 8298 8204 81.09 82.07 82.08
Fs 6.43 6.12 5.4 6.44 6.49 6.68 7.53 16.01 14.86 1439 14.49 15.09 16.68 16.12 16.50

Mg# 8861 STI8 9015 9310 9013 9128 8842 8961 8404 8501 8771 8531 8462 8330 8375 8353
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gabbronorite gabbro

Sam. 314 3-13  3-13 3-14 314 314 3-13 3-13 | 574 574 574 5-16 5-16 5-16 5-16  5-16

Site-Min. 4-cpxl 2-cpx2 2-cpx3 S<pxl l-opxl 3-opxl S-opxl 4-opx2 | I-cpxl l-cpx6 2cpxd 3-opx 2-cpx6 2cpx7 2-cpxll 3-opxl3

Sl slacS 3Ll 2yl 53 (0pX) S5 ) 5 (6PX) (S g er5ilS (Lol sl w1 gl S5 Y Jooor

(o3l # 5 038 ¥ ol apfiu dsloe) (ieSs

Sam. 544 544 333 333 333 333 333

333

544 544 544 544 333 333 333 333

Site-Min. 1-cpxl 2cpx2 lcpxl  lcpxd l-cpxd  lcpxS  d-cpxl

4cpr2.

l-opx2_ 2-0px2_4-opx2_4-opx3 l-opx2 l-opx3 3-opxl 3-opx2

S0, 5359 5399 5295 5288 5303 5296 5309
TO, 008 006 010 009 012 004 006
ALO; 214 223 244 226 239 234 23
CnO; 028 045 063 057 051 065 065
FeO 389 444 376 325 402 392 419
MiO 021 009 013 004 011 024 007
Mgo 1670 1695 1632 1648 1709 1666 1675
CaO 2345 2288 2391 2437 2304 2364 2313
NeO 007 012 008 01l 002 006 003
KO 001 001 00 000 00l 001 003
Towl 1004 1012 1003 1000 1006 1005 1004

si 1949 1949 1930 1928 1928 1925 1936
Ti 0002 0002 0003 0003 0003 0001 0002
AL 0092 0095 0005 0097 0102 0100 0100

Cr 0008 0013 0018 0016 0015 0019 0019
Fe' 0002 0000 0018 0033 0021 0033 0.008

53.04
012
253
0.64
47
0.06
17.14
248
012
0.00
1009
1920
0.003
0.108
0.018
0.037

5674 5650 5340 5681 5602 5591 5651 5658
007 003 002 007 009 000 001 006
165 176 155 166 209 183 196 214
031 039 022 026 031 044 037 053
1049 980 941 962 982 1078 1048 1063
026 022 017 013 01l 028 013 021
3099 3L19 3004 3134 3030 3015 3029 3025
094 142 256 133 147 LIS 093 073
002 000 005 001 002 004 002 000
003 003 003 000 000 000 004 005
1015 1014 977 1012 1002 1006 1007 1012
1967 1959 1924 1967 1962 1961 1971 1966
0002 0001 0003 0002 0002 0000 0000 0002
0068 0072 0066 0068 0086 0076 0081  0.08%
0.008 0011 0006 0007 0009 0012 0010 0015
0000 0.000 0057 0000 0000 0000 0000 0000

Si0, 5283 5264 5303 5368 5478 5534 5485 5435 5220 5261 5309 5253 5305 SIS 5301 50.96
TO, 016 018 014 022 004 009 002 010 053 047 045 056 049 045 055 045
ALO; 201 200 182 109 142 146 138 136 226 253 220 229 224 242 249 324
CrO, 042 049 028 027 025 019 023 018 028 029 006 008 009 02 01l 0l
FeO 686 613 663 650 1453 1420 1540 1418 506 532 547 535 543 574 606 572
MrO 012 021 023 015 029 030 036 027 0I5 012 009 008 018 0I5 018 032
MgO 1627 1602 1629 1614 2753 2743 2627 2789 1590 1585 1629 1617 1642 1597 1602 1511

Ca0 2141 2205 2044 2241 161 150 160 132 2260 2253 2230 2262 2262 2265 2250 2123
NaO 012 015 012 012 008 005 002 001 035 034 026 027 029 037 036 030
KO 000 000 001 000 00l 000 000 00l 000 003 004 000 002 000 00l 001
Toal 10030 9997 9999 10057 10055 10057 10023 99.68 9952 10009 10026 9999 10084 10120 10140 9744
si 1938 1937 1951 1966 1956 1973 1975 1954 1926 1927 1941 1925 1927 1929 1920  1.921
Ti 0004 0005 0004 0006 0001 0003 0003 0003 005 0013 0013 0015 0013 0012 0015 0013

