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DHS5-B5-10m 213870 150 2,00 10250 146 95 431 116.90 2119
DH5-B6-12m 285130 280 160 149.70 162 120 296 152.00 27.95

al ppb e o b e iole S aibare LS gl U 5l oot el slaalipes o8 yolic s iulei =Y oz

ol o alol ICP ) b 2325 o PPN o 2 pslie a3 ) e 2 9,555 5

Sample No Cu  Au Ag As Sb Zn Pb Ba Mo Co B Sm Bi Cd S Mn  Fe
CHI 357396 29 014 25511 05 490 5 33925 14 977 58 23 02 048 008 3107 444

L-CHI 16682 15 012 84797 14 70 7 4585 387 508 19 46 069 316 013 4424 2397

o s by 55 3 45 65 st g s s cslasm 1 (A ey 4§ sy F IS CHI-DI2 140010 22 001 100039 12 80 10 4074 141 349 46 26 02 067 007 4281 472
YL S 55 e S csla IS S (C s o 53 T i U 5 ol e elo i S (B CHI-R 13820 24 005 54776 12 95 8 41929 874 687 44 38 069 214 0.14 11618 1539
LS e33lsn i 40 CutdlS 5 ssilges SIS jph (D scesl e VIO &5, (50 955 g0 00 8] cenrhons o CH2-D1 412206 53 015 40660 16 608 9 28130 272 1440 97 44 237 168 004 28997 1253

CH2-DI2 41317 63 010 32675 14 530 7 8767 215 1266 87 58 293 131 003 17311 871

A Joo) 0 o ans (XH3S) oS (5 )L — PS4 CH2-D22 99203 27 0.3 7512 05 628 5 7336 17 1276 79 50 02 075 002 31027 431
e Excel glal¥le 5 g (5 Ll sla o U IO g St U P P R P CH2-Dm 38087 79 003 7144 05 466 6 36208 23 858 110 52 02 094 002 13212 638
plssl V£ 4 s Minitab 5 Y\ as .5 SPSS .Y+ V¥ 5 s 1SS Sl S L;_“, lrd_sei CH3 9633.01 80 022 33586 4.5 328 10 129218 585 1119 76 4.6 02 321 005 31383 2098
49y Sl a > an azg Ly ool S8 0Ll as 2bga gl S e Sa e slaa S CH4 11400 160 096 16813 680 98 28 2812 140 307 22 70 175 091 004 1000 555
3 g (glmosls Slas ( E_ 2yl (g S 03lal La Jages .l oot adls (LS Y 5 ) slaJgas CH4-2A 24650 36 022 697 05 110 35 24072 13 302 22 27 02 226 009 103446 156
LesT ol s s ol Sl s (ilS) o5 el ol oot olie sl s st CH4-2B 80223 68 025 617 10 100 11 25000 153 1587 10 36 911 490 1063 31347 29.55
Siasal & ypo i Laodls (el 3ls 5 ol S5 SIS (5 5 St ek 4 plt sLnesls CH8 9394 72 014 630 05 100 5 31534 14 1229 18 36 02 068 007 80461 458
ey iy a5 00 ol b5 LoDl Syt Sl O JS2) wis i CHIO-T2A 13343 80 032 9255 24 150 100 28707 67 1056 49 62 069 113 157 22094 690
5 &9 Sl ol ¥ Jgarar 5 Sl anlei s Ay S glmaige ols slaosls amsisi o )loel CHI0-T2B 9501 41 019 163 05 92 5 933 075 2186 29 54 02 079 013 21509 607
Sb Pb Mn Fe Cu Au As Ag ,—olis sl i ol s s s UL ci CHI0-T2C 73773 460 33612 92 90 35 4639 88 9748 13 S8 02 208 440 13985 1481
calas el S 48 (6w LS Jsb 070 5 S(X) oS s i § aiany e CHII-T2 8295 42 022 1009 05 92 5 1591 1 2217 19 77 02 097 010 37459 595
15 oyl yolie g e oa AT S5 s L Sy a3 4 donn (S) e iyl DHI-DI1 2171229 021 275 05 80 5 11231 08 1739 14 72 02 105 002 100505 530
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Sample No Cu  Au Ag As  Sb Zn Pb Ba Mo Co B Sn Bi Cd S Mn Fe
Y Jpaz adsl
DH2-D7 58051 79 019 809 05 80 12 28588 13 1644 19 46 02 289 002 1080.68 579
DH3-DI 338273 2 100 1456 05 70 40 20875 08 1065 19 3.6 02 208 002 57810 326
DH3-DI-14 51634 4 036 340 05 120 270 111002 14 1305 17 43 069 3.08 003 92978 393
DH3-DI7 6354 34 005 196 05 125 5 30882 1 1178 12 38 02 059 005 99310 553
DH3-D20 51.84 29 013 138 05 92 5 37228 1621 16 26 069 026 008 67617 281
DH4-D8 6646 27 013 207 05 125 5 18012 07 1308 13 36 02 057 003 118339 522
DH6-D12 21126 22 021 529 05 130 5 19352 13 1067 39 60 02 388 003 114751 5.00
DH4-D10 7466 48 021 181 05 130 5 36251 14 1271 24 58 02 067 003 141169 583
DH4-D12 69.61 42 002 265 05 110 5 12054 07 1285 18 33 02 058 012 108189 591
DH4-D14 7390 35 010 302 05 115 5 23675 08 1160 11 23 02 050 012 109645 487
DHS-D4 13137 92 019 2605 06 110 29 70713 15 383 21 27 02 103 008 52837 249
DHS-D§ 30452 7 021 926 05 95 18 42463 12 553 19 23 069 251 006 79182 322
DHS-D10 34503 46 059 2046 08 180 24 73129 5 632 37 47 069 210 004 31192 356
DHS-DI2 12077 21 140 8839 2.8 480 72 277846 825 487 34 44 02 389 014 21506 4.89
DHS-D14 11359 9 027 1276 05 100 11 25251 24 647 29 86 02 146 005 65405 381
DH7-D2 87.62 24 018 267 05 130 55 8340 15 1274 29 7.6 069 058 002 57995 579
DH7-D4 11971 27 048 197 05 100 5 9744 12 1298 24 74 02 068 003 70627 615
DH8-D4 10872 49 015 288 05 160 5 17986 09 1064 17 58 02 053 003 71230 461
DHS$-DS 30421 47 027 210 05 130 5 11548 12 1377 25 120 02 067 004 75341 611
DHS$-D12 24612 33 020 231 05 150 5 7654 12 1343 19 82 02 089 004 74270 634
DH9-D2 69.61 310 027 15846 388 80 44 246820 787 418 54 82 113 059 013 1000 536
DH9-D4 9853 88 038 10173 343 100 86 19687 507 321 32 9.6 226 061 006 1000 487
DH10-D4 3422 29 018 162 05 100 5 25922 2 619 34 37 02 033 005 40493 328
DH10-D§ 263354 68 070 142 05 220 5 19292 18 1383 34 37 02 050 002 66245 3.69
DH10-DI0 139548 42 095 533 05 180 5 30932 24 733 32 37 02 038 002 33596 336
DH11-D4 28256 33 021 382 05 98 5 27988 1 1333 19 9.6 02 083 004 56744 592
DH11-D§ 15977 49 022 240 05 100 5 20108 12 1545 17 110 02 080 003 587.56 6.75
DHI2-DI2 7127 49 023 095 05 110 5 1818 082 1592 27 82 02 073 031 25534 691
DHI13-D6 11469 42 036 242 05 140 8 5060 24 1888 34 140 02 093 006 92823 785
DHI13-D8 81.64 34 056 572 06 100 8 4503 15 1309 54 66 02 080 044 43075 732
DH14-D6 120.86 89 048 1220 0.8 140 28 23274 18 1836 37 170 02 142 091 66639 827
DH14-D§ 17952 38 023 704 06 200 36 2513 08 2064 27 8£5 02 134 100 57389 942

Element Min Max X S X+S X428 X438
Cu (ppm) 3421 9633.01 300.88 32.07 355.96 388.03 420.10
Au (ppb) 15 790 8.1 7.63 15.65 2328 3092
Ag (ppm) 0.1 19.1 0.28 4.62 49 9.53 14.15
As (ppm) 0.94 1000.39 10.23 261 2476 39.29 53.82
Sb (ppm) 05 68 1.45 13.09 14.55 27.64 40.73
Zn (ppm) 70 628 130.80 70.55 202.36 27391 34547
Pb (ppm) 05 705.2 12.6 337 15.43 18.81 2219
Ba (ppm) 933 2778.46 17591 334 179.25 182.6 185.94
Mo (ppm) 0.7 387 212 124 14.17 26.22 38.26
Co (ppm) 3.06 97.47 10.19 292 13.12 16.5 18.97
B (ppm) 10 110 25.63 10.38 36.02 46.4 56.79
Sn (ppm) 25 17 525 1.62 6.88 85 10.13
S (ppm) 162.53 106277 34047 169.58 510.05 679.63 849.22
Mn (ppm) 05 2073.6 530 438 914.79 1286 1657.21
Fe (%) 1.56 29.55 7.24 23 9.27 1131 13.34
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Cu 1 - - - - - . E . .
Au 041 1 - - - - - - - -
Ag 0.41 0.89 1 - -
As 0.43 0.28 0.33 1 -
Sb 0.36 0.57 0.46 0.38 1 -
Ba 0.18 0.53 0.08 0.01 0.19 1 -
Zn 031 0.26 027 008 011 0.20 1 -
B 042 016 005 032 0.01 0.15 0.78 1 -
S -0.03 -0.02 0.32 0.00 -0.01 -0.06 -0.10 -0.17 - -
Mn -0.19 -0.27 -0.23 -0.43 -0.36 -0.17 -0.09 -0.47 1
Fe 0.14 -0.25 -0.18 043 -0.07 -0.03 -0.14 0.10 -0.18 1
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Sb 0.8 1.02 1.03 0.89 0.89 0.99 0.98 0.89 0.82 1.01
Se 19 29 21 28 32 28 18 24 31 17
Sm 23 3 5 4 4 4 4 5 5 3
Sn 2.1 346 373 426 6.28 2.1 9.65 9.38 2.18 357
Sr 610 584 591 599 594 602 596 609 586 591
Ta 32 6 7 4 7 5 2 5 4 2
Tb 13 4.1 32 2.9 38 33 2.9 22 2.7 33
Te 0.2 0.2 0.3 0.6 0.5 04 0.6 0.2 04 03
Th 9.89 9.92 8.98 11.02 9.65 9.81 9.78 9.68 10.01 10.12
Ti 4489 5226 5534 5468 5268 5628 5380 5292 5568 5586
Tm 0.15 0.21 03 0.29 0.23 03 0.24 0.23 0.29 03
u 32 3.6 5.6 42 4.1 39 4.1 3.1 5.1 42
4 213 198 213 199 219 215 198 198 211 218
w 2.1 8.4 6.4 45 59 8.9 2.1 92 4.1 78
Y 176 18.1 169 175 168 174 169 169 174 162
Yb 235 24 25 25 24 25 24 24 24 25
Zn 91.6 112 108 86 194 92.9 132 241 124.8 149
Zr 199 184 201 199 189 192 199 188 194 192
Hiy 13.07 15.53 13.27 14.56 12.94 1424 1392 1262 1133 15.21
Smy 5.18 6.76 11.26 9.01 9.01 9.01 9.01 11.26 11.26 6.76
Tay 78.05 1463 170.73  97.56 17073 1219 4878 1219  97.56 4878
Lay 33.48 40.76 45.12 45.12 4221 45.12 43.67 45.12 43.67 42.21
Ba/Nb 2874 33.01 29.42 3041 31.08 2794 3126 3090 2987 3542
Ba/Th 69.16 61.90 7339 54.36 66.63 67.79 68.71 70.87 66.83 67.19
FeO*MgO 1.96 2.14 1.84 2.27 2.23 1.98 2.32 2.33 1.94 225
La/Nb 097 151 138 1.57 1.40 1.30 1.40 1.40 134 151
Nb/U 7.4 5.17 4.00 4.69 5.05 6.10 524 7.16 439 457
Nb/y 135 1.03 133 113 1.23 137 127 131 1.29 119
Nb/Zr 0.12 0.10 0.11 0.10 0.11 0.12 0.11 0.12 0.12 0.10
Rb/Y 2.59 2.13 2.84 225 2.20 253 232 2.49 2.36 275
Rb/Zr 0.23 0.21 0.24 0.20 0.20 0.23 0.20 0.22 0.21 0.23
Si/P 0.60 039 0.4 0.44 0.38 0.44 0.40 0.4 0.42 038
Th/Zr 0.05 0.05 0.04 0.06 0.05 0.05 0.05 0.05 0.05 0.05
Ti/Y 25506 28873 32746 31246 31357 32345 31834 31304 3200 34481
Ba/Nb 28.74 33.01 29.42 3041 31.08 27.94 31.26 30.90 29.87 3542
Zt/Nb 836 9.89 8.97 10.10 9.13 8.07 9.26 8.47 8.66 10.00
Y 1131 10.17 11.89 1137 11.25 11.03 1178 1112 1115 1185
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* O Orthoclase, Ab= Albite, Am= Anorthite, Ne= Nepheline, Di= Diopside, Hy= Hyperstene, Ol= Olivine, Hum—
Hematite, Tn= Titanite, Ap= Apatite, Pr= periclasc, Prv = Perovskite, I1= Ilmenite, Le= leucite

Norm 1 2 3 4 5 6 7 8 9 10
Or 12.9 15.9 184 13.5 129 13.0 17.7 13.7 12.7 132
Ab 228 19.7 21.7 220 18.4 182 219 18.8 19.4 189
An 229 226 18.8 205 20.6 228 203 228 18.2 225
Ne 1.0 1.0 0.8 1.1 0.3 1.0 1.0 1.0 0.8 1.0
Le 2.1 22 1.0 1.1 25 25 0.9 1.8 24 24
Di 42 7.6 95 16.2 9.9 8.9 11.1 11.6 132 103
[0} 10.2 9.7 6.2 9.0 113 94 9.6 11.0 10.0 10.4
Tn 29 25 25 2.6 25 29 2.6 3.0 27 23
Hm 123 9.8 92 10.0 103 123 10.0 102 13.1 9.0
Prv 42 2.1 12 24 5.6 32 1.3 1.0 21 4.1
Ap 1.1 12 6.2 0.8 0.8 1.0 0.9 0.5 1.0 1.0
Pr 0.3 02 0.3 0.2 1.5 0.3 0.2 0.3 1.7 0.3