Al 0091 0091 0079 0047 0060 0062 0058 0058 0098 0109 0095 0099 009 0103 0106 0144
Cr 0012 0014 0008 0008 0007 0005 0006 0005 0008 0008 0002 0002 0003 0006 0003 0003
Fe'' 0021 0022 0012 0008 0024 0000 0000 0025 0038 0026 0015 0037 0042 0035 0046 0007
Fe' 0090 0166 0192 0191 0410 0423 0463 0401 0021 0137 0152 0128 0123 0140 0141 0173
Mn 0004 0006 0007 0005 0009 0009 001l 0008 0005 0004 0003 0002 0006 0005 0006 0010
Mg 0890 0878 0894 0881 1466 1458 1410 1495 0873 0866 0SS5 0883 0889 0863 0865 0849
Ca 0842 0869 0845 0879 0061 0057 0062 0051 0892 0884 0873 0888 0880 0880 0873 0857
Na 0009 0011 0008 0008 0006 0003 0002 0001 0025 0024 0018 0019 0021 0026 0025 002
K 0000 0000 0001 0000 0001 0000 0.000 0000 0000 0001 0002 0000 0001 0000 0001 0001
Toal 4000 4000 4000 4000 4000 3993 3991 4000 4000 4001 4001 4000 4000 4000 4000  4.000
ALV 0062 0063 0049 0034 0044 0027 0025 0046 0074 0073 0059 0075 0073 0071 0080 0079
AIVI 0029 0028 0030 0013 0016 0034 0033 001l 0024 0037 0035 0024 0023 0032 0026 0065
Wo 4326 4475 4334 4476 302 295  3I8 256 4625 4613 4522 4581 4537 4576 4523 4520
En 4573 4521 4583 4487 7440 7485 7244 7549 4527 4507 4596 4556 4584 4489 4482 4476
Fs 101 1004 1083 1037 2248 2220 2438 2195 848 870 882 864 879 935 995 1004
Mg# 8242 R408 8232 8222 7814 7749 7526 7885 8780 8636 8536 8734 8783 8606 8599  83.05
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gabbronorite gabbro
Sam. 3-14  3-14 3.4 3-13 313 313 3.3 574 574 574 574 5-16  5-16  5-16
Site-Min, 1-pll 1-pl2 2pll 3pl2 33 dpll 4pl3 spl2 2pl5s  2pl2  2pld 2pl6  Spl7 Spis
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SampleNo.  RGI0I _ RGI02 _ RGI03 _ RGIO4  RGIO6 _ RGIOS RG111 RGII2 _ RGIIS __ RGIIT
Wt (%)
Si0, 462 47 466 47 467 466 466 452 467 451
ALO; 20.1 211 205 209 192 208 20 204 21 192
a0 13.6 147 13.6 142 123 135 134 132 143 133
TiO 07 057 0.71 077 0.69 071 071 071 062 0.64
Fe,0* 663 602 65 647 6.08 636 645 637 6 627
K:0 047 027 042 051 084 05 064 062 037 042
Na;0 17 17 16 17 22 21 16 17 16 19
MnO 0.14 011 014 013 0.1 0.12 0.14 011 o011 011
MO 587 534 56 558 621 5.59 5.66 527 557 623
P05 01 0.09 0.09 01 0.09 0.09 0.08 0.09 007 0.08
Cr0s 001 001 0.01 001 002 001 001 001 002 002
LOI 2.67 226 21 239 374 37 2.63 3.29 284 3.66
Sum 9819 99.17 97.87 99.76 98.17 100.08 9792 9697 99.2 9693
Ba 180 90 140 160 240 120 190 170 120 100
St 430 500 430 450 550 480 460 410 480 420
Zn 104 28 70 94 26 45 65 29 38 63
[ 165 16.1 172 157 194 155 181 158 142 145
Cs 06 03 04 05 58 13 08 09 15 06
Cu 32 27 52 55 17 38 31 35 73 2
Dy 171 153 172 178 185 169 188 159 154 16
Er 101 083 103 098 113 101 11 1 093 088
Eu 071 065 0.68 072 0.66 065 068 07 061 064
Ga 15 16 15 16 15 17 16 16 16 15
Gd 206 176 204 201 228 195 209 192 173 183
HE 1 <1 1 1 1 1 2 1 <1 1
Ho 036 031 038 033 039 035 04 034 03 032
La 79 87 88 71 98 78 9.1 82 74 73
Lu 013 011 0.15 013 0.14 013 0.14 013 011 012
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Sample No. RG101 RG102 RG103 RG104 RG106 RG108 RGI111 RG112 RG115 RG117
) Jsoor adlsl

Mo <2 <2 <2 <2 <2 <2 <2 <2 <2
Nb 8 6 9 8 8 7 8 7 6 6

Nd 8.2 77 84 79 95 8.2 9 8.1 7.1 75
Ni 52 49 51 52 57 44 49 52 42 62
Pr 212 1.95 212 1.97 242 2 217 2,01 1.7 1.87
Rb 11 55 89 10.6 28 122 153 143 8.8 9.9
Sm 2 1.6 2.1 2 2.1 2 2 1.9 1.8 1.6
Sn 1 <1 <l <1 1 <1 1 <1 <1 <1

Ta 0.6 <0.5 0.6 0.6 05 <0.5 0.6 05 <0.5 <0.5
™ 031 024 032 031 032 029 032 029 028 027
Th 1.1 1 1.5 1.1 1.5 1 1.6 1.1 0.8 1

Tl <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <05
Tm 0.15 0.13 0.14 0.15 0.15 0.14 0.17 0.13 0.13 0.14
U 0.29 03 0.45 0.29 04 03 0.43 0.32 021 0.29
v 147 148 171 174 165 181 176 163 159 165
w <1 <1 <l 1 <1 <1 2 <l <1 <1

Y 9.7 85 9.8 9.4 10.4 95 103 9.2 82 8.6
Yb 0.9 0.7 0.9 0.9 0.9 0.8 1 0.9 0.8 0.8
Zr 46.8 41 564 46.9 46.9 45.5 65.5 48.6 344 394
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Total 10038 101.02 10094 100.67 100.72
Structural formula based on the 6 Oxygens
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Al 0 0.009 0013 0.007 0.005
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Fe?' 0 0 0 0 0
MMg 1 1 0987 1 0.996
M:Mg 0.019 0 0.019 0015 0.018
M:Ca 0977 0.984 0973 0.989 0982
Sum-cat 4 4 4 4 4
wo 4895 49.14 49.18 49.35 49.22
EN 5105 50.86 50.82 50.66 50.78
FS 0.00 0.00 0.00 0.00 0.00
WEF 100 100 100 100 100
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MnO 0 0.24 0 0 0
MgO 55.65 57.05 56.6 56.05 57.06
Total 99.71 101.26 10045 100.08 1011
Structural formula based on the 4 Oxygens
si 1.007 0994 0.998 1006 0991
Fe* 0.031 0022 0.024 0.028 0026
Mn 0 0.004 0 0 0
Mg 1962 1.98 1978 1966 1.983
Cations 3 3 3 3 3
Fo 98.46 98.84 98.74 98.72 98.56
Fa 1.54 1.16 1.26 1.28 1.44
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5o 9 a3 il GA4B 3Ll ) W gl ymasisad 5 ol e Olodee 5l sy Rocktype  Granodiorite Granodiorite __ Granodiorite | Granite Gramite _Granite _Granite _Granite _Granite | Granite _Granite _Granite
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. L . N . S5 pass | . 5L i
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4, (Janousek Farrow and Erban, 2008) 5l agai YO (sdg—ii glmosg i i
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Sample no. El4 E124 E122 | KF715 KF726 KE73 KF740 KF61l KET1 | AL33  AL34 ALST . o o1 6 w0 s s zz s M 01 e 36
Rocktype  Granodiorite  Granodiorite  Granodiorite | Granite Granite Granite Granite  Granite Granite | Granite Granite Granite . R . 2 N 2 2% R N . » 2 »