11 2.1 23 22 0.2 0.3 2.1 22 2.1 2.0 2.0

Sum 100.0 97.8 98.9 100.0 98.0 98.7 99.7 98.4 99.7 98.0
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Sample A233 A2 A231B A223  A2D3LA A2233  A2393 A4l A243-1 - e = D AT N D e = ®
Rock type ABGD T ABGD  ABGD ABGD ABGD ABGD T D o) s s
Si0: 038 6132 0405 05.04 0387 67.22 o488 6229 3981 ce 69.00  77.80 49.7 52.00 58.80 47.20 87.90 63.30 42.70
TiO, 159 198 121 122 1.06 100 128 2.10 146 b 799 015 S99 65 590 . 097 508 sn
ALO; 146 1319 13.9 14.20 13.37 13.72 14.10 13.30 13.90 Nd 390 3760 262 2020 2065 1740 1750 35.60 207
FeO 5.50 567 4.63 42 382 353 394 550 671 Sm 668 13 6ol 138 - 203 a8 276 550
Fe.0 3.00 3.06 3 2,60 3.00 228 250 319 317 - ' 170 ” L6 184 150 14 ™ 4
MnO 012 ol ol 0.08 0.07 0.07 0.08 012 0.5 G 655 46 657 i 306 273 766 836 562
MO 230 320 27 267 251 221 209 355 5.00 o L 122 LIS 0.56 0.51 049 126 127 0.96
€a0 3.10 3.90 32 280 235 268 2.90 3.80 5.03 Dy 65 46 674 136 308 203 23 231 58
N 337 348 359 3.66 2.8 315 318 341 395 Ho 133 123 4 079 069 06 149 a3 s
K:0 148 199 1.46 162 330 255 225 1.56 1.09 B 156 359 i 260 224 216 428 502 331
P,0s 024 041 023 0.02 0.03 0.03 021 041 021 T 058 055 063 044 037 037 064 058 050
Lot 029 133 136 0.63 122 L1s 122 117 077 b . 356 408 121 . 253 420 183 138
Total 9939 99.64 99.44 98.76 99.49 99.59 98.63 10040 101.25 - 056 055 063 053 044 044 064 058 049
Ba 583 956 429 441 2404 1772 934 468 350.00 (Ybler 550 66 N 630 230 650 620 440 370
Rb 2420 3 739 57.70 68.54 62.40 6284 44.55 3025 Fubur 077 066 4 154 164 105 054 06 07
st 183.1 21 165 194.80 17130 205.20 135.80 162.90 156.30
7 2086 477 3119 573.00 513.50 436.20 40440 283.70 180.30 £
Nb 1330 1630 12 12.50 11.60 11.00 13.60 16.10 9.40
-
Ni 4670 2660 12 44.60 4620 33.00 22.90 9.30 34.10
Co 2350 2090 211 18.20 19.50 1540 15.50 17.50 36.60 S o
4
r 7660 42.90 609 8030 73.60 69.20 40.90 2370 281.90 .
. [ (S35 3o Syl T SLnaigai cupadye -F JS_5
Y 3600 3520 373 2220 18.50 18.30 41.70 3860 31.80 § (De la Roche er al., 1980) londs (sanaisls sy
3 L
s 140 270 49 220 230 200 360 250 1.90 e
Ta 0.90 110 1 0.80 0.80 0.70 120 140 0.70 tephaice seste o
™
HF 820 11.90 88 1470 13.80 1150 10.30 7.90 490 -
o
Pb 830 850 15 57.70 14.40 14.10 12.80 870 520 \
- R TR R o
Th 3.60 6.50 67 830 11.00 6.90 16.10 480 470
@ Geanoduseite W Granodionte
u 1.00 210 36 220 190 1.80 5.50 170 090 “Iype granite Leucagranite O |-1ype granite (] Tonasse
@Maonzogranite A Diodite
Ga 1780 17.90 193 17.40 17.80 18.00 17.50 1820 17.50
La 3140 3480 215 29.90 29.40 2550 3950 24.90 18.5
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Error 0.000012  0.000010  0.000011  0.000012  0.000012  0.000014  0.000012  0.000011
(““Nd/'"Nd)sgy ~ 0.51172 0.51174 0.51177 0.51190 0.51170 0.51199 0.51173 0.51201
eNdt 43 3.9 34 08 47 1.0 42 12
TDM* 1584 1555 1519 1316 1616 1166 1576 1144
205pb/ph 18.3013 18.6818 18.8157 187693 19.3303 19.1581 19.7354 30.1687
27pb/*Ph 157170 157230 157408 157225 15.7699 15.7682 15.8354 163942
20%pp/*ph 38.9080 39.4749 38.7810 39.2736 39.1046 39.1504 39.4221 392665
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Plagioclase [ Clinopyroxene
Sample Center Middle Margin | Sample Center Middle Margin
sio. 6159 6529 6330 S0, 4948 50.69 sto1
TiOs 034 044 024 TiOs 073 074 067
ALO, 17.59 1747 2025 ALO, 341 351 593
Fe0 137 1.65 123 FeO 020 0.5 0.07
MnO 0.00 0.00 0.00 MnO 728 670 494
Mg 0.06 065 021 Mg0 014 013 012
a0 781 268 570 a0 1421 1326 13.64
Na:0 517 515 478 Na:0 2177 2181 18.70
K0 0.00 s13 270 K:0 0.16 047 0.80
P.0s 036 065 057 P.0s 020 011 046
Total 94.29 99,11 98.98 Total 97.58 97.57 9634
Structural formula based on the § Oxygene. Structural formula based on the 6 Oxygene.
si 1876 1924 1938 si 2895 2951 2.849
i 0021 0021 0019 Al 0975 0931 1074
Al 0.152 0.157 0265 Ti 0012 0015 0.008
o 0.006 0.005 0.002 Fe 0.054 0.062 0,046
Fe* 0.069 0011 -0.100 Mn 0,000 0.000 0.000
Fe* 0.162 0224 0257 Mg 0,004 0.044 0014
Mn 0.004 0.004 0.004 Ca 0393 0.130 0275
Me 0803 0750 0772 Na 0471 0451 0417
ca 0.884 0.887 0761 P 0014 0.025 0022
Na 0012 0.035 0,059 Total 4819 4905 4860
K 0010 0.005 0.022 - - - -
Total 4000 4000 4000 - - - -
S35 095 S dgeY KU 53 Soig (S9N gl 5 @l ) g
Biotite
Sample Center ] Middle]  Margin1 | Center2  Middle2  Margin2 | Center3  Middle3  Margin3
Si0, 4336 4191 3841 4336 4327 4108 43.02 4544 4089
TiOs 405 453 4.5 385 393 427 325 331 43
ALO, 1422 1453 1377 1405 1466 14.64 1452 15.66 13,58
FeO 549 778 728 528 7.09 685 440 820 764
MnO 005 0.04 0.03 002 0.04 003 0.03 0.04 0.06
MgO 20.10 19.46 19.78 19.13 18.12 19.60 17.48 1255 1938
a0 0.66 033 1.00 085 0.63 0.66 268 243 369
Na:0 046 0.08 081 044 074 128 0.67 0.02 030
K:0 789 789 814 791 742 751 720 7.00 700
S0 0.00 002 0.02 0.00 0.00 0.00 0.00 0.02 0.00
cr.o, 0.01 0.00 005 0.00 003 0.07 0.03 0.03 003

Biotite
Sample Center 1 Middle | Margin1 | Center2  Middle2  Margin2 | Center3 Middle3  Margin 3
) Jsa alsl
NiO 0.05 0.10 0.08 0.05 0.07 0.08 0.04 0.05 0.07
Total 96.34 96.67 93.89 94.94 96.00 96.07 93.32 94.75 96.77
Structural formula based on the 22 Oxygene
Si 6.008 5.857 5.606 6.087 6.042 5781 6.124 6.395 5.762
Al 1992 2143 2369 1913 1958 2219 1876 1,605 2238
Al 0.330 0.250 0.000 0411 0.454 0210 0.560 0.993 0.017
Ti 0.422 0.476 0.496 0.406 0413 0452 0.348 0.350 0.438
Cr 0.001 0.000 0.006 0.000 0.003 0.008 0.003 0.003 0.003
Fe 0636 0909 0889 0620 0828 0806 0524 0965 0.900
Mn 0.006 0.005 0.004 0.002 0.005 0.004 0.004 0.005 0.007
Mg 4.151 4.054 4.303 4.003 3772 4112 3.709 2,633 4.071
Ni 0.006 o0.011 0.009 0.006 0.008 0.009 0.005 0.006 0.008
Ca 0.098 0.049 0.156 0.128 0.094 0.100 0.409 0.366 0.577
Na 0.124 0.022 0.229 0.120 0.200 0.349 0.185 0.005 0.082
K 1.394 1.406 1.515 1416 1321 1.348 1.307 1.257 1.258
St 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.002 0.000
TotalL 19.168 1908 1958 19013 1909 19397 19.054 19585 19341
{39 22 ) oY Sols latiges (ol polis (glond 4528 @l Y Jyor

Sample/Analysis M M, Mo My Mu Mg

Si0, 44.48 45.68 4342 43.26 4242 43.15

ALO: 13.14 12.48 11.77 13.30 1343 12,15

Fe;05 7.72 9.04 9.50 8.11 8.60 8.63

K0 407 391 371 445 436 352

Ca0 11.75 12.90 13.68 1232 10.60 14.90

MO 340 3.04 295 291 282 259

Na,0 1.60 1.81 1.60 1.36 120 1.65

SO 0.11 0.12 0.11 0.11 0.11 0.12

P,0s L10 134 127 1.09 1.00 124

MnO 0.13 0.12 017 0.3 012 0.16

SrO 0.22 031 031 0.18 0.13 027

TiO, 134 133 1.58 134 1.38 138

LO.L* 10.62 776 9.80 11.30 13.70 10.10

Total 99.68 99.84 99.87 99.86 99.87 99.86
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Sample/Analysis M, M, M, M My My
Ag 08 07 05 05 0.7 0.5
As <1 <1 <1 <1 29 11
B 129 123 15 9.1 12.8 9.7
Ba 21704 2871.8 2450.7 21127 21045 2108.0
Be 17 24 23 13 13 17
Bi 1.0 <05 11 09 05 0.7
cd 27 20 74 4.7 18 5.7
Cce 267.0 3209 295.9 284.5 260.7 245.6
Co 319 433 311 219 334 268
cr 3419 357.0 3392 2925 2952 300.6
Cu 539 570 518 520 526 525
Dy 5.7 52 49 44 38 43
Er 3.7 33 3.9 4.0 43 3.7
Eu 22 20 22 25 28 22
Gd 9.7 8.5 9.7 110 12.0 9.2
Ge 18 16 19 20 20 16
Hf 7.9 10.9 12.6 5.8 118 s
Hg 0.06 0.05 0.10 0.08 0.07 0.07
Ho 17 1.9 1.9 2.1 18 18
La 125.5 1353 133.9 109.5 109.9 107.7
Li 152 154 14.1 117 17.9 15.0
Lu 0.6 0.6 0.06 0.7 0.8 0.6
Mn 843.4 8117 959.6 748.6 808.7 760.1
Mo 13 03 13 44 14 15
Nb 354 42.7 351 328 332 327
Nd 116.0 99.6 113.0 918 995 89.6
Ni 125.0 116.8 137.9 102.9 165.3 140.9