Witk Ni 75 73 50 45 42 71 62 50 39 B4 13 62
S0, 6646 6677 6797 6991 6994 7024 TI01  TIT8 7278 6846 7005 7056 as 3 1o 6 s os o6 o6 05 06 20 s 0s
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1=Bio-Px monzonite porphyry 2=Bio granite porphyry
Sample SC-65 SC-76 SC-109 SC-90 SC-77 SC-64 SC-97-2 SC-92
X 598107 595722 590478 594682 595711 598014 593742 594526
Y 3603885 3602237 3599447 3600294 3602343 3603805 3601357 3600411
Rock type 1 1 1 1 1 1 1 1
Wt. %
SiO, 62.88 63.26 61.48 63.90 61.33 6236 63.77 63.18
TiO, 045 0.51 0.58 0.40 051 0.53 045 0.41
ALO; 14.97 14.10 14.73 14.69 14.99 14.79 14.32 14.43
FeOt 517 6.0 6.40 4.68 6.11 6.26 5.34 4.77
MnO 0.10 0.11 0.12 0.11 021 0.10 0.12 0.11
MgO 1.83 207 2.62 1.42 282 227 249 1.47
CaO 3.54 4.49 3.30 291 3.05 4.48 2.54 282
Na,0 315 337 324 430 328 313 348 4.56
K:0 5.62 4.76 5.04 5.03 5.89 455 5.02 5.82
P,0s 021 026 023 0.17 0.26 0.28 0.18 0.18
LOI 123 1.40 1.91 1.90 1.40 1.42 1.63 2.12
Total 99.15 10033 99.65 99.51 99.85 100.17 99.34 99.87
ppm
Ba 646 724 594 787 814 715 852 846
Co 10 13 13 7 13 15 9 7
Cs 5 6 11 4 7 4 6 5
Ga 14 15 15 13 15 15 15 15
Hf 6 5 5 6 5 5 5 6
Nb 22 10 12 12 10 10 12 13
Rb 178 137 181 155 199 138 158 196
Sr 632 778 543 634 609 997 635 576
Ta 08 0.6 08 0.9 0.7 0.7 0.7 0.9
Th 14 11 14 13 12 12 13 14
v 109 137 138 86 152 157 111 98
Zr 221 185 205 216 186 177 213 214
Y 21 21 22 22 22 20 22 23
La 312 325 316 338 320 299 324 337
Ce 622 64.1 63.0 66.1 654 59.8 65.7 674
Pr 7.02 7.30 127 173 752 6.98 7.56 7.83
Nd 279 28.7 28.1 295 28.5 277 277 30.7
Sm 5.03 5.46 5.34 5.78 597 542 541 591
Eu 1.16 137 1.18 1.37 1.41 1.26 1.36 1.42
Gd 4.46 4.90 4.56 4.95 5.05 452 4.79 4.94
Tb 0.65 0.69 0.68 0.73 0.72 0.68 0.71 0.73
Dy 344 3.90 3.64 3.76 397 3.76 4.20 435
Ho 0.70 0.75 0.74 0.75 0.78 0.72 0.81 0.80
Er 2.02 215 2.36 245 236 213 221 249
Tm 031 032 0.34 0.33 033 0.30 033 0.36
Yb 2.14 2.09 241 246 219 216 242 244
Lu 0.35 0.34 0.36 0.38 035 0.35 0.36 0.38
K,0/Na,0 1.78 141 1.55 1.17 1.79 1.45 1.44 127
EwEu* 0.75 0.81 073 0.78 0.79 0.78 0.82 0.80
(La/Yb)N 9.83 10.48 8.84 9.26 9.85 933 9.03 9.31
(Ce/YD)N 7.52 7.93 6.76 6.95 7.72 7.16 7.02 7.15
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Sample TFR50 TR79 HR9% TRES TIR-ST TR-100 TR-101
X 596075 595862 594487 596813 596216 594462 594463
Y 3607479 3607626 3609999 3608138 3607416 3608764 3608720
Rock type 1 1 1 T 1 2 2
Wt. %
S0, 6253 6225 6201 6393 6116 7395 7196 it msatdag (39 (sLnodgs Copiyn -0 S
TiO: 03 055 055 047 0.50 023 023 ] ;
ALOs 14.12 14.89 14.67 1443 14.99 1428 1391 (Middlemost, 1985) 135l Jfogas > sl .
FeOt 584 591 535 501 572 160 149
MnO 0.10 0.14 0.14 0.09 0.09 00 0.01
MgO 234 2.40 211 200 256 024 027 O
a0 3.94 3.8 42 336 375 078 131 0w
Na:0 326 3.40 294 3.04 a1 080 0.54
K:0 5.06 5.19 581 s14 492 6385 869
P.0. 022 023 035 021 021 0.05 0.05
Lol 175 2.00 220 1.87 235 1.83 173 8
Totl 99.60 100.78 10035 99,64 9936 100.61 100.19 A
ppm " 24
Ba 779 773 767 788 72 194 216 B - e
Co 13 12 12 10 I 2 1 o & 8
Cs 7 4 5 6 5 7 7 z *
Ga 16 15 16 15 15 1 12 9 R
HE 5 5 6 5 5 6 7 £ 2 J ¥ -
Nb 1 12 14 13 1 19 21 =) < °]
Rb 152 151 185 158 145 293 355 < 2] s e ‘en
St 1062 1062 398 634 1654 320 322 )
Ta 07 07 08 08 06 Ls 13 8l - 2 M-
T 12 12 19 14 12 31 31 08 08 J8 A e ¥ ” gt o i
v 140 129 109 109 139 27 2 ALONCa0+K,0+Na,0)... BEFe =M T
i’ 12"07 ‘2";’ 2241" 22'23 ‘2“‘; ';? 22": sasiS1az 5, (Maniar and Piccoli, 1989) ANK-A/CNK Jlsges ;3 sl 3,5 Jloh oosiont (55535 slaossi cannisa (A -F S5
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Nd 286 289 363 30.1 267 242 262 Sl D08 4 sloadgidl 5 FoP i pusiaglly o sloaignils <P
Sm 531 534 6.09 540 527 418 429 o g vy I BoPx romomee sovivy
Eu 133 132 144 130 131 0s1 052 T ey T R SO A
Gd 478 453 471 4.67 443 339 3.48 ;
o 0.69 0.69 0.67 0.67 0.6 0.53 053 . 1
Dy 375 3.90 352 371 384 314 332 . ——
Ho 075 072 0.72 0.69 0.68 065 066 %ol v Epe ’ Ol
Er 232 226 212 221 206 207 217 o‘ =
Tm 033 032 031 031 031 036 034 F < 6 .
Yb 221 227 2.10 228 2.08 238 244 3 N -~ -
Lu 034 032 032 035 032 038 041
Ratio Caic-ahsine
KONa:0 155 152 19 6 158 856 16.09 3 : s + o KL : R —
EwEw 081 082 082 0.79 083 041 041 ’ S ¢ . L e 0
(LaYON 9.61 927 165 9.73 9.69 1105 1.63 No,O (wt %
(CerYbN 7.41 7.19 1154 727 7.46 8.16 832 15 il b Lot rasdoss (5558 (slaesgs Cundge A KE (s lad abdon (535 slnesy s Cepmsa -V JS 3
00 ST s mamnlty deaST e )0 padas aeaST oy i (Chung goass 08T Ll 1o eslty 0081 lo5ad 55 020l
(Chappell and White, 2001) Nay0=3% ,5 S 5T g5 (sloigisl 5 etal., 1998)
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Petrography and petrogenesis of intrusive rocks
in the northeast of Nayband, East of Iran