P 42824 4639.1 43307 4517.0 4397.2 4380.4
Pb 182 117 14.9 118 12.1 184
Pr 17.9 164 182 19.6 231 16.5
Rb 108.5 1111 102.8 84.4 1242 682
s 531.2 430.1 3502 376.5 395.0 329.6
b 16 13 L1 L6 17 17
Se 16.8 18.1 183 152 152 149
Sm 152 16.1 169 244 138 12.7
Sn 7.8 5.0 64 8.1 104 7.1
Sr 18455 42285 2342.0 997.2 8223 1746.1
Ta 13 16 16 17 13 16
Th 12.6 16.0 13.9 119 122 1.4
Tl 17 05 25 14 19 12
Tm 0.6 0.6 0.6 0.7 0.8 0.6
Ti 8221.6 9039.5 8764.4 7337.1 7568.0 7201.7
u 65 67 67 7.2 6.8 6.0
v 135.9 144.6 143.8 1203 1202 117.5
Y 254 279 284 238 238 243
Yb 27 33 31 24 25 23
Zn 64.1 919 884 526 578 74.1
Zr 780.0 874.0 842.1 685.1 678.1 660.2
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wy ek 5 oS I 39 (oot jloslital b s 58 Oy 15Tls (9 pl8 0358 i )LiELesine) 5 LSl sla S WWAY plise p)le 5 Somm o)led ot Jlo es5gd A
LoSle po 35z ol ooyl yobis L 1y 5005 (A1) (ozrgiin cabsn 1o pyiasl] (o oS 8] i sl Sloslone) 55Uy (oS5l el 325 @l ) Jyor
S g 5m g 00 e ptalyl S o)y 1t ol 0 o0ls L\ Jgaz o Sample  Unit  VI-1 vi2 V16 Vi-7 vi-8 V19 V-1 V24 V25
S| BRUW DN IO S5 51 PIOWEON 1 | ROV Sog—0i ;5 adlate LSy m o S jobasy Si0, % 48.44 50.1 50.1 48.73 49.78 50.59 48.46 5053 50.16
B LS -y s . ’ _ i .
Lusi 05 lagls pad a blol L gs55e (Morimoto, (Q=Cat+Mg+Fe”" J=2Na) Q-J TiO, % 121 1.17 1.03 1.18 1.09 1.20 121 1.14 1.01
Ti" g B 55Uy slag plS 5o e A ol (s 10 45 (A-F JS_i) 1988
AT 050 4l 5 U5 slogl 50 Cr > ol gahes) sl a5 ¢ ) 1988) ALOs % 5.04 434 524 425 416 420 420 421 3.85
e S lgmie an alilys, Lo S gy gielS A aily 08 s el ol slpaig b SIS
e S Gy A asly Pete 2 ddly B e BT FeO % 618 6.41 621 504 425 416 42 42 421
st g pate (ol 355 Slaeli Lol (Quad) lspdS s sio s b] sLb Sy
. ) o ) MO % 012 021 013 0.16 0.16 0.14 0.11 0.19 0.16
G slassls s an s as e Jal ) M, o3k S b s ladall o S (e )15
. . P L . MO % 1370 1408 1371 1420 1427 138 1449 1420 1396
Cmdgn il 0 aS) Fe g Mg Lo Ti' 3 )b s e Gl 35 e d 4Bl Sl Sy Wl ’
ol St 5 Ti Kol e 15 Ca S 5 s 5 el St LSyl a5 a0 % 2195 23 2185 2227 2218 2195 2422 2226 2156
il Glajon e iila 93 atajls Sy pmgilS Jagmas 5 (B US5) ol 5025 e T Js b NaO % 053 0.54 0.54 049 047 0.49 0.47 0.50 0.55
AP g Si' il ol css (ol pln )5 SLd Sy 4an En-Wo-Fs olsa K0 % 0.01 0.02 0.01 nd nd 0.01 0.01 0.01 nd
(Nosava ef 355 plowl (g goio Cvadse ) JS) 05 e B e 0350 5 (2 Totl % 9717 9916 9882 9770 9831 9886 9771 9936 9747
TiO, Sl Jfosi yo Lingy oS, al,, 2002) J33—i elul 5, (Morimoto,  1988) (C-¥ . - 156 L6 . 156 - o - -
0390a,0 (LeBas,  1962) ALOs 4 o s (Bence et al., Al as o 5Fe™ guna il
. ) Ti 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.02
Sl3g—ei )3 5 (A0 JS) 0 S (e )18 (les 5ol o—alpy—adl jl (E w20 1975)
X v : Al 0.20 0.19 023 018 018 0.18 0.18 018 017
Lneigs (B JS%) TiO,-AIY*100 L sss i (D-F JS2) 55 o (oand Jl3psmsinos]] )
. - L e L X 5 Fe? 0.07 0.05 001 0.10 0.06 0.00 0.12 012 0.01
atms e ot |y laSle slaplos b alin s, SS9 S 5l ol 5 LS s IS s Fe
- T Fe? 0.12 0.14 017 0.09 013 0.20 0.07 0.07 017
(Ao et al., 2010) sz Gz 3 Al Ly i ol a5 o5S] ¢
S$i0,/100-TiO,-Na,O sles s 5 s Bence et al, 1975) coul o grsein g Mn 0003 0006 0004 0004 0005 0004 0003 0003 0005
sb—oSlo o _als (Beccaluva er al., 1989) Fe'' Sal polie (Schweitzer er al., 1979 Mg 0.77 0.78 0.79 0.79 0.79 0.76 0.81 0.81 0.78
-0 ) el e Lo (ol oaas LS Pl jo LoSle Salan W56 )y e SiL2s Ca 0.89 0.88 0.87 0.80 0.89 0.87 0.89 0.89 0.87
3 dol Slp S a5l S0 55— 51 (€ Lol a5 ol JoSis Na 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.04
Berndt et al., 2005) ;pods Sl 5 i L i oS et ie a S s
( ) s M Jloal otz o v AW 0.16 0.13 013 0.16 013 0.10 0.17 017 0.10
(o FIA L5 Y ) ALOs (YL ol e F-f US55 el Ti-AIY Jlog—as 5 Ti-Al" '
ALY 0.06 0.05 0.09 0.02 0.04 0.07 0.01 0.01 0.06
o3game ;0 5 95Uy Gld S gy polie 0 )ls Ol 5o Ladsaas logas ol )0l ouds gu
. o CatN 0.93 0.92 091 093 0.92 091 0.93 0.093 091
Soail Jlos w3y Cl o LS Y 15 pomiesl] as e SLti A5 Wlas $ 15 s o
. . . .. s - M 0.79 0.79 079 0.79 0.80 0.79 0.79 0.79 0.80
3 i g2 0350 e 3 LSy JEE SN EE SO PUET Y S5 B EUPSPCI A e
A S 5 Jopssimegl] 5 il pysives)] S e 1y T ol g slm il En % 4158 4177 4168 4199 4234 4154 4244 4244 4238
YL e Sl o lae oI (D-F %) e S5 Sl il s ol Wo % 4789 4756 4774 4735 4732 4750 4683 4683 47.03
o o o— r o o O
S5 IS 5 Sy Lm0 pyiendl] Skl pi Jlade jeae an LagSg o silS Fs % 1053 1067 1058 10.66 1034 10.96 1073 1073 10.59
el a5 adgl >l ye 0 la SIS (Nosava et al., 2002) cul ails Lag o5 >
A Pl 5 mSprm S5 5 a3l b imo 5,3 Sz ey (gl 035 it los sy 5 Sl Sla Sy VTAE Gl op i 3 o oyl e o sy it
Sample  Unit V26 V27 v2-8 V29 V210 V3-s V43 Va8
(A) (B)
) oz aals) 20
$i0, % 48.88 49.90 49.41 4934 4936 49.59 49.42 5042
TiO, % 120 122 125 1.26 119 1.08 L1s 1.20
ALOs % 449 417 446 4m 411 410 4.06 436
FeO % 3.85 6.59 6.40 639 6.37 6.29 6.51 637
MnO % 0.18 018 0.15 017 0.17 018 0.11 018
MgO % 14.16 13.87 14.02 13.65 14.06 14.26 14.24 14.1
a0 % 221 2.15 2219 218 2191 2262 2234 21.96
Na;0 % 047 047 0.52 0.52 0.46 0.53 047 0.48 % .
0.15 -
K0 % 0.03 nd nd 0.01 0.01 nd nd 0.01 i g g Amslianfarinn Wopsi
Total % 97.97 98.43 9836 97.75 97.64 98.64 98.12 99.06 & o Sy
L L]
si 183 1.87 185 1.86 186 1.85 180 1.87 aidal ; - Aderinion depaids
Ti 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 ‘ 4
0. 1 .
Al 0.19 018 0.19 020 0.18 018 0.17 0.19 Sripainng L 071640, (020, 2090, 10407 000V (000
. . . . . . . . i
E] (F)
Fe” 0.09 0.03 0.06 0.03 0.05 0.09 0.07 0.02 azs{EL = o
"
Fe 0.10 0.17 0.13 0.16 0.14 0.10 0.13 0.17 L a® 4 'ﬁ
]
Mn 0.005 0.005 0.004 0.005 0.005 0.005 0.005 0.005 S o8
3 Tetrahadeal Site
Mg 0.79 077 0.78 0.76 0.79 0.79 0.79 0.78 Qom0
Ca 0.89 0.89 0.89 0.88 088 0.90 088 0.87 008 Otttadeal 2o
Na 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 o,
Ve ] 8% % 0 02
ALV 0.16 0.12 0.14 0.13 0.13 0.14 0.14 0.12 8l toph) AKIV) taotup
ALY 0.03 0.05 0.048 0.07 0.047 0.031 0.037 0.069 i prmelS LB Sy 0350 mms 45 555 sLd (S oy (Morimoto, 1988) Lno,e's sy (s0tion, log—od (A -F S
CatNa 093 0.92 0.92 091 0.92 0.94 0.92 091 e sl ol 2 € Sl s 21y SIS 8 5 sk 9 €0 Gl Dyl (B 105 e 5 (Quad) oo
g a3g0mme 3 55Uy (sLney oSy 5 lS (Morimoto, 1988) L,y s (saiuos, (s En-Wo-Fs ol JJsg—ai (C
Mgt 0.79 079 0.79 079 0.79 079 0.79 079 =l iy g03 0330 a 5 555 (63 s (MOFIMOLO, 1988) duos 55 (6003, lag—ai (D 1015 o )8
En % 42.04 4156 4178 4150 4211 41.89 42.16 42.14 Al g5 o9 (B ol pssiagll Sl eooms 9150 oS syms 951 (o S 45 0558 o0 )13 Jopsateasl] 5 Jopsaizas!]
Cniye 3 Si el 15 s 5 0 1,5 ALyl sl s VU o 55Uy sLaaisai a5 Si
Wo % 4740 4771 752 4761 4718 4775 47.03 4718 AT Sty 81 S 5T S "j”‘j’l iz L g ¥ 2 5L sl
Sy S Loy iS5 ol Sl fyn A @l i Jsgai (F (Nosova et al., 2002) el Sy LS
Fs % 10.56 10.73 10.70 10.89 10.71 1036 1081 10.68

(Mahood and Baker, 1986) <ol TH-AI" il l5n S5l 00 lir Lo ol K 5 il (sla s




Il 5 Sy S5 5 ot 31 00t L im0 i g5y (g o8 e3g8 i LibLosirn) 5 orlaSle slo s

VPR ples iplir 5 o o)lod spd Jlo wsisly

VY

" ) . A)
ipeibae 435 W IS5y ol (Deer e al., 1991) 15 by LS ol ISl S5 P ; B
b i ok Jsb o Ll e pgil s 5 0390 sz 5o Ty cord S ! 5505 (gl oI5 1 1
1l s T 15f— -
Syl e Dlanis Jloged 13 95Uy (slag 5 ams o 45 a3 oo ol ol plowl Sliwlons el 0l 03,91 ¥ = - 7
; : g ) weamess
(Koller ef LaeyuS's pmy:lS Mh 0 j0 IS gydb e Absiag 5 Or120 Allsousy 5 Ll alls (sl g2 E 5k 4:"' - E
s ¢ . 3 s D 2
ol oty L Lo (slog 15 osgime ;3 al., 2006) LaplSysdl (oobos AD-AN-OF Jbaes J5g0i 53 5 o ‘ - ]
5 Ll . . e - Thchome = =
(B JS5) 95,5 o ) sl (D=0 JS5) 0¥ oo 5 ol oy o . - ]
Cacaaln 1
v s 4 & = 7 : > -
ALO; (wt.%) TiO; (wt.%)
Sample Unit V13 Vi-4 VI-5 V32 V33 V34 V3-6 V4-6 Vs-1 V52 (©) TiOz (D) or
SiO, % 50.95 50.61 50.72 5113 50.13 48.97 51.21 5091 50.81 50.84 !
TiO, % 0.06 0.04 0.02 0.03 0.07 0.04 0.02 nd 0.04 0.04
ALO; % 3L 3020 2983 3085 3070 3077 3082 3103 3064 3044
FeO % 0.10 0.15 0.16 0.15 0.21 0.19 0.19 0.11 0.20 0.17
MO % 001 002 004 002 nd 0.01 002 003 nd nd < ) )
$i02/100 Na,0 Alhilol Oiige | Ande ‘ 5 yrria
MgO % nd 0.02 0.03 0.02 0.02 0.03 0.00 0.01 0.03 0.03 clase | sine wnite | thite
CaO % 13.43 13.11 11.42 1338 13.50 13.87 13.44 1343 13.29 13.48
Nay % 384 396 403 365 388 358 387 387 394 3.97 o LE) 5555 oS ABOs a2 TO, Jlogoi (A -0 JS5
AIY*100- o5 o (B «(LeBas, 1962) ol 2lady cale
K,0 % 0.12 0.15 0.18 0.18 0.16 0.16 0.14 0.15 0.17 0.17 (Ao e M-)_,JQu')rdgé)—{‘}?\k—;g)hﬁjmtﬂox%
= - N .
Tol % 9962 9825 9674 9939 9866 9761 9972 9955 9912 99.13 z MORS Gabbro b SI02/100-TIO»NaO oS5 a Jlsg—a3 (C sal., 2010)
3 55 (D (Beccaluva ef al., 1989) el o 5 LSL
Si 237 233 237 233 230 227 233 232 23 232 ] 55 (D« et al ) 9 £35 )
3 A5 Ab-AR-OF L5 s fsoi 53 5L (slaLals
Ti 0001 0001 0005 0001 0002 0001 0000 0000  0.001 0.001 05 (Deer e al, 1991) 8,5 oo ;5 s ygol ¥ o390
Al 167 164 164 166 166 168 1.65 1.66 165 1.64 s 7o B0 B0 0 b slesi gl Mgk ol o An s oy i (B
An (wt%) (P1) (Koller et al., 2006)
Fe** 0.003 0.005 0.006 0.005 0.005 0.007 0.007 0.004 0.007 0.006
Mg 0.000 0.001 0.023 0.001 0.001 0.002 0.000 0.000 0.001 0.001
€ (Sun and McDonough, <08 Ly e [Lowgs Cws a w5l glas s g 258 polic
Ca 065 064 057 065 066 069 065 066 065 0.66 i e oy S it sagn S ppilS 11989) Loy ympialS SUs o 5 e yolic § ons]
Na 033 035 036 032 0.34 032 034 034 034 035 S_) aims oo (i S5 0 olic 5l s lsen S (F Jgaen) o5 Usg slumg S sl D5l
K 0.006  0.008 0.01 0.01 0.009  0.008 0.008  0.008  0.009 0.009 = ogdlee Lo S o 0alS oleond S 5 (AP b e ol S o Sa s
An % 6545 641l 6031 6628 6516 6753 6521 6514 6442 6464 o0 tf ol e sl Ly alte s, VA L + /¥ Sr(Ph=ppm #YY L YOA)
ST awlis il (Sa b 45 (NMORB V7 L F Sr(Cpx)=ppm AY L ¥+ 5 Zr(Pl)=ppm
Ab Y% 3385 35.03 38.55 32.67 33.92 31.55 33.98 33.97 34.60 3441 © B 2 ‘5{ ‘; ( ) ( P ) pp ) ( ) PP
(Lier al., 2014) sas so oLt S ol ol lagei 45 ol @H(CpX)=ppm
or % 068 08 112 103 090 090 08 088 09 0.94
Ve DI 5 S SIS 50 oud 5 sliial b aims 3,5 i 135Uy oyl 055 i Lib-Lesipue; 5 loSle (sla Sy VPR e ol s S oyl it Jlo esels s VEE
S U s olie gisi as, ol 2 esdle 19922) 3 o A (slglie [ (V<) ) Lesnov Sample IR-FNG32 IR-FNG34
i 3 ; . . . 0L Rock type Gabbro Gabbro
Cdadl L oo gl L altio 53 Lo 3 o 6Ll slaiSsmsnds 15 Sl o olis e -
: . . Mineral | Unit Pl-1 ‘ Cpx-1 [ Pl2 Cpx-2 Cpx-1 ‘ Pl2 ‘ Cpx-2 Pl2
Sasl 55 sl DS sk (Lesnov, 2010) el plosl cdedl L bl )l gam g cdandl U das s v X
T Jyo
S S5 U olie jl (Fos s Buce sl L by gls il as ool oade cpl ol 7t ppm 0.74 167 192 482 16.1 037 110 0.026
ol ot a0t Gl sla Sy aes e Lts o Cad S 0l polie j (Sadl (Sacs Nb ppm 0.074 0328 0.053 0.149 0.093 0.030 0.058 1.02
, ) L . L e i . Cs ppm 0.13 0.28 0.14 0.19 0.14 0.88 0.19 408
Lol S oSt Sl i 5dse ol iyls E ot Ly L5l sy gls
. . D= Sy YDA : SU e e S Ba ppm 193 6.74 15.29 3.93 5.02 41.76 5.52 1.14
Sly————en Sr(Pl= — ppm) St SUy slaiaSam 45 Lol ol Sk Pb ppm 0.49 0.23 0.39 0.17 0.28 116 0.29 0.018
ol o a8 LoDl L 5Ly sladSndly A azg L aes e Gl S S & S (Sl Th ppm 001 0.14 0.03 0.05 0.12 0.02 011 0.018
amd e Gl |y At O o Slmle Ly L sy glsil b (SUS 0 ,olic alin gy u ppm 0.001 0.037 0.004 0.020 0.044 0.004 0.038 0.006
. L . . N Y ppm 0.45 8.97 1.26 2.78 133 0.30 12.6 0.346
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oy () S e s 550 oyt Jlot o Bl Wil y lyse Lkl aos slassys a5 3 crors’ VTR gl oplir 5 o oyl it o il Vo
L sl gt ) b Gl (S allaie 50 0 iS5 Sample  l-sh4  I1-sh-19  2sh-16  3-B7  3B-10  4-sh-3  4sh20  4-sh-23  sh-51  sh-6-l
. ) Jsaz aalsl
(Gill, 1981) a_sly il 8 slaasgy L bLs) o looce cladilare cLacss 5,505 1l
St P Eeiald < A Ba 760 900 900 760 850 970 860 920 900 590
5 Set— sy i o 0955 slaasged Sl jladse 1 - alola Sr 780 940 890 740 930 840 910 930 950 930
JORUBRVEIN 1 JUE N JE DR VU Uy ISR 0095 5l digei 10 g adlpdol b Slaassla o Zn 68 64 61 51 61 60 80 67 61 60
el YU s ay adl 5 oLl 5 jlone ddlate g 50 e 40325 plowl (sl lgae SLsiasT aes Ag <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
o Cce 447 54 51.8 282 70.1 516 487 518 547 545
S8 L33 s (3 o] B S, 4 § ICP-AES § ICP-MS s, L,
IR o= S0 - ek ? o o 45 74 7 58 84 63 64 71 658 65
Laasiged plad;d memedS sl oo)s 45 0uds ey @l a8 ot JLo)l 1L SGS w5 1 4y 053l cr <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
aihie sl )0 Ca0 Slow) amle ol el oad o35l Y o) glaJsaz o Lol Cs 15 15 15 21 0.8 57 18 17 15 14
aibie sLackiw o 5o VAP s> Jlsa s 5 gams ailaie sLaKi s (g A Seb gl Cu 53 49 52 21 70 46 47 74 50 49
. Dy 1.33 13 114 0.93 1.53 L1l L1s 121 13 136
U oSl (Sl s FIFY g > alol s Boass oo LS s oot sl il s
. N " AL = S T e Er 0.58 0.61 0.56 0.38 0.67 0.52 0.53 0.67 0.56 0.54
s = 0% e sl Y e L Sl 00 00l (VAVR) ¢ LSan 5 Cox Eu 0.91 0.92 0.88 0.62 115 0.83 08 0.88 0.95 0.86
sloagls ss >godeayal sl b5 Jsa o 59 lsas adlate Lok losos il d a g Ga 20 20 19 14 20 19 19 20 20 20
el Lnaigas ] )3 Casigm 0mg s lopuniliy o adl ol ailais slacKi 5 ooy, o390mme Gd 227 2.14 209 15 3 2.08 218 218 228 242
5900 YIVY Jlgus slmasipni 0 Ko (5:Sle) alate s A JS8) 000 e )18 Coruls o3game HE 3 3 3 3 3 3 3 3 3 3
S e CF ot Ho 024 029 02 0.16 029 022 023 0.24 0.22 0.24
Sl (e s B e s e il .. .
o K S S BLA Sl 90 ol slaSios alis La * 279 66 137 356 26.7 25.1 268 286 282
Jlga—s ailaie Lo 3 Fe05 uo)s sl b plod B agd ¥ Jgaz oains JSa5 polie Lu 0.07 0.13 008 <005 009 0.07 0.07 0.07 0.07 0.08
ol (gl e a (o) YN0 uSile) Sy (Sl 39y o odaliie ¥ Jgaz jo 45 Mo <2 <2 53 < < < < < <2 <2
33 a1 ol i (Sl g el 0,5 sl IS VVAY) sl YU o 4y ailaie 55 , 0 4 SIO, No 3 4 3 ! 4 3 3 4 4 3
2o il . . . Nd 202 213 202 127 287 201 19.6 208 216 21
(o YN Sile) adly ol s aibaze glacn ilate glys ooy FFIF lsis adilate ol aoys N s , . . o N . S = .
g Ol |y Jlsie adlaie g S Samals oL VU Jlade ol 48 (e ols Pr 528 588 565 33 7.88 554 532 5.64 6 5.92
etz g el 1l 0,5 sl LS (VL s adlysolis g Jlgae ailate St loasses (gopml Rb 532 58.5 577 213 485 605 604 586 58 558
s Lo yo 0,5 Sl S 5 laS s 3 ALO; YL s iy g3 sm 36 34 33 22 46 32 3 33 33 35
Sn 2 2 2 1 1 2 2 2 2 1
. Ta <005 <005 <005 <005 <005 <005 <005 <005 <005 <005
Aol Lt dass slaodgs oloondssy sty i =) Jyor
< ot slonimd w5} Jy To 029 032 025 0.18 035 025 025 025 027 028
Sample  l-sh4  1-sh-19  2-sh-16  3-B-7  3-B-10  4-sh-3  4sh20  4-sh-23  sh-5-1  sh-6-l
5 . 3 . . . 3
Si0, 6732 664 6601 694 63.9 66.65 658 6604 6598 6578 T > 82 81 27 88 8 8 84 84 8
10, 04 04 041 034 057 04 04 04 041 043 T <005 <005 <005 <005 <005 <005 <005 <005 <005 <005
ALO; 17 165 16.66 13.72 17 165 165 165 16.7 16.81 Tm 0.08 0.15 0.08 0.06 0.1 0.09 0.08 0.08 0.08 0.08
Fe,05 29 3.05 332 3.08 322 317 318 311 312 3.14 u 1.86 244 243 1.87 2.36 238 228 25 243 253
Cao 3 3.94 3.75 468 3.74 39 39 38 3.98 3.93 v 63 61 62 48 90 61 59 62 61 61
Mg0 028 0.34 1 17 1 0.6 0.5 0.6 0.63 09 2 2 1 <1 <1 3 2 2 <1 <1
Na,O 454 s 513 3.54 5.08 422 4.56 4.76 45 495 y 68 6.6 6 49 79 6.1 62 64 69 66
K0 2 23 254 13 242 242 238 239 24 25 Yb 0.6 05 05 04 0.6 0.5 05 05 0.6 0.6
MnO 001 0.02 0023 008 0056 0.017 0.025 0025 0029 0032 . 9 985 109 156 0 1o & 108 4 108
P,0s 0.1 0.1 018 0.16 038 0.1 0.1 0098 0.12 0.12
Lot 3.02 2.58 1.68 27 3.85 29 34 23 2,01 158
sum  100.57 10074 100.703 1007 101216  100.877 100745 100023  99.879  100.172
84 () S e ol ed (555 0 3yt 5 o 5 iy Aol lyae JLEALST an claoogs WAF s ez 5 o o)l it Jlo sy s V6o
(Sl 05 458 5 (Y- +3) Keshtkar 31 Jlys oLais] ans slacKin ol 4528 Alsols 5 lge dilate ol polie olariys aulio T Jsax
Sample 1M5 2M1 2M10  3M4 4M9  4aM13 5M1 SM7 5M8  5MI3 6MI1 6M7  6MI5  6M20  TM2 Madvar Area Shah Khairollah Area
S0, 7103 731 7298 72 7147 7166 7238 7214 7228 7162 7147 72 7089 7183 7191 Element Variation range Average elemnts Variation range Average elements
TiO, 032 032 03 03 034 033 033 033 031 032 032 0.33 0.34 0.32 0.34 Si0; 70.89-72.98 792 63.9-69.4 066
ALO 12.42-14.1 1332 13.72-17 166
ALO; 13.61 13.42 13.1 13.35 134 1344 1344 1242 1301 13.07 1372 1336 14.1 13.61 12.81 o
(Fe:09)r 207225 215 29332 312
2.08 2.07 2.08 211 217 2,18 2.08 225 211 2.16 207 2.1 23 2.19 223 a0 2.68-3.48 296 3468 433
CaO 348 2.58 29 283 293 3.03 2.84 334 2.86 337 2.96 2.87 278 297 2.68 MgO 0.54-0.87 0.67 0.28-1.7 0.75
MgO 0.59 0.65 0.74 0.77 0.87 0.69 0.54 0.61 0.87 0.58 0.63 0.6 0.79 0.58 0.66 Na,0O 3.98-4.59 435 3.54-5.11 4.90
K0 3.03-3.34 323 13254 249

Na,0 459 408 433 435 43 444 457 398 431 436 452 446 452 435 414

KO 315 326 326 327 334 303 306 329 322 326 319 327 321 34 38

MnO 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 003 0.03 0.03 0.03 0.03

P05 01 011 014 011 012 011 011 01l 012 01l 012 01 01l 013 012

Total 9898 99.84 99.84 9986 9981 99.86 99.86 99.83 9984 9984 9984 9983 9983 99.84 99

Lol 0832 022 0 073 084 092 047 132 072 096 081 071 076 042 172

Ba 561 564 543 545 521 561 546 571 566 556 551 575 575 535 568
Ce 71 66 41 60 7 35 0 3 71 31 52 65 34 23 70
Co 4 5 6 4 7 3 2 2 3 2 2 1 5 5 2

Cu 38 57 37 30 48 35 42 52 44 61 33 48 66 57 47
Nb 4 3 1 0 5 6 1 3 4 4 4 1 2 3 1

U 2 4 3 5 0 3 1 3 0 1 2 2 5 4 0

Ta 05 0.7 04 03 02 0.15 N 10 025 03 04 02 03 04 16
Th 4 6 4 2 0 2 0 2 2 H 6 1 6 N 8

cl 128 65 65 79 316 11 6 186 51 54 47 95 29 20 241
Pb 14 35 18 17 17 14 19 20 17 18 13 9 15 14 16
Rb 56 56 58 56 61 61 61 59 61 62 61 60 64 59 58
st 472 488 500 479 521 510 525 49 517 533 562 477 537 523 492
v 31 34 40 37 36 38 36 38 39 36 36 35 38 37 37
Y 12 12 12 12 12 12 13 1 12 12 13 13 13 12 12

Yb 044 0.6 02 0 0.7 0.7 N 033 04 0.44 05 0.14 04 04 0.6

Zr 139 144 147 140 146 153 150 151 159 156 156 149 165 147 150

Zn 52 47 50 48 52 51 54 55 49 49 50 48 a8 48 54
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Madvar Arca Shah Khairollah Arca Adakitics
Si0,>72%Wt Si0,266.5%Wt Si0,>56%Wt
ALOy~13.5%Wt ALO~16.6%Wt ALO15%Wt
MgO<0.87%Wi MgO<1.7%Wt MgO<3%Wt
=400 ppm $>700 ppm 1300 ppm
- The lake of negative anomaly Eu The lake of negative anomaly Eu
Y<13 ppm Y<8 ppm V<18 ppm
SHY~41.70 Sr/Y~137 SY>20
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High concentration of LREE

- Low concentration of LREE
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o 5 ol sloaaly Laces ool [ ol
s Laloste Lo o sl slals ololis ol
it Lo 0gd a1y oSLo glalid
Yo il YL La/Yb 50 5 Y SmYYb e s
P slie 5l ol polie 5 oS oamap,lis
2 ol 5 Sl b S SLS
(Haschke and cul Lo 53 Lewe sasile Bb
&ly— SM/Yb o o _ugie Gunther, 2003)
Lo s PIA L il adlSoll adlate slasn
)8 jemax Slis g ol 8-/ L ol La/Yh

comiman el LaleSle oyl wgd Ltiie asls o
oo Ltie o, sl> Lo ols a5 ol
s SIVYb s La/Sm Jlsg—ai jl s
Sladssas gl Jloged ol 5l oalail 5,8 solazl

e ol Jace acw LaceSTol L 350 50
LBl gy 5 O (Gl il sa
(Defant and Drumond, éia 5 Ole—= 59,9—2
Cromnd iy 098 (o (Kay et al., 1993 :1990
Wy 055 L 0al mudd g 0,5 dlwgy (Sl

. Sis % (5 L) (ol
Martin er al., 2005 Castillo et al., 1999)
G—,% (z 5 (Chiaradia, 2009 «Castillo, 2006
s og 8 gl as 8 Late gLafle 5l el S
(Macperson  «Castillo et al., 1999) YL, ,Lzé s
bl slacsiy Lice
sl 4l S0 o b @l 5 adlpold g Jlose
S ol ol slacamas coul p3¥ sacd ol
8 Lo |, Sm/Yb g La/Yb La/Sm iasile

5 sl et al., 2006

ATAY s oo ez 5 o olacd st JLo sl

\5¥

YL olie s HREE 5 Y (ol polie L ilato
S el ST lalaSlo al_ie SEY 5 St
Y0 L L)) 58 (elymiel sl 090
(Wang e al, sl 55 o ior (s iay LS

(€ 5B AY JS) 2006, 2005)

{ 5 3l ool e =

— 1y s FeO+MgO+TiO,Na,0+K,0
(Patino Na,0+K,0/(FeO+MgO+TiO,)
Slyoe slaKiow a5 s o Lzs Douce, 1999)
Sl iy g3 sl a I sel 4y
D% JS5) o n (e Jgiel) S jblie
Lts (YD) s S QYD) g 5l slicol
N O e SO W )