Azadeh Malekzadeh Shafaroudi *, Mohammad Hassan Karimpour
and Akbar Esfandiarpour

Research Center for Ore Deposit of Eastern Iran, Ferdowsi University of Mashhad, Mashhad, Iran

Abstract

The study area is located 50 km northeast of Nayband in the easternmost part of Yazd
province. The area is a portion of the Tertiary volcanic-plutonic rocks in the west of the
Lut block. The geology of the region includes latitic to trachyandesitic lavas, which are
intruded by subvolcanic rocks with monzonitic, syenitic and granitic compositions. The
texture of all the intrusive rocks is porphyric to glomeroporphic. Plagioclase, K-
feldspar, biotite and quartz are the main minerals of biotite quartz monzonite porphyry,
biotite syenite porphyry and biotite granite porphyry. Clinopyroxene, besides these
minerals is present in biotite-pyroxene monzonite porphyry. Based on geochemical
studies, the biotite-pyroxene monzonite porphyry shows metaluminous and shoshonitic
nature. This rock belongs to the magnetite series (oxidized) granitoid and is allocated to
I-type. The relative enrichment of LREE versus HREE and enrichment of LILE and
HFSE impoverishment indicate magma formed in subduction zone. The magma exhibits
low degree of partial melting (>0.1 to <3) from a garnet-spinel lherzolite source, which
is contaminated by continental crust. The biotite granite porphyry is peraluminous and
ultrapotassic. The rock belongs to ilmenite series (reduced) granitoid and is related to S-
type. Based on Nb, Yb, Rb, Y and Ta contents, the magma formed in syn-collisional
tectonic setting. The granitic magma is generated by partial melting of continental crust
and clay-poor sediments source. The relative enrichment of LREE and depletion of
HREE, highly negative Eu anomaly and low ratios of (La/Yb)y and (Ce/Yb)y can be
attributed to the presence of residual plagioclase in the source area. The intrusion of this
rock into the monzonitic unit indicates a collision occurred after the Eocene in the west
of Lut block in which access to accurate geochronological and radiogenic isotopes data
is required.

Key words: Petrogenesis, I- and S-type granitoids, Subvolcanic rocks, Nayband, Lut
block
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of the granitoid bodies of Yazd

Javad Ghanei Ardakani "%, Hossein Mehdizadeh Shahri ', Ali Darvishzadah *
and Mohammad Ali Mackizadeh *

! Faculty of Earth Sciences, Shahrood University of Technology, Shahrood, Iran
2 Department of Geology' University of Payame Noor, 19395-4697, Tehran, Iran
3 Department of Geology, Faculty of Sciences, Islamic Azad University, Lahijan Branch, Lahijan, Tran
* Department of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

The granitoid bodies of Yazd belonging to the Oligo-Miocene in age located in the
central part of Urumiaeh-Dokhtar volcanic belt. These bodies intruded into the
Cretaceous limestone of the Taft formation and pyroclastic rocks of the Eocene. These
rocks generally show granular texture; and porphyroid, granophyric, graphic, perthite,
myrmekitic and anti-rapakivi textures are occasionally identified. On the basis of field
observations and petrographic and geochemical studies, the Yazd intrusive bodies fall
within the range of alkali-granite to tonalite in composition and belong to high
temperature I-type (Cordilleran) ACG, VAG, Post-COLG and HSS groups. Various
geochemical diagrams show the enrichment of LILE, LREE and depletion of HREE and
HSFE. These are the characteristics of calc-alkaline magma developed in subduction
regime of active continental margin (ACM). Therefore, it is suggested that the magma
was generated from the subducted oceanic crust (Neothety) and evolved mantle wedge
above it. The magma was generated at the base of crust owing to crust melting and
subsequent differential crystallization, assimilation and contaminations (AFC), all are
involved in magmatic evolution. Proposed geotectonic model of the area could be
similar to the central Andes model, in which magma generated by polygenic and
polystages phenomena.