(E-F JS) S e

Slwosgs 59, oadplonl glotogiy 4 axg b

A5 ol Sy adldels g st Sliits] ans
5 lgome Sliais] dad sloosgs af b S axs
POV N WIS PR SV 1 P [P

A (G5 py S Bl L Sl 5 s

S L 5l s e gl | SIS
loyL5 sl L Lo, e adl el 5 Jlgae 3blie
s LREE/HREE cos 539 YU &8 aiios Jlad

e 35 s s ol ST 5 Si0 ALO; Jlaia
oSl oo a1, 3o sl 2, SYb Y
LI P PN It |
Sl el s e sla K sasias LSS
Ay 555§l ol e S ) ik oSl
05555 cdsmiel o)l am 0 48 (gl

ilodal 8529 4 Censl 0y

gd Lita ;0 45 wms o it el ool ailats
el 03 Jomly el ailaie ol sl
ol ol (S L amts ool 5 B JS)
B e

A5 el ool Lt oad plasl (sl tagi—s
5 sl alg o (ST laleSLe
L 93958 gl gy cgiol slacSis
S5 S5 (6 ml sgamme s (slo LS 4wy
Wang et al., Drummond et al., 1996) xg—i
5 e asibite o Slzaas] aas sLaosys (2006
gy 295 o bgye 45 sy e S5 @ dll ol
w95 5l 4 alaloSle |5 aiils 59, (gl Sl
)lomal shls wig b ol lo)LS aty
o sleasses ST AS Sis w0 o aies St i
Sl 5 Sl gydga el S adhaie g
235 Oly—Tie—e sl s el e (g Loials
2 lalesle Lo lyie a1 55,8 ogildl 4ty
La/Yb>FY (VU caai L oo ol b S i
A5 (4l 3ol ailate (gl su (g S0l o)
gy Gl jl ol sloSle (oS USa Lo
OV PIVEEE’ SV R PRI P CH Bk O A o7 BV
ek ol (La/Yby>Ye 5 SHY>YY
oasilyg% o I Lyl o e Silo all 5ol
(Condie, Th/Ce ,—l, ;o Th Jlog—oi o .ol
(SloyLb At gy 5 gildl Lite 55 45 1976)
55 8 GLaasges 0 o liz pa I, Lace STl
a5 ek plen sl a8 S 15 () (g9, ailats
blie ol Lackw sy oo sunlive (C-F JS2)
I8 opB Capipe 5 gl Lt Ly Lapona o
HpSe

oo Loy slasSl ot 48 cllas 5 opdle

55 slackiw sl ol ole ol i




150 (Oles) Sl s et 550 Brtiogir 5 Jlod 5o ey ol 5yt AT as laosss 555575 5 oot (S5

| B T T T T

gk E
=]
o -

2l i

Pl Am Ga
o i 1 1 i
2 A 3

-

(8,0 K,0) AFe0+ M0 Ty}

(Defant and Y ), o STV Ee s esli (A -5 S5
Aol 5 g Seass] ans sloSiw (sl Drummond, 1990)
ol 5L ac STl esga e o Lgilaana s
ailate clacSiy ol slaSlo L S i S5 (oS 5 (B

s op 3 g Laa 1o 1, 268 (6 by lodigas sales .l ol

Lan/Ybny

{(Haschke and Gunther, 2003 &ay and Mpodozis, 2002) w3 oo

aasi sLsesgs (Condie, 1976) ThiCe ,l, ;5 Th Jlss—ei (C

gy Lo Ly (glocaSTol ogama ;o allusold 5 lge slaiss]

g (D sala 85 1,8 g 5o ey gl

Ybx (ppm)

g (E ok ogd Lia Lauiets I, (Patino Douce, 1999) NayOHKO/FeO+MgO+TiO, L ;3 NaO+K,0+Fe0+MgO+TiO,

o 5y Aol aibais sladiges usse 5 (Defant and Drummond, 1990) (Yb)y 1, ;s (La/Yb)y

WWAF le) p)lez 5 S 0ylad ot JLo cg3sls s
RockChondites  Thompson RN 1982 o Chondites — Gum MeDon-1989-REES
v e S Medo BRREE
-
o

L M SR R R 1= —|
! P T R S S S S
BaRbThK NbTaLaCeSrNd P SmZrHf Ti Th Y Tm Yb La Ce Pr N PmSmEuGd ToDy Ho Er TmYb Lu

S oS ol (SaSTn o SIA Y S
el et s o yoiS 4 o o e3lle s
GsSie Jss—ei (B (Sun and Me Donough, 1989)
ol ailato gl S 4y o o e
4 oot 3l SpeSie 305 (C (Thompson, 1982)
oo Sltassl aes oK gl Copps

(Thompson, 1982)

&)l Sl

9 S (gl Tk Djgmo o il gy AL an Gle olStagl el Sl GBS
zleion (1,08 ol sl oY SISl 551 ol 8 5 6, Sen
&be

Bahrambeigi, B., Ranjbar, H. and Shahabpour, J. (2012) Comparison of data and spectral driven methods for
kaolinite-bearing area mapping in Masahim volcano, using hyperion images. Journal of Economic
Geology 2: 199-215 (in Persian).

Bahreini, B. (2012) Petrology, geochemistery and petrogenesis of the Neogen subvolcanic massifs in
southwest of Rafsanjan. MSc thesis, Islamic Azad University, Zarand Branch, Zarand, Iran (in Persian).

Chiaradia, M. (2009) Adakite magmas from fractional crystallization and melting assimilation of mafic
lower crust (Eocene Macuchi arc, western Cordillera, Ecuador).Chemical Geology 265: 465-487.

Castillo, R. P. (2006) An overview of adakite petrogenesis. Chinese Science Bulletin 51: 257-268

a4 (o) S i oyt 35 Gyogiz 5 Jlad 10 aly ol 5 oo SLAAST an shassss St 5 ot ol S0

Castillo, R. P., Janney, P. E. and Sollidum, R. U. (1999) Petrology and geochemistry of Camiguin island,
southern Philippines: insights to the source of adakites and other lavas in complex arc setting.
Contributions to Mineralogy and petrology 134: 33-51.

Complication of Gitast i (2006) Gitas} i Atlantic province of Iran. Geographic and Cartographic
institute Gitashenasi, Tehran (in Persian).

Condie, K. C. (1976) Magma association, in plate tectonics and cruastal evolution, 145-174. Pergmon Press.
Oxford

Condie, K. C. (1989) Geochemical changes in basalts and andesites across the Archean-Proterozoic
boundary: identification and significance. Lithos 23: 1-18.

Cox, K. G., Bell, J. D. and Pankhurst, R. J. (1979) The interpretation of igneous rocks. Allen & Unwin,
Sydney.

Dimitrijevic, M. D. (1973) Geology of Kerman region, 1:100000, Yu 52, Geological Survey of Iran, Tehran.

Defant, M. J. and Drummond, M. S. (1990) Derivation of some modern arc magmas by melting of young
subducted lithosphere. Nature 347: 662-665.

Drummond, M. S., Defant, M. J. and Kepezhinskas, P. K. (1996) The petrogenesis of slab derived
trondhjemite-tonalite-dacite adakite magmas. Canadian Journal of Earth Sciences 87: 205-216.

Dungan, M. A. and Rhodes M. J. (1978) Rsidual glasses and melt inclusion in basalts from DSDP legs 45
and 46, evidence for magma mixing. Contribution to Mineralogy and Petrology 67: 417-431.

Esmaeili, M. (2012) Petrography, geochemistry and petrogenesis of Anar-Dehaj adakitic subvolcanic
massifs (north west of Kerman). MSc thesis, Islamic Azad University, Zarand Branch, Zarand, Iran (in
Persian).

Fazeli, B., Torabi, Gh. and Ayati, F. (2013) Petrography and mineral chemistry of volcanic rocks in Kuh-e-
Siah (north of Gavkhuni lagoon, SE of Isfahan). Petrology 15: 17-38 (in Persian).

Ghadami, Gh. (2008) Petrology, hemistery and p is of itoid massifs, volcanic and
subvolcanic (Adakite) north west of Shahr-e-babak, Kerman. PhD thesis, Shahid Bahonar University of
Kerman, Kerman, Iran (in Persian).

Gill, J. B. (1981) Orogenic andesites and plate tectonics. Springer, Verlag, Berlin.

Green, T. H. (1989) Anatexis of mafic crust and high pressure crystallization of andesite. In: Andesites (Ed.
Thorpe, R. S) 465-478. Springer, Verlag, Berlin.

Haschke, M. R. and Gunther, A. (2003) Balancing crustal thickening in arcs by tectonic, magmatic means.
Geology 31: 933-936.

Irvine, J. N. and Baragar, W. K. (1971) A guide to the chemical classification of the common volcanic rocks.
Canadian Journal of Earth Sciences 8: 523-548.

Kay, R. W. and Kay, S. M. (1993) Delamination and delamination magmatism. T hysics 219: 177-
189.

Kay, S. M. and Mpodozis, C. (2002) magmatism as a probe to Neogene shllowing of the Nazca plate
beneath the modern Chilean flat-slab. Journal of South American Earth Sciences 15: 39-57.

Kay, R. W. (1978) Aleutian magnesian andesites: melts from subducted Pacific Ocean crust. Journal of
Volcanology and Geothermal Research 4: 117-132.

Keshtkar, Z. (2009) Petrology, geochemistery and petrogenesis of subvolcanic masses of Madvar (north of
Shahr-e-babak city, Kerman province). MSc thesis, Shahid Bahonar University of Kerman, Kerman, Iran
(in Persian).

ATAY s oo ez 5 o olacd st JLo sl \PA

Kirkppgtric, R. J. (1992) Nucleation and growth of plagioclase, Makapuhi and Alge lava lakes, Kilauea
volcano, Hawaii. Geological Society of American Bulletin 88: 78-84.

Kretz, R. (1983) Symbols for rock-forming minerals. American Mineralogist 68: 277-279.

Le Maitre, R. W., Bateman, P., Dudek, A., Keller, J., Lameyre, J. Le Bas, M. I., Sabine, P. A., Schmid, R.,
Sorensen, H., Streckeisen, A., Woolley, A. R. and Zanettin, B. (1989) A classification of igneous rocks
and glossary of terms. Blackwell Publishing, Oxford.

Macperson, C. G., Dreher, S. T. and Thirwall, M. F. (2006) Adakites without slab melting: high pressure
differentiation of island arc magma, Mindanao, the Philippines. Earth Planetary Science Letters 243: 581-

Martin, H., Smithiesb, R. H., Rapp, R., Moyen, J. F. and Champion, D. (2005) An overview of adakite,
tonalite-trondhjemite-granodiorite (TTG) and sanukitoid: relationships and some implications for crustal
evolution. Lithos 79: 1-24.

Moyen, J. F. (2009) High Sr/Y and La/Yb ratios: the meaning of the “adakitic signature”. Lithos 54: 365-
372.

Muller, D., Rock, N. M. S., Groves, D. and Groves, D. L. (1997) Geochemical discrimination between
shoshnitic potassic volcanic rocks from fifferent tectonic setting: a pilot study. Mineralogy and Petrology
141: 259-287.

Patino Douce, A. E. (1999) What do experiments tell us about the relative contribution of crust and mantle to
the origin of granitic magma? In: Und; ding granites, i iting new and classial techniques (Eds.
Castro A., Fernandez, C. and Vigneresse, J. L.) Special Publications 168:55-75. Geological Society,
London.

Richard, J. P. and Kerrich, R. (2007) Special paper, adakite-like rocks: their diverse origins and questionable
role in metallogenesis. Economic Geology 102: 537-576.

Rittmann, A. (1973) Stable mineral assemblages of igneous rock. Springer, Verlag, Berlin.

Schilling, J. G. M., Zajac, R., Evans, T., Johnston, W., White, J. D., Devine J. D. and Kingsley, R. (1983)
Petrologic and geochemical variations along the Mid-Atlantic ridge from 27 N to 73 N. American Journal
of Sciences 283: 510-586

Shahabpour, J. (2007) Island-arc affinity of the Central Iranian volcanic belt. Journal of Asian Earth Sciences
30: 652-665.

Shelly, D. (1993) Igneous and metamorphic rocks under the microscope. Chapman and Hall, London.

Stephen, T., Nelson, S. T. and Montana, A. (1992) Sieve-textured plagioclase in volcanic rocks produced by
rapid d ion. American Mineralogist 77: 1242-1249.

Sun, S. S. and Mc Donough, W. F. (1989) Chemical and isotopic systematic of basalt; implication for mantle
composition and processes. In: Magmatism in the ocean basins (Eds. Saunders, A. D. and Norry, M. J.)
Special Publication 42: 313-345. Geological Society, London.

Taghipour, N. (2007) The application of fluid inclusions and isotopic hemi: as expl

altered and mineralized in Madouk porphyry copper deposite, Shahr-e-Babak, Kerman. PhD thesise,
Bahonar University of Kerman, Kerman, Iran (in Persian).

Thompson, R. N. (1982) Magmatism of the British Tertiary volcanic province. Scotland Journal of Geology
18:49-107.

Tsuchiyama, A. (1985) Dissolution Kinetics of plagioclase in the melt of the system diopside-albite-
anorthite, and origin of dusty plagioclase in andesite. Contributions to Mineralogy and Petrology 89: 1-




I3 (o) St e it 555 50 Gptmgiz 3 Jlad 50 adly Alysols 5 g SLaasT aass sloosss 5555, 5 omrds’s oo sdl T3

Wang, Q., Mc Dermott, F., Xu, J. F., Bellon, H. and Zhu, Y. (2005) Cenozoic K-rich adakitic volcanism in
the Hohxil area, northern Tibet: lower crustal melting in an intra continental setting geology. Lithos 33:
465-468

Wang, Q., Wyman, D. A., Xu, J. F., Zhao, Z. H., Jian, P., Xiong, X. L., Bao, Z. W., Li, C. F. and Bai, Z. H.
(2006) Petrogenesis of Cretaceous adakitic and shoshonitic igneous rocks in the Luzong area, Anhui
province (eastern China): implications for geodynamics and Cu-Au mineralization. Lithos 33: 1-26.

Wilson, M. (1989) Igneous petrogenesis: a global tectonic approach. Unwin Hyman, London.

Wones, D. R. and Eguster, H. P. (1965) Stability of biotite: experiment, theory and application. American
Mineralogist 50: 1228-1275.