Key words: I-Type Granite, Subduction andian model, Yazd Granitoid, Urumiach-
Dokhtar
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Petrography, Mineralogy and Mineralchemistry
of Ochestan contact metamorphic rocks (South of Mahallat)

Seyed Mohsen Tabatabaei Manesh *, Zari Eslami and Morteza Sharifi

Departement of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

The skarns of the Ochestan area are located in the Sanandaj- Sirjan zone, about 60 Km
south of Mahallat. The rock complex in this area consist of intrusive bodies and
metamorphic rock such as: schist, phyllite, slate, hornfels, amphibolite and
metavolcanic. The injection of magma in the Cretaceous-Paleocene with syenogranite
and monzogranite composition into the Paleozoic limestone and dolomite led to
formation of skarn and marble. Clinopyroxene (diopside), olivine (forsterite), tremolite,
talc, serpentine, phlogopite, margarite, wollastonite, opaque minerals, calcite and quartz
are observed minerals in contact metamorphism rocks. According to the mineralogical
studies, the Ochestan skarns are exoskarn-type and the presence of minerals such as:
forsterite, diopside, tremolite, antigorite and phlogopite show that the host rock is
dolomitic the in study area. These skarns show zoning of intrusive body into the host
rock: wollastonite skarn, pyroxene skarn, forsterite- serpentine marbles, mica marbles,
tremolite- talc marbles, calcite and dolomite marbles.

Key words: Clinopyroxene, Forsterite, Serpentine, Wollastonite, Skarn, Ochestan,
Sanandaj-Sirjan
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Geochemistray and tectonic setting
of Halab Mafic Gabbroic body (West of Zanjan)

Mojgan Salavati * and Reza Rezapour

Departement of Geology, Faculty of Sciences, Islamic Azad University, Lahijan Branch, Lahijan, Iran

Abstract

In the west of Zanjan, east of Halab, Gabbroic bodies with tholeiitic nature injected into
the Eocene rocks. The main minerals are plagioclase, pyroxene + olivive and epidots,
chlorite, termolite-actinolite and the opaque minerals are accessory minerals. The rocks
studied have SiO»: 45.1-47 wt% and are classified as gabbro. The normalized trace
element patterns show enrichment in LREE and depletion in HREE. The positive
anomalies of K, Th, Rb and the negative anomalies of HFSE (Zr, Nb and Ti) indicate the
rocks contamination with continental crust. On the tectonic setting diagrams the studied
rocks are plotted in the continental intraplate field. Based on all these data, it seems that,
the studied gabbroic rocks are formed by the initial stages of the magmatism related to an
Eocene pull apart basin and formed due to partial melting of upper asthenosphere risen
under continental lithosphere and contaminated with crustal rocks during the Eocene.

Key words: Gabbro, Suprasubduction, Magma contamination, Continental lithosphere,
Intra-continental rift, Halab, Zanjan
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Different geodynamic settings for Sistan suture zone ophiolitic
units: discussion of textural evidences and mineral chemistry
of crustal sequence ultramafic-mafic associations

Morteza Delavari *

Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University, Tehran, Iran

Abstract

Sistan suture zone ophiolitic rocks are remnants of Tethyan oceanic lithosphere between
Lut and Afghan continental blocks. This oceanic basin has been existed at least during the
Cretaceous. Mineral chemistry from crustal sequence ultramafic-mafic associations and
petrographical evidences from parts of these ophiolitic complexes (the ophiolitic rocks
located between the south of Birjand and Tchehel Kureh ophiolites) suggest distinct
geodynamic setting for the formation of oceanic lithosphere. Plutonic rocks from crustal
sequence mainly include ultramafic cumulates (dunite and pyroxenite), cumulate gabbro,
gabbronorite and isotropic gabbro. The crystallization trend in these rocks is variable
including earlier crystallization of pyroxene relative to plagioclase and vice versa which
implies SSZ (supra-subduction zone) and MORB (Mid-Oceanic Ridge Basalt) - type
trends, respectively. The composition of plagioclase in cumulate gabbros and
gabbronorite is bytownite and anorthite, respectively. Moreover, the contents of
compatible and incompatible elements of clinopyroxene and orthopyroxene in ultramafic
cumulates, cumulate gabbros and gabbronorite represent significant differences. The
chemical composition of these minerals and crystallization trends indicate that
pyroxenites-gabbronorite and troctolite-cumulate gabbros-isotropic gabbros have been
formed from two different magma series with SSZ and MORB affinities, respectively. In
the study area, it seems that the MORB-type magmatism resulted from partial melting
beneath mid ocean ridge produced a depleted mantle. Subsequently, consequence of intra-
oceanic subduction the MORB mantle has been suffered higher depletion due to fluid-
induced melting in supra subduction zone setting and produced SSZ-type magmatism.
Key words: Ultramafic-mafic rocks, Geodynamic setting, Ophiolite, Sistan suture zone,
East of Iran
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Petrology of Toveireh alkaline basalt
an evidence of within-plate Oligocene volcanism
in the northwest of Central-East Iranian Microcontinent,
southwest of Jandaq

Samineh Rajabi and Ghodrat Torabi *

Department of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

In the northwest of the Central-East Iranian Microcontinent (CEIM), southwest of
Jandaq, the Toveirch Oligocene alkaline basalt with NW-SE to W-E trend is
outcropped. This alkaline basalt with porphyritic, poikilitic and microlithic porphyritic
textures have olivine (chrysolite), clinopyroxene (diopside and augite), plagioclase
(labradorite) and spinel as primary minerals and titanomagnetite, serpentine and zeolite
as secondary phases. The rock in question is enriched in alkalies (Na,O+K,0), TiO,,
LILE (Cs, Rb and Ba), HFSE (Ti, Nb, Hf and Zr) with high ratio of LREE/HREE (Light
Rare Earth Elements/Heavy Rare Earth Element) (La/Yb=9.64-12.68). The chemical
composition of theses rocks indicates that the primary magma of the Toveireh alkaline
basalt is produced by partial melting of carbonated garnet lherzolite of asthenospheric
mantle. The geological situation of the study area suggests that the subduction of
oceanic crust along the Great Kavir Fault from the Triassic to the Eocene caused
carbonate metasomatism and mantle enrichment. The presence of abundant xenoliths,
xenocrysts and the reaction textures show fast magma rising. The activity of Great
Kavir and the Toveireh faults in an extensional system in the NW of CEIM can be
accounted for the Oligocene alkaline magmatism.

Key words: Alkaline basalt, Oligocene, Xenocryst, Jandaq, Central-East Iranian
Microcontinent
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Dating of age, genesis and tectonic setting of intrusive bodies
in south of Sabzevar

Maliheh Ghoorchi Rooki, Mohammad Hassan Karimpour
and Khosrow Ebrahimi Nasrabadi *

Departement of Geology, Faculty of Basic Sciences, Ferdowsi University of Mashhad, Mashhad, Iran

Abstract

In this study, we investigate the geochemical evolution and the age of intrusive rocks
from central part of the magmatic arc of the northeastern Iran in the south of Sabzevar
(Khorasan Razavi province). The geochemical evidences point to magmatism related to
volcanic arc and subduction zone. The intrusive rocks vary in composition from granite
to diorite and gabbro. Based on mineralogy and the high values of magnetic
susceptibility [(>400) x 10 SI], the intrusive rocks are classified as magnetite-series of
oxidized I-type granitoid. Chemically, they are meta to per-aluminous, enriched in LILE
(K, Th and Rb) and depleted in HFSE (Nb, P and Ti) and belong to tholeiitic series.
Low (La/Yb)x, low St/Y ratios and the negative anomaly of Eu indicate a classic island
arc type magmatism. Trace elements behavior in acidic and intermediate intrusive rocks
show nearly flat pattern (La/Smpy, =0.97-2.57) and lie outside the garnet stability field.
Thus, the source rocks should not be eclogite or garnet amphibolite. The geochemical
signature of rare and trace elements suggests derivation from melting under relatively
low pressure condition (shallow depth). The results of U-Pb zircon dating of the studied
are 97-100 Ma (mid-Cretaceous time). The initial *’Sr/**Sr ratios and the initial eNd are
0.7049 and +4.54, respectively.

Key words: Cretaceous, Granitoid mass, Magmatic arc, Sabzevar, Central Iran

* khebrahimi@um.ac.ir




Petrology
4™ Year, No. 16, Winter 2013
ISSN (Print): 2228-5210
ISSN (Online): 2322-2182

Content

@ Dating of age, genesis and tectonic setting of intrusive bodies in south of
Sabzevar 1
Maliheh Ghoorchi Rooki, Mohammad Hassan Karimpour and Khosrow Ebrahimi Nasrabadi

@ Petrology of Toveireh alkaline basalt an evidence of within-plate Oligocene
volcanism in the northwest of Central-East Iranian Microcontinent, southwest
of Jandaq 2
Samineh Rajabi and Ghodrat Torabi

@ Different geodynamic settings for Sistan suture zone ophiolitic units: discussion
of textural evidences and mineral chemistry of crustal sequence ultramafic-
mafic iati 3
Morteza Delavari

€ Geochemistray and tectonic setting of Halab Mafic Gabbroic body (West of
Zanjan) 4

Mojgan Salavati and Reza Rezapour

@ Petrography, Mineralogy and Mineralchemistry of Och contact
metamorphic rocks (South of Mahallat) 5
Seyed Mohsen Tabatabaei Manesh, Zari Eslami and Morteza Sharifi

4 Studies of magmatic evolution and petrogenesis of the granitoid bodies of Yazd
6
Javad Ghanei Ardakanei, Hossein Mehdizadeh Shahri, Ali Darvishzadah and Mohammad Ali
Mackizadeh