Wright, F. E. (1951) Computation of the optic axial angle from the three principal refractive indices.
American Mineralogist 36: 543-556.

VA gl i e 5 o ol ot o usilyr

VAFIVY amis AFAF liams ) oo )i 3 Comnnt 05lodh i S (53909 s

VWRFN 1V 2l VYAV F1o 8 il o

(2B (sudgisil ) 0395 ol slod 9 ;LS (run
(ol § pbogior) (o5l 515 Lulgy wliol

' S bLD s s 3" el s T Arl po (6 yhio ilnd] [ LS Sgeme ot Silhol 5 yguane rted
Sl oleial ool taio olKils (Gane cwiige saSiils |
Sl eleial olgial oKl gle 0aSils ¢ oulidiao 05,5 ©
Sl el VATAO-TFAY (gl olfils o ilidiirne) 09,5

X e

sl Fise (i S o o ls I8 Gl i a3 5 Oledel Briosmogiz 0 (PBOIS wiglS eog
JRETSFTINE IROUYE R IPGC I UPRE UV I RV DS NI NRE R K LN LN JOIK RPRCINC K

sl i pae 5 25009, LSS o ColS j5 i ccizean 00y 13 1y S8 5 el Wil WEiloskens
i sl ol il el 1 i el slacSin i g ol 4125 Wlgia LagdISTT ;3 ALSIOs (slacs e L
o0 8l slaglS (aBloe g8 sy Gl 5 oS LS bsS e0g (nl Slacs 0S5 (s slaailocdew s
P i 50 Ae Db sass iz g0 St bt (il SlaKis s 5 ST Ll 4 2 S e o
Bl 8 ol 0 LS5 o 55lagenlin oty i 5 Conlanks 305 0,51 b LS VD JLid 5 o] Sl a2 VY- b
iy 53 ST GV el 5 SI0; ol e T S Ll il (605 o b b lSeleosgosl] gl
ol Jolanels (S b lagle, s S 5 S 5 ol s S jpae oo ol |y ool 5l (8 ke
LS s ] S 5 L el LS el o] Sl a3 YO+ oYL sl 5 lles 50 sbsS
ol oKl 420 AB+ 51 i Sl 5 aghS VA S i e b shS B B L Ll a5 ol oleSle olSinls
Sl azs A BV ool 3 0558 al 055 Ll slos 5 Jlald (oo ( SSLA IS Ll L 0l
a3t o SIS 955 S Gl 3o LSS 5 59 ] e o 25

e e aiies aigg + 2B 2552315 S bomsgiagll (LB Ly, oo 5 LA rguds slooly

W e LSz | (gloy LB ai gy SLg8 Crod Aodilo

Slsaz ai s )5 S gl cenl Ssobs pise a8 ol Jds 4 daasgnl S

* mansouri@cc.iut.ac.ir

Copyright©2015, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it with others as long as they credit
it, but they cannot change it in any way or use it commercially.

ATAY s oo ez 5 o olacd st JLo sl

WY

gs— (Y++)) White 5 Chappell oy &5
el sa S o0l e 25 S gl el S
(¥ +¥)Khalili 5 (Y490) Tabatabaei Manesh
125 o (S SS b ome L | 0055
L 555 s S sl p il oo da e
O5—ee VEFIFEY/Y 035 5 o ol o U-Pb g,
el el s ay (Sl Sl i S
(Y+\Y) Safari  Mirghaleh (Chiu et al., 2013)
5 @lree GlasShy w39 (ol 4 Sl wdiae
oty Sl a5 el S

AR o

Ol OIS il gy 58 il )

S5 bl 5 (S slas Sy LS el
SRS a3 5 ooy S gt S
S5 B ey 03900 S 5 9 Pk
S sles s lsd bilb ol mloiasl s

Dgd ywend 0395l BS2S

ilalo gulidigyre)

lelis ) sl s LS Loy S s,
531 8 Bt o el ady) Ly osSil
g A 0 S St i
3 2B ($5di 0395 35 sl Sl
Aol g0 53 (BB (slaog S Wit Ly sl
O JS8) o)l 3 g 5 55V slapls
OtesS lysS b amii wlid a8 0055
s Lo 09,3 4s (Chiu er al. 2013) acsly s
e 03,5 S5 () S5 slaSimanle
gt o) £ Sl ol 5 S5 4y
B T e A B N e

i S o ds sl Sl g (g35i 0395

i g aS s bt (a8 nles]
9 Jet aile (o) LS 5l 5l
e Sl S S5 L ole S5 4 Sas S
DS gy hliie ol 45 y30 50 5 39d o0
B e AL AR P T
Slaml (§55,50 g5ie slaGlS asseme o LS
Vool 80 sl ;5 LacSiy wouigyminy
Sl g ol e 03 4 £9,0 o Kzilw 4z o
Sl sl s Gl o> (5
Slss 5 ot 5 S M5y lals JLSIT

SR O DU 5] BT

63l Olie 5 SendS DS ik
(Hall, 1987) el 3,155

gy sl enga e s il S sLaSLe
Jsloe Slao s Ve spa o L5 wilsi s s
S3b oeSiles y3b an Lo gyl 5 0l 4l
B¢ Jeozto Sligmusy ;ST ok Clao s Y LY
Lo s aslyms sasle iy slss 5 wisd wsd aoys
i 31 s el (el i T ) s i,
S Sl bl (ol g aales SLS
298 adal (sla ggulio ploos 098 LS el p3¥
9= 23l Jlozalinlpls 08 el ol
ST Lo LS gelyoems il 09 sl L
5 s 9 5 S oagaSnn saile
2 s WDyl om0 SagSne
Oyl GVl 5o il e 5 gte slales
(Hyndman, 1981) &g oo 2Mie 5 Sl 5o

odas y3b oS5 Ly (BT (3985 005
90> 5 g Sl late Sdgiate oSl S50
I pleisl (Ftos s ey LS O
a L, (Zahedi, 1978) (V JS——%) o)l




e (el Groopz) GHLAGS Ly ool 2 (2B Susidl S 0358 ok los 5 )Lad (o

Sl y35 4 HlsSoms |y O o (F21T) L
O U5 ol s Glo

Sl 00t oaigy jloagly Siwgl SS L cp

5 Chit by v Wl e s

92000 . ek e
(Zahedi, 1978) 55 oIS aibis Gussisl § o355 ilidien; 425 -) IS5

SlSsk

(S s e oo a1l
i A (2BNS 0395 (sl S Lo
5 il Fo5ige el T ol 53y
e Sy ysgil S

el e ol (555 Lo
el 00 03,91V gz 0 5 aalsl o

5 s ol BB ailate 5 sl S
o3y Saile LS il b o Loyl
1) 6y Conmg 3500 (S 09,5 59 4y S

ol pan e ol slags i, a sl

Sl Sa59e 5l @l S 3509 5 03 oltis
g s osalin ;o SV a >l Jlod 035y
ol el Laes Jo b asy il slaas,

ey el by,
$o—giilS 009 5l (60 masiged ey
b g 85 ol wlas B S
Olympus-BH2 Jo—s 5l My 95wy e
XRE (25 Ly Laasges J5 S 45205 02 plonil
5 s, aloml Lo jal Go¥ls g oKl
AgFY Ve sl s SLS o (omyp sl m
559l M= slaSlS jl sy o ais
s L gy 3550 slaiw slacs)l5
,o Cameca  SX50 59,280l gl S5, 4500
Wod ol o LS5 al LaadSgl olSsils
5 Lol )l Jo—e b dlons sl—
Sl slmylogai 5l tny oo 5 e izeon
oslix .l Spread  Sheet 5 Minpet l;—sls, 5

VYA ples iplir 5 o o)lod st Jlo wsisly

\WE

2 S SE slag e 3L e s el 45
ol dilate
Lo ol o Ly 0935 s y0931 5
A JJ3595 5 (S Seng 5l Lol S 5ise
slaa¥ 5 0 el o5 slaas Sjgo 4y
oS5 Gladed (90 s 5 4l S Sal
A g 505y ol (B aled i 5o i b
50508 el To5ige Jlpa )0 eoes 5 b
59 e ((SgST sl Lsd Sl o ey
Ot lon (gupand S amy Gl 3 Lz
L oyt 6 5inSl U g 5, 4 LK
Ll ety U e gte ooy sl
kT lnaS, s T ) a5 Sl
9 Ls ) S5, e85 ) slaalls sl oo glab
Pt 9 el ¥ Slas Yo b cyjgllas]
obabes LacKics ol (s gl j il G
S LSS g5 Soe Slalllae o ol
5 Smlty sl (025051 L5 o) IS 530

Wyl oS e 3 sl LS s g SSgn

o o Do O P R
edalte Sl slagls 5 o5 ) agsS—e
3 ol slacdl sudsndyy 5 Yol 0sdioe

e S5 1, 3 slacdl

oS |y Lacis ol (Lol cla LS asS
OIS 53l L5 ) 53 950 Sty Jlasald
= slaslS g Cem 2rS e an s
il g3 oS Cailork sl
e Bl s e S5 LS al S
AL g o dg e Ve S Lacl Sen
Ol Sl S g Sl S s oeSha

g om sanlive o3 (slocdl

45 a9l 5 5l e l el S g0

oy S PS5 by, S5 A i
S sbe K 5l ey e Ll S
LS sl ims oo ol 0y 5 4y |, ablaie
b oz s Srdled et o iy
5951 gtz Lo oy ymogil S Ly bLS,I o 55y
0355 59y 3 Gl 4l s S o 5
Lo S ol sla SLS i (bles el S gt
55 3 P 5 «Somolty Jlmald 35l55 5l
cslosed Lot s Sy S5l L5 el
ORI ON DU NIV 1 NS POW o IS
Lol Sa5ise (L slo (S 5l ol Sl 5
5 3By Vs lS slac il as e
el glp Bl s o e g
e 9 S 95w (Il yf) S—elS 5—y
0,5 oylil (e gl il e 4 SLDSLE

SIS ailaie sl 5ls 5 ) Jsur

Samples Major minerals Minor minerals
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PSR PRUI X [ JPIICHES | SOMR
(Pattison et al., 353 o joai odilany (lsc
Lol giagll 5 o lali-o 15 .1982)
e 2 Sleddea s s a8 ool
Pl o (G955 slailS plyse 4 lausyisl S
S a8 We-B e 0al (Xenocryst) sl 41K
sl Al a5l 5 (Sl 55
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500t it S S Sl 0ty n VY S
(PPL) 2odlS aibain 1o Coilarl

R T

sl PSS 3 LS sLaysl VP S
(XPL) il lyic o o30S adlaze

NAF Ol ez 9 S oot o Jlo S5l

\AS

(Green, 1977) ;, ganaihie osla JJs
Sg—y pas i g Sk sl gl 595
ailaie lace )8 o a4 Jgl S SLalas
2Ll sl ) oleSle Li e o235
ol b 3 eien (V) JS8) e85 L
9—es 3,ly L Mn-Mg-Fe jlsgas 3l ol oo Lo
sl )8 s Sl S, 4 bl
a5k pleed g osliiwl (—SBS Cyyg09l S
ST gyeld o Laassas aam 555 o oanlin a5
(Miller and Stoddard, (YY JS_) 05,5 o )3

.1981)

S g ol £95 5l oves b 4y caiilaie

[RECTESEREN ]

WY+ Y) ol l—Sen g Harangi oo de o,

—— s MnO<dwt% ljls l—ac S8
S bl el s o1l CaO<dwt%
@l e 3)ls L aiia S e U loShe
laasgil S lac )5 pleeb 4y
MnO s ;3 Ca0 Jlsg—oi s (—slid_5
LSl i 5 bl olf s Ly ylmosgasna
A Lal (Ve JSi) ams s Lts 1S ek U

G5eSTA bl ) (BB a8yl S sloKim Lo (397U 5l 528 i) Jsur

samples Granodiorite Monzogranite Syenogranite
Rim Core Rim | Rim Core Rim | Rim Core Rim
No. K4d-1  K4d-4  K4d-5 K447 | K41 K44 K4-5 K47 | K261 K264 K265 K267
Si0,% 5088 5699 5848 6077 5631 5955 6001 6092 6285 5954 5177 60.09
TiO, 017 020 033 000 020 039 037 000 038 033 024 0I5
ALO; 3174 2744 2606 2495 2RI8 2558 2511 2475 2325 2581 2814 2448
Fe.05* 062 048 0.70 025 107 080 069 075 057 038 067 096
MgO 021 023 026 030 030 021 015 028 016 030 028 034
. 2 20 um Ca0 8.84 859 8.52 786 690 756 755 600 342 434 482 507
o ) ) Na:O 682 531 503 530 568 520 534 549 8Ol 831 716 745
S a5 B e N K:0 072 076 063 058 136 072 068 082 127 099 0.92 145
2B a3 (b slaKi (o SOU el e 2B adliie 5 L)l JS5 0 s SIS Total 10000 10000 10001 10001 10000 10001 10000 9901 9991 10000 100.00  99.99
(XPL) el (PPL) el Si 9.25 1020 1045 1079 1011 10.60 1069 1088 1L14 1062 1030 10.75
Al 679 579 548 521 596 536 526 521 485 542 591 516
L5 sl An-AD-Or Jlss—oi 5 ula )l sals algioe L LS oS s S s S Fe* 0.09 007 009 003 014 0l 009 010 008 005 009 013
R Ti 002 003 0.04 000 003 005 005 000 005 004 003 002
A Ve o )by s LS FI0 L3 0 bajlwals il Lol ol alisie gl Sy Jol> Mg 0.06 006 007 008 008 006 004 008 004 008 007 0.09
(Nekvasil e al., 2000) 555 o 5,51, slasls (35l 43 @l jl jetane ol Ca 250 203 1.63 150 133 144 144 LIS 065 083 092 097
B <. N ] E Na 099 105 174 1.82 198 180 184 190 275 287 248 258
05 0 sl SR Pk K 017 017 0.14 013 031 016 015 019 029 023 021 033
2= SLa LS e 5 (S e sboassed ;5 o)l sbaysh 5l s 5 sadsnil S Catons  19.86 1950 1965 1956 1994 1958 1957 1950 1986 2014 2001 2004
[ SNCOIEJC g NS S SONN | PP B NGO [ L) slagaz) o oslaiwl ey ymagl 5 X 1615 1608 1607 1603 1624 1612 1610 1619 1612 1614 1633 1606
Jstia o, (Hogan, 1996) s sl .5, (Safari Mirghalch, 2013) z 37 342 3.59 353 370 346 348 331 373 401 368 398
Ab 5600 5030 4950 5290 5470 5280 5360 5880 7460 7320 6870 6650
(2Bl S adlie slac S5 g9 pais hls (BB gl T LMDl An 4010 4500 4640 4330 3670 4240 4190 3550 1760 2110 2550 2500
Ao Lacos poil S ‘5\_55\;}4)5‘ 5| 2lediges NS5 Kdgl oy oS 5 g Sl Sl 5 (gaailais or 3.90 4.70 4.10 3.80 8.60 4.80 4.50 5.80 7.80 5.70 5.80 8.50
03,1 ¥ oz 55 ol b as wa s ol b Ol ey Sl 5 s e Lt (sl L
ool = g (Safari Mirghaleh, 2013) cul oo S el M5 gl gl LS
AY (Oleiel 3rbsiz) FHLDS Ly ol 2 G2 st S 025 jols slas g )28 et MYAF Sl ez 5 S o)l it Sl el VAA
(O5eSTA bl ) (2B 53357l F slocios Sl Jlwald 55 25151550, 0328 @l =Y o Sawpley R R Rin Core Corg R R Rin
S Granodiorite W Sy =¥ Jpr bl
o, oo o, P, oo e P o, Structural formula based on 24 Oxygen
TSi 330 321 322 324 324 325 341 327
No. Kdd-1 K444 K445 K447 | K41 K44 K45 K47 | K261 K264 K265 K267 Sum A 330 301 - 324 324 325 341 327
Si0, 65.08 6478 6477 6520 6681 6586 6577 6668 6563 6558 6532 6546 ALY 195 199 203 198 198 195 194 197
TiO, 025 031 025 0.53 018 028 022 000 024 022 010 020 Ti 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.02
ALO, 1826 1921 1861 1843 1835 IS.10 1893 1858 1842 1844 1853 1865 Sum_A 197 201 204 200 200 197 195 199
Fe:0% 068 048 067 0.61 058 064 056 0.00 075 066 037 0.66 :;g :]jz Z(: Zj: 332 33? z :Z ‘1) jz z 3?
MgO 024 0.16 043 008 008 028 016 022 0I5 036 019 016 Mn 014 ™ 014 013 0.15 0.15 013 0.14
Ca0 041 039 037 027 043 037 050 040 031 042 048 037 Ca 015 015 014 014 014 0.16 013 0.14
Na,O 1.67 1.58 126 0.95 1.62 112 201 2.00 1.99 120 1.64 226 Na 0.05 0.06 0.02 0.03 0.01 0.05 0.00 0.03
K0 1306 1308 13.64 1394 1196 1336 1185 1213 1251 1302 1337 1247 Sum_B 274 278 275 271 276 278 264 274
Total 99.65 9999 10000 10001 10001 10001 10000 10001 10000 100.00 10000 10023 Sum-at b0 H00 800 800 800 b0 b0 b0
Alm, 72,05 73.68 7271 7320 7255 7272 7333 7292
Si 1195 1184 1188 1194 1209 1202 1194 1208 1197 1197 1195 1192 Gross S50 550 530 540 S63 607 525 S
Al 395 414 402 3.98 391 389 105 396 396 396 399 400 Pyrope 1657 1553 16.26 1627 16.14 1550 16.04 1603
Fe'* 0.09 0.07 0.09 0.08 0.08 0.09 0.08 0.0 0.10 0.09 0.05 0.09 Spess. 549 499 5.64 5.03 567 51 537 540
Ti 0.04 004 0.03 007 003 004 003 000 003 003 00l 003
Mg 0.07 0.04 012 0.02 002 008 004 006 004 010 005 004 & 10 ok e B
Ca 0.08 0.08 0.07 005 008 007 010 008 006 008 009 007 o :
Na 059 056 045 034 057 040 071 070 070 043 0S8 080 &0 - :y":;:'" 7 P
K 3.06 3.05 3.19 326 276 311 275 280 291 305 312 290 3 =0 : Spesartine i i
Cations 1982 1982 19.85 19.75 1955 1970 1969 1969 1977 1971 1986 1985 =40 Grossolar o
X 1602 1609 1602 1608 1611 1604 1609 1604 1606 1605 1601 1604 =0 e magae Wi fhom metapelaes
‘ﬁs_;_‘ Coalyn)ymug
z 3.80 373 383 367 344 3.66 359 3.64 372 3.66 385 381 20 _J
Ab 1590 1520 1210 9.20 1670 1110 1990 1960 1920 1190 1530 2130 o — = —
An 220 210 200 150 240 200 270 220 170 230 250 190 o "R R ©c © R R =& ¢ 31 2 3 M:() ¥ e W R
or 8190 8270 §600  §930 8090 8690 7730 7820 7920 8580 8220 7690 Lnysh 5 oiiilase pis il T S5 L sl s ppogl S Glacos S Sy ¥+ U
i (Gharib, 2012) 5lEeMS ailaie &)l (Harangi et al., 2002) bz Lize
Ol b Jga b olyen ) (2B dibaie slacy 53985 Slacs )5 (g 28 51555 42525 Mn
Samples Rim Rim Rim Core Core Rim Rim
4118 40.1 40.14 4043 4036 4056 40.75
036 039 022 025 035 034 030
2064 2108 2147 2102 2094 2071 2091
26.98 27.8 27.66 27.83 772 27.61 27.49 sl b b S5 VY
299 3.00 307 3.00 3.08 3.06 305 Miller 31 5, al8 jo LS 05l
203 186 212 189 214 214 201 and Stoddard, 1981)
348 329 344 348 346 330 339
172 171 L6 163 168 180 150 166
033 04 011 022 0.06 031 0.00 021

99.71 99.74 99.83 99.84 99.79 99.83 99.85 99.77
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o359 9oy lje (Safari Mirghaleh, 2013)cul

e e 3 L LS lye 4 lSulwyines]]
il sLacKiw omep T 5 gl am o Wl
Wload 2385 wsisasll 0 o LSS

o w i b Sl (0o VY Ls #) SIO,
5 Sl T 550 o 095 g9 Sl a—dlae
= LS slaKiw TiO, e ol sl Sy

XRF g, b 206 638 gyl 5 slackin o8 5 ol yolis plood 4055 gl -F Jyor

VYA ples iplir 5 o o)lod st Jlo wsisly

2 aS albace )8 ol ol Jo—s
5 s (B8 Ul Sigiol slackw
g jete yiog LI VA I Gy Goe
LSO ¥ L s paslall jl ik slaco 8
(Clemens  wg- o S5 mlo L8 &jg0 4 )b
2l Wl ;e zen and Wall, 1981)
L g 0k sla il (s yg)ls s e bt
A4S Sl 0l At oy sloosly 4 asg
Lol (55 0o pm O L5 Y (goime Ly Clis oole

L3 oS (susginil S 0095 (5lod (ranti
sLe3 AN-Ab-Or Jlsg—oi ;3 o lwals oS3
L Ve oo )l s LS 10 JLsd 5o b lald sls
(Nekvasil et al., 2000) s o 3,51, 3+
P Sy a8 Ll eizon (VTS
S O9dm (el B0ly> (b
0395 59k (slad (et sl il il SL
Si0 e 35 Z1 Jfsgas 3l —2lBdLS w5yl §
L (YF Jsea) (Kemp ef al., 2005) o oalii |

Samples | Granodiorite Monzogranite [ Syenogranite . )
No. | ks K38 K43 K44 | ks K-33 K23 K4 | K25 K26 )5 i pla Gl 6 ks slals e Sy SldaTsed Sa S|y a4y
Si0; 64.00 65.53 65.78 68.71 67.17 67.49 67.61 69.45 70.20 72.00 Az Al i gles Jo g3 5 Cs S dy o SKilw 4z D AP LS AY - oaga e
Tio; 059 0.54 0.49 053 057 0.3 0.56 0.48 035 023 L e i
? S Jol> )Lsks F 5l iy Lad g ol Sle L eloac )8 ag o ol (V4VY) Green .ol
ALO; 1640 1550 16.86 1448 14.57 1492 15.26 15.84 14.10 14.00 e T o e T 4 e -
Fe,05* 5.65 559 573 583 5.68 538 533 297 3.46 285 {(Clemens and Wall, 1981) oy Vel S Gl sl s el S s
MnO 0.10 0.06 0.05 0.05 0.08 0.07 0.07 0.04 0.06 0.04
Mo 117 1.00 0.60 164 Lss 149 148 123 0.94 045
ca0 396 342 505 239 290 271 272 275 2,60 285 An
Na:0 2.19 2,60 238 239 175 179 181 2.18 197 2.80
K:0 335 230 343 2381 331 355 347 293 351 350
P.0 018 011 0.1 011 ol 011 011 0.09 0.10 0.08
Lol 147 1.86 239 236 145 1.09 134 288 246 047
Total 10006 99.01 99.85 9930 99.14 99.13 99.76 99.84 9975 99.27
Ba 300 204 291 210 256 237 300 123 3175 305
Rb 12000 13890 13620 15480 14675 14350 14325 15000 14450  18.00
S, 2 2 9 2 9 5
st 310 215 210 210 19 19 210 200 190 185 100 - 2o
z 384 470 460 390 410 208 348 400 341 330 ——— e .
i 1320 1250 12.59 10.67 13.96 1429 14.79 893 1433 16.60 0 e — —
Ga 238 27.00 22.00 31.00 2250 20.60 33.00 30.00 35.50 30.00 s 55 60 &5 70 L Ab Or
i 5236 2490 5420 2630 5265 50.05 6270 57.00 43.40 40.00 s ' S Dz::" o v o ls S AnAbOF | .
s Sl S ev bk YE s 5 sk (L5 AR-AD-OF l5ai T
Ni 120 135 130 125 1s 1s 130 120 13 13 S g3yl 03 o Sl ok ol sles 53 A5 T
cr 5800 55.00 62.10 49.85 60.00 57.00 50.50 53.00 48.00 64.00 (Kemp et al., ol Sl az )5 AP+ AT+ (slos o0game 5 slos o5l 53 2BS slasdgndl S sl lowald
Hf 4.00 385 347 3.64 4.60 428 451 3.05 379 3.50 :2005) (Nekvasil, et al., 2000) o Zsilo a3 3+ bV
o 1500 1431 1425 9.78 1429 1076 12.70 10.19 1611 1.00
425 4.10 400 435 4.00 3.90 390 440 405 3.90
Sl 555 La JLS Seals bl Az
u 165 1.60 146 116 155 171 162 078 191 1.80 Sl 2l sba S o el xS
Sn 240 265 260 25 238 236 260 240 235 230 Sl bgie LS o IS5 80 Ll s LS by g 8155 sl Sh
Mo 450 293 289 449 208 302 301 5.00 289 250 . - 6 il oy K ; . .
corpmizan sl B0 ailaie slbosdgiol S 5 il sl LS o bl aya ey L
s 1300 1450 13.83 821 9.41 9.51 12.76 1126 1052 12.00 e ils L 5 N ‘
Ta 101 L1z 127 1.09 134 114 0.99 122 0.99 1.00 s logls SlsSs 55 J6 P o 2B S gl S 005 aileard slaay oS
Ce 42.00 48.85 46.70 37.84 6235 60.85 57.90 44.69 45.20 62.00 5 09 el LS A (S o sloa ] 3 JONE PR EES D B N S B )
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Geochemistry and petrogenesis of tonalite from Iju area,
northwest of Shahr-e Babak (Kerman province),
with emphasis on adakitic magmatism

Hassan Mirnejad *, Davoud Raeisi and Farshid Heidari
School of Geology, College of Sciences, University of Tehran, Tehran, Iran

Abstract

The Iju porphyry stock as a part of the Urumieh-Dokhtar magmatic belt is situated 72 km
northwest of Shahr-e Babak city and 147 km west-northwest of Sarcheshmeh porphyry
copper deposit. The stock, intruded as a hybabyssal Miocene granitoid (9.25+0.5 Ma) the
Eocene volcanic-volcanoclastic rocks and induced mineralization and alteration in the
region. The existing phenocrysts in the [ju intrusive rocks including tonalite and quartz
diorite with plagioclase, alkali feldspar, biotite and hornblende, which reside in a
groundmass consisting of quartz and minor potassium feldspar and secondary minerals.
The dominant texture in the rocks is porphyry. Based on petrography and geochemical
analyses, the tonalitic rocks in the Iju region are classified as calc-alkaline and arc-related
continental margin magmatism. High ratios of Ba/Nb (average 101 ppm) and Ba/Ta
(average 1326 ppm) as well as the distribution of mantle-normalized trace elements
(enrichment in LREE and LILE relative to HREE and HFSE, negative anomalies in Nb
and Ta) indicate formation of the Iju granitoid is related to subduction. Evaluation of
geochemical evidence including the amounts of Si0,>56%, ALO3;>15%, MgO<3%,
Na,0>3%, Sr>300 ppm, Y<18 ppm, Yb<1.8 ppm, Sr/Yb>20, La/Yb>20, high enrichment
in LREE and low enrichment in HREE show that the parent magma of the Jju tonalite has
high silica adakitic affinity. The lack of negative anomalies in Eu and Ba in the rock
samples point to the lack of influence of partial melting in the lower crust for this unit
formation. Thus, the adakitic magma developed as the result of melting of subducting
oceanic crust in the mantle and at the final stages of subduction or post-subduction.

Key words: Tonalite, High silica adakite, Subducted oceanic crust, Iju, Shahr-e Babak,
Urumieh-Dokhtar magmatic belt
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The study of P-T formation of Kolah Ghazi granitoid
based on mineralogical relationships (southeast of Isfahan)
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Abstract

The Kolah Ghazi granitoid body is located in the south-southeast of Isfahan and lies in the
Sanandaj-Sirjan zone. The pluton is predominately composed of monzogranite, granodiorite
and syenogranite. Quartz, plagioclase, K-feldspar, biotite, tourmaline, cordierite andalusite,
sillimanite, kyanite, spinel and garnet are major and minor minerals of the pluton. The
presence of kyanite in granodiorite enclaves may be due to melting of the pelitic rocks of
the area which gave rise to formation of alumina rich restite. The occurrence of sillimanite
these granitoid rocks can be related to metasomatism process. The inclusion of biotite and
sillimanite needles in the cordierite indicates that the alteration of these minerals, during
congruent melting, is responsible for the origin of cordierite. Further, cordierite crystallized
during anatexis conditions under 660-770 °C and 3.5 kbar condition. Growth of spinel
around the aluminosilicates with symplectites texture represents conditions of high
temperature, low content of SiO, high fO, in the Fe-enriched meta-argillite. The
assemblages of cordierite, sillimanite, biotite and tourmaline with unusual common blue
pleochroism in the Kolah Ghazi granitoids indicate the breakdown of tourmaline under
temperature higher than 750 °C. The origin of the garnet with almandine component in the
Kolah Ghazi granitoids is magmatic source and refers to the pressure of 4 to 5 kbar,
corresponding to depth of more than 18 Km and temperature less than 850 °C. As it may be
observed from the mineralogical relationship, geochemistry of feldspar and Zr vs. SiO, the
pluton developed under 700-900 °C and over 2 kbar PH,O.