@ Petrography and petrogenesis of intrusive rocks in the northeast of Nayband,
East of Iran 7
Azadeh Malekzadeh Shafaroudi, Mohammad Hassan Karimpour and Akbar Esfandiarpour

Referees committee (4"‘ Year, No. 16, Winter 2013)

We express our deep gratitude to the following faculty members of the universities
and of educational-research Institutes who have cooperated in evaluation and
assessment of the articles of this issue of Journal of Petrology:

Dr. Ahmad Ahmadi Khalaji Lorestan University

Dr. Hamid Ahmadipour Shahid Bahonar University

Dr. Mohsen Arvin Shahid Bahonar University

Dr. Abbas Asiabanha Rezaei Imam Khomeini International University
Dr. Mohmmadreza Iran nejadi Isfahan University of Technology

Dr. Mahmoud Khalili University of Isfahan

Dr. Mahnaz Khodami Islamic Azad University, Mahallat Branch
Dr. Mahin Mansouri Esfahani Isfahan University of Technology

Dr. Mohsen Moazzen University of Tabriz

Dr. Moussa Kalimi Noghreyan University of Isfahan

Dr. Adel Saki Shahid Chamran University of Ahvaz

Dr. Mojgan Salavati Islamic Azad University, Lahijan Branch
Dr. Ali Asghar Sepahi Gerow Bu-Ali Sina University

Dr. Nahid Shabanian Boroujeni University of Shahrekord

Dr. Shahrzad Sherafat Payame Noor University

Dr. Batoul Taghipour University of Shiraz

Dr. Zahara Tahmasbi Lorestan University

Dr. Ashraf Torkian Bu-Ali Sina University

Dr. Babak Vahabi Moghadam Islamic Azad University, Khorasgan Branch
Dr. Hossein Zarrinkoub University of Birjand

Petrology (Scientific Research Journal)
4™ Year, No. 16, Winter 2013
ISSN (Print): 2228-5210
ISSN (Online): 2322-2182

M ing Editor: Dr. Mahmoud Khalili

Editor-in-Chief: Dr. Iraj Noorbehesht

Editorial Board

Dr. Sadredin Amini Professor-Kharazmi University

Dr. Naser Arzani Associate Professor-Payame Noor University of Isfahan
Dr. Ali Darvishzadeh Professor-Islamic Azad University, Lahijan Branch
Dr. Daryoush Esmaeili Professor-University of Tehran

Dr. Mahmoud Khalili Professor-University of Isfahan

Dr. Hossein Mahdizadeh Shahri Prof hahrood University of T

Dr. Seyed Ahmad i Prof Ferdowsi University of Mashhad

Dr. Mohsen Moazzen Professor-University of Tabriz

Dr. Iraj Noorbehesht Professor-University of Isfahan

Dr. Mohammad Rahgoshay Associate Professor-Shahid Beheshti University
Dr. Ali Asghar Sepahi Gerow Professor-Bu-Ali Sina University

Executive and Manuscript Manager: Fariba Hadian

Scientific English Editor: Dr. Mahmoud Khalili
Professional Layout Designer: Afsanch Safari Mirghaleh
Professional Editor: Afsaneh Safari Mirghaleh
Publisher: University of Isfahan

Address: Petrology Office, Technology and Research Department, University of Isfahan, Hezar Jerib
Street, Postal Code 81746-73441, Isfahan, Islamic Republic of Iran.

Email: petrology@res.ui.ac.ir

‘Website: http://uijs.ui.ac.ir/ijp

Tel: +98-311-7934255

Fax: +98-311-7932177




Journal of Petrology has been ranked as a scientific-research journal based on
the document number 3/11/2003 issued by the Evaluation Committee of Scientific
Journals of Research and Technology Ministry in February, 2010; also it has been
registered with International Standard Serial Number (ISSN): 2228-5210 for
Print and ISSN: 2322-2182 for Online by National Library and Archives of
Islamic Republic of Iran.

" Publication of this journal is accompanied by the cooperation of the University of
Isfahan, Bu-Ali Sina University, Payame Noor University of Isfahan, University of
Tabriz, Shahid Beheshti University, Shahrood University of Technology and
Ferdowsi University of Mashhasd."

Petrology is indexed and listed in these Databases:

1JP electronic database http://uijs.ui.ac.ir/ijp

EBSCOhost databases http://www.ebscohost.com

DOALI: Directory of Open Access Journals http://www.doaj.org

Index Copernicus (IC Journal Master List) http://journals.indexcopernicus.com
ISC: Islamic World Science Citation center http://www.isc.gov.ir

Magiran: Journals database http://www.magiran.com

SID: Scientific Information Database http://www.sid.ir

Ulrichsweb: global serials directory http://ulrichsweb.serialssolutions.com

Publication and Lithography: University of Isfahan Publications
Publisher: University of Isfahan
Published in: Spring 2014

Petrology

4™ Year, No. 16, Winter 2013

Published by
University of Isfahan Research Center