Key words: P-T, Mineralogical relationships, Aluminosilicates, Kolah Ghazi granitoid,
Sanandaj-Sirjan zone
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The study of petrography, geochemistry and petrogenesis of
subvolcanic masses of Madvar and Shah khairollah in
north and southeast of Shahr-e Babak city
(Kerman province)

Farzaneh Arzhangnezhad, Abbas Moradian * and Zeinab Keshtkar
Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract

Subvolcanic masses of Shah khairollah and Madvar located in the southeast of Urumieh-
Dokhtar magmatic belt and northwest of Dehaj-Sardoieh belt, north and southeast of
Shahr-e Babak city. Generally, these subvolcanic masses contain dacite, rhyodacite and
rhyolite lavas. Mineralogically, they consist of plagioclase, amphibole, alkali feldspar,
biotite and quartz and the dominant texture of the studied rocks are porphyritic. Based on
Microscopic studies plagioclases show resorption and zoning and opaticitization is
observed in the mafic minerals. Geochemical investigations show that the Madvar and the
Shah khairollah masses are acidic in composition and all the rock samples fall in the field
of calc-alkaline magmatic series, originated in an active continental margin arc setting.
Chemical compositions of the studied rocks in spider diagrams show the significant
enrichment in LREE rather than HREE, as well as Sr, K. The depletion of Pb, P, Pr, Zr,
Y, Nb and Ti in those rocks are observed. The negative anomalies of Ta, Nb and Ti in the
rocks studied is similar to those of the subducted rocks series. The values of MgO, Na,O ,
Ni, Cr and Mg#, depletion of Y and high ratios of LREE/HREE, St/Y (Ave. 137.26),
La/Yb (Ave. 50) in the studied rocks are similar to those of adakites which have derived
from partial melting of young oceanic crust. Geochemical characteristics of these two
masses indicate the partial melting of oceanic crust prior to hydration and the low
concentrations of Yb, Y, HREE, TiO,, is consistent with the partial melting of subducted
oceanic crust slab under amphibolite facies conditions in the depth of 35 km.

Key words: Calc-alkaline magmatic series, Adakite, Active continental margin, Madvar
and Shah khairollah sub volcanic masses, Dehaj-Sardoieh belt
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Magma signification and geothermobarometry of
Vanako gabbro, southeast Sahneh, using the pyroxene
and plagioclase composition
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Abstract

The Vanako gabbroic body, southwest of Sahneh, extended along the Zagros ophiolite
belt, in the west of Iran. The body contains plagioclase and pyroxene with minor amount
of olivine and compositionally lie in the gabbro and olivine-bearing gabbro fields. Based
on microprobe analyses, plagioclase composition is labradorite with Angg31.67.53 which has
crystallized in temperature of about 950 °C and low pressure. The composition of
pyroxene is diopside and it has developed in medium to low pressure and temperature
ranging from 800-1120 °C. The low values of Fe*' in pyroxenes and moderate values of
An in the plagioclases point to the low fO, in the composition of the parent magm. Also,
the high values of AL,Oj5 in the pyroxenes and rare earth elements pattern normalized with
chondrite infer that these rocks have been generated from fractionation of MORB type
magma. The geodynamics situation of the Kermanshah area and the tendency of some
samples to calc-alkaline affinity are further evidence to support a supra-subduction zone
for the origin of these rocks rather than Mid-Oceanic Ridge basin.

Key words: Geothermobarometry, Clinopyroxene, Gabbro, Ophiolite, Sahneh, Zagros
zone

* hazizi@uok.ac.ir
Copyright©2015, University of Isfahan, This is an Open Access article distributed under the terms of the Creative
Commons  Attribution License (http://ereativecommons.org/licenses/BY-NC-ND/4.0), which permits others to
download this work and share it with others as long as they credit it, but they cannot change it in any way or use it
commercially.

6 Petrology, 6" Year, No. 24, Winter 2015

Mineral chemistry and petrology of lamprophyric dyke in
Guyposhti Mountain (northwest Maragheh-East Azarbaijan)

Mousa Akbarzadeh Laleh, Nasir Amel *, Mohsen Moayyed and Ahmad Jahangiri
Department of Earth Sciences, Faculty of Natural Sciences, University of Tabriz, Tabriz, Iran

Abstract

The study area is located about 30 Km northwest of Maragheh in East Azerbaijan. The
lamprophyric dyke intruded the Shemshak sedimentary rocks. Based on stratigraphic
evidences, the age of dyke is probably Early Cimmerian. The principal minerals of the
lamprophyric dyke consist of plagioclase (andesine -oligoclase), biotite (eastonite),
phlogopite, olivine and clinopyroxene (diopside) with ocellar texture. The average
chemical composition of clinopyroxene and plagioclase is En42.3, Wo46, Fs11.7 and
Ab51.74, An30.92, Orl7.34 respectively. According to the mineralogical and
geochemical evidences, the studied lamprophyre samples are kersantite belonging to calc-
alkaline lamprophyre.The plotted spider diagrams for the rock samples indicate the light
rare-carth elements (LREE) and incompatible elements enrichment compared to heavy
rare earth elements (HREE). The parent magma is probably generated from garnet
Iherzolite mantle with low rate partial melting. The studied lamprophyre dyke formed in
intraplate and post collision environment which translocated possibly in basins and
ruptures in related with fault systems.

Key words: Lamprophyric dyke, Goyposhti Mountain, Post collision environment,
Maragheh, East Azarbaijan
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Rb/Sr and Sm/Nd isotope geochemistry and petrogenesis
of Mishu granitoid rocks, northwest of Iran

Malihe Shahzeidi and Mohsen Moayyed *
Department of Earth Sciences, Faculty of Natural Sciences, University of Tabriz, Tabriz, Iran

Abstract

The Mishu granitoids occur in northwest of Central Iran and are part of the Khoy-Takab
Precambrian metamorphic belt. Based on petrographic studies, this complex comprises
several intrusions of granitic rocks ranging in composition from diorite to leucogranite.
Geochemical studies indicate these granitic rocks can be divided into the three groups
which have undergone a complex history of magmatic process. I-type and S-type
granitoidic rocks and leucogranites generally having features typical of medium to high-K
calc-alkaline to shoshonitic rocks. Primitive mantle-normalized trace element spider
diagrams display enrichment in LILE and depletion in some HFSE which is typical of an
enriched mantle source. Rb-Sr and Pb-Pb isotopic data determine the ages of 530+30 and
500474 Ma for the rocks studied. S-type granites show high (87Sr/86Sr)i values between
0.7081 and 0.7104 and negative eNd values -4.18 to -4.72, whereas I-type granites have a
much wider range in eNd of -0.8 to -4.3 and lower (87Sr/86Sr)i of 0.704867 to 0.708046.
Initial eNd values for leucogranites range from +0.98 to +1.25. However, their variable Sr
and Nd isotope compositions together with major and trace element geochemistry suggest
that they were produced by mixing of crustal anatectic melts with variable amounts of
mantle-derived basaltic liquids. The present study, therefore demonstrates that these
granitic rocks formed on an active continental margin during convergence of Centeral
Iran and Alborz-Azerbaijan to Arabian platform during Precambrian (closure of branch of
the Proto Tethys Ocean).

Key words: Shoshonitic magmatism, Magma mixing, Mishu enriched mantle, Central
Iran, Uromich-Dokhtar magmatic zone
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Geochemistry, petrogenesis and magmatic evolution
in the olivine gabbro dikes of south of Germi city

Mohammad Mobasher Germi ', Zohreh Akbari > and Mahboobeh Jamshidibadr **
! Department of Geology, Faculty of Sciences, Lorestan University, Khorramabad, Iran
> Department of Geology, Faculty of Earth Sciences, Shahid Beheshti Universiry, Tehran, Iran
* Department of Geology, Payame Noor University, 19395-3697 Tehran, I. R. of Iran

Abstract

An association of olivine-gabbroic dikes is located in the northwest of Iran, south-
southwest of Germi city (Ardebil province), with N-S trend in the Talesh zone.
Mineralogically, these rocks consists of phenocrysts of plagioclase, clinopyroxene
(augite) and olivine with minor minerals of biotite, amphibole, apatite, opaque and zircon.
The dominant textures in these rocks are porphyry, granular and ophitic. From the
chemical aspect, the parent magma is alkaline nature. The spider diagram with a positive
lead anomaly indicates the crustal assimilation process with LREE enrichment compared
to HREE which is related to enriched mantle. The trend of major oxides vs. SiO, on
Harker diagrams indicates evolution process through differentiation, with slight
metasomatism which can be related to subducted slab derived fluid. Based on the
aforementioned evidences, the olivine gabbros were formed from an extensional back arc
basin resulting from subducting oceanic crust in the northern branch of NeoTethys located
between the blocks of Toriid-Anatolli in the south of Armenia beneath the crust of
Quafgaz and Armenia.
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Geochemistry and genesis of magnetite- apatite mineralization
in Gazestan, east of Bafq

Golrokh Hafezian and Hemayat Jamali *
Department of Geology, Facaulty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

The Gazestan iron oxide-apatite deposit, is locted 78 km East of Bafq at the Posht-e-
Badam- Bafq block. Different kinds of lower Cambrian volcanic and subvolcanic rocks
ranging from basic to felsic, outcrop in Gazestan area. Felsic volcanic rocks mainly are
associated with orogenic phase and considered as an arc magmatism. In Gazestan deposit,
host rocks display extensive alteration that can be classified into six groups including Sodic-
calcic, potassic, sericitic, carbonates, silicic, chlorite + actinolite + epidote and tourmaline
alterations. Chlorite + actinolite + epidote alteration is well developed throughout the
Gazestan deposit.The ore body is mainly magnetite-apatite with less sulfides (Pyrite-
Chalcopyrite) and REE minerals (allanite-monazite) which occur as breccia, banded,
massive, stockwork and vein in altered volcanic rocks. Three generations of apatite are
recognized which the second generation is usually enriched in REE minerals (monazite).
The homogenization temperature of apatite (II) was calculated between 130-200 °C. The
REE pattern of apatites show strong LREE enrichment with negative Eu and HREE
anomaly. Magmatic fluids with high amounts of P, Fe and REE are responsible for the ore
formation at the first stages. At the final stage of mineralization, meteoric (marine) waters
mixed with the magmatic fluids, causing decrease in temperature and precipitation of late
apatite and gangue minerals (calcite and quartz). The Gazestan deposit share many
similarities with the Kiruna-type deposits (one of the subgroup of IOCG deposits).

Key words: Fluid inclusions, Geochemistry, Kiruna type deposit, Gazestan deposit, Posht-
e-Badam-Bafq block
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Cu mineralization and geochemical haloes characteristics
of Garmab district (eastern Semnan)

Zahra Alaminia * and Mohammad Sharifi
Department of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

The Garmab Cu mineralization, in the east of Semnan and southeast of Shahroud, is
situated in the Eocene conglomerate association with weakly hydrothermal altered. The
weak alteration, mineralization and geochemical haloes is locally controlled by faults and
late fractures. At the surface, secondary copper minerals including malachite and azurite
and in the depth, primary sulfides generally are pyrite, arsenopyrite and chalcopyrite.
Gangue minerals of the veins are commonly quartz, chalcedony, opal and minor calcite.
Other components contain goethite, limonite and hematite with manganese oxides and
minor jarosite smithsonite and gypsum. The results of statistical geochemical analyses
indicate a positive correlation between copper with Au, Ag and As. According to host
rock, mineralization, spatial relationships and geochemical dispersion patterns, deep
drilling is suggested in the depth in the east of mineralization. The study district is related
to buried intrusive bodies and epithermal vein-type Cu deposits.

Key words: Geology, Geochemical haloes, Cu mineralization, Semnan province, Uromieh-
Dokhtar magmatic belt
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Geochemistry and petrogenesis of the volcanic rocks
in the central part of Bozghush ranges, northwest of Iran

Eisa Azadi ', Mohammad Rahgoshay ', Saeid Alirezaei ' and Mohammad Hashem Emami
! Department of Geology, Faculty of Earth Sciences, Shahid Beheshti University, Tehran, Iran
? Geological Survey of Iran, Tehran, Iran

Abstract

Volcanic and volcaniclastic rocks with Cenozoic age are widespread at Bozghush
Mountain, south of Sarab, northwest of Iran. The composition of the studied rocks is
trachybasalts, trachyandesites and megaporphyritic andesites with probable middle
Eocene age(?). The main texture of these rocks is porphyritic. Plagioclase, clino-
pyroxene and sanidine are the main minerals in these volcanic rocks. All volcanic
sequences show similar trace element and REE patterns, with troughs in Nb, Zr, strong
enrichments in Rb, Ba, Th, La and depletions in Ti, Yb, Y, relative to N-MORB,
indicating a subduction-metasomatized lithospheric mantle as their melt source .On the
basis of Sm/La versus Th/La diagram and Ba/Nb (>49) and Ba/Ta (>900) ratios, the
influence of slab-derived sediments and fluids on the genesis of these rocks is obvious.
It seems that the lithospheric mantle source beneath the Bozghush Mountain was
metasomatized by subducted NeoTethys oceanic lithosphere derived fluids and
subsequent slab break, delamination of the mantle lithosphere and tectonic extension
due to the roll-back of the subducting Tethyan lithosphere which gave rise to
decompression melting of the subduction-metasomatized lithospheric mantle and the
generation of the studied rocks at Bozghush Mountain.

Key words: Megaporphyritic andesite, Shoshonite, Subduction zone, Bozghush, Western
Alborz-Azarbaijan
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