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SiO; 5517 56.03  56.62 57.17 5859 5952  60.07 7112 7121 7125 7127 7171 7196 72.01
ALO; 18.01 17.65  17.18 1724 1597 16.11 16.47 138 1435 1364 1402 1312 1473 1419
TiO, 0.6 0.62 0.73 0.52 0.75 0.51 0.46 0.19 0.18 0.18 0.18 0.19 0.19 0.19
FeO" 8.61 8.4 8.25 7.79 8.02 6.67 6.01 315 295 3.04 32 244 251 3.06
FeO 517 5.04 495 4.67 481 4 3.6 1.58 1.48 1.52 15 1 1.26 1.53
Fe,05 344 3.36 33 312 32 2.67 241 1.58 1.48 1.52 1.7 12 1.25 1.53
MnO 0.15 0.15 0.17 0.1 0.16 0.09 0.07 0.15 0.13 0.12 0.16 0.1 0.14 0.17
MgO 3.6 315 3.84 313 3.69 285 27 0.28 0.4 0.33 045 0.29 0.14 0.41
Ca0 8.37 8.59 742 7.58 7.54 7.01 74 254 272 1.91 2,62 22 2.08 244
Na,O 3.01 333 224 3.16 226 331 3.14 436 4.66 538 4.64 4.76 4.78 4.64
K,0 0.48 0.19 1.05 0.56 0.97 0.56 27 1.28 112 1.66 1.2 114 1.4 117
P05 0.1 0.12 012 015 0.12 0.13 0.15 0.09 0.09 0.08 0.08 0.08 0.08 0.08
LOI 1.69 14 1.52 235 1.45 234 2.79 2.18 1.44 1.47 1.35 317 1.82 1.47
Total 99.79 99.62  99.15 99.7  99.52  99.09 99.79 99.14 9925  99.06 99.16 99.2  99.83  99.83
(ppm)

(e} 229 213 33 181 51 216 180 42 118 40 65 58 84 99
Ba 24 2 12 6 104 8 130 10 5 208 160 14
Sr 321 373 280 407 256 430 464 283 447 340 422 438 454 433
Cu 59 18 90 111 72 81 31 15 6 33 20 20 16 18
Zn 58 61 73 42 73 39 39 71 62 60 53 71 63 69
Pb 11 18 14 10 32 20 17 25 10 20 25 33 20 16
Ni 19 16 19 15 22 16 14 14 15 13 14 15 17 16
Cr 2 2 6 1 5 5 4 2 3 4 6 5 4 5
v 194 193 201 160 203 127 115 28 25 33 24 25 34 32
Ce 18 59 38 13 57 29 60 32 70 77 29 55 40 33
La 12 18 18 10 26 11 32 14 27 22 15 22 12 12
Hf 22 30 26 20 24 24 18 22 27 19 23 26 25 21
Ga 16 19 15 21 21 16 14 16 13 19 18 20 14 18
w 18 20 10 10 17 9 9 13 41 12 11 30 27 44
Mo 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nb 14 13 12 16 18 16 11 17 141 13 15 17 13 13
Zr 78 84 110 82 121 117 99 137 127 133 148 137 139 134
Y 21 29 28 28 34 31 29 35 36 37 36 38 36 38
Rb 8 6 10 13 5 9 7 4 9 19 23 8 21 14
Co 41 45 23 26 42 23 22 17 60 7 8 47 48 79
As 32 37 22 44 24 46 15 21 32 11 9 26 26 26
u 1 1 1 1 1 1 1 1 1 1 2 2 1 1
Th 4 4 7 6 3 3 4 4 5 2 5 7 4 3
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Samplebb7a-1 bb7a-2 bb7a2 bb7a3 bbTa-6 bb7a7 bbTa ] bbTa7 bbTaT bbTaT bbTc-l bbio-l bble2 bbie2 bbic2 bbled
Point 3 4 7 16 17 18 19 20 21 26 28 29 31 33 34
Size P P P P G Pl P2 P3 P4 P5 G G P G G G
Si0, 50.03 52.09 50.71 4834 4799 4935 4696 4854 4925 49.12 5153 50.60 5147 5156 5129 5157
TiO, 073 040 061 070 115 0.44 0.68 0.89 0.74 0.74 0.59 079 037 0.67 0.72 0.71
ALO; 473 277 412 467 343 2.64 4.73 339 213 2.08 1.80 221 295 2.03 1.42 1.50
Cr0, 027 026 048 074 0.04 0.19 0.41 0.13 0.06 0.05 0.00 0.05 039 0.04 0.04 0.05
FeO 711 609 656 649 11.19 637 6.98 9.83 1138 1069 1045 1163 560 1059 1410 14.04
MnO 013 006 024 0.14 025 0.15 0.18 0.38 0.38 028 0.30 030 021 0.29 0.39 0.38
Mgo 1472 1645 1579 1561 1532 1758 1622 1624 1665 1699 1635 1569 1606 1565 1531 1512
€a0 2240 2216 21.75 23.05 2020 23.04 2356 2035 1906 1972 18.68 1845 21.75 1885 1640 16.34
Na,O 023 022 024 027 042 022 0.28 0.24 0.35 0.31 0.28 030 021 0.31 032 0.27

K0 001 00l 00l 000 001 00l 000 00l 000 00l 00l 000 000 00l 000 001
Total  100.36 100.51 100.51 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.01 100.00 100.00 100.00
si 184 190 18 177 178 180 172 179 18 181 191 188 191 191 192 194
TN 002 001 002 002 003 001 002 003 002 002 002 002 001 002 002 002
Al 0.16 010 015 020 015 011 020 015 009 009 008 010 009 009 006 006
A 004002 003 000 000 000 000 000 000 000 000 000 003 000 000 000
cr 001 001 001 002 000 00l 00l 000 000 000 000 000 00l 000 000 000

Fe 003 012 012 020 009 019 021 007 011 007 022 025 013 026 037 040
Fe 009 007 008 000 025 000 000 023 025 027 010 011 004 007 007 004
Mn 000 000 001 000 001 001 00l 00l 00l 00l 00l 00l 00l 00l 00l 001
Mg 081 089 086 08 085 096 08 08 092 093 090 087 089 087 086 085

Ca 088 087 085 091 080 09 092 08 076 078 074 074 08 075 066 066
Na 0.02 002 002 002 003 002 002 002 003 002 0.02 002 002 002 002 002
K 000 000 000 000 000 000 000 000 000 000 00l 000 000 000 000 000

Total 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Mg# 086 089 088 08 090 08 08 093 090 093 08 078 087 077 070 0.68
Wo 4615 4445 4436 4615 4004 4381 4555 3997 3708 3799 3749 3720 4472 3839 3345 3359
En 4220 4592 4481 4350 4225 4651 4364 4438 4506 4552 4566 44.02 4595 4432 4346 4326
Fs 1165 963 1083 1035 1771 968 1081 1566 1786 1650 1685 1877 933 1729 2309 23.15

Sample bb7c-4 bb7c-6 bb7c-6 bb7c-7  bb7-2  bb7-2 bb6-1 bb6-1 bb6-1 bb6-2 bb6-2 bb6-4 bb6-6 bb6-6 _bb6-6 _bb6-6
Point 3’39 4 43 59 100 102 103 104 106 114 117 118§ 119 120
Size P P P G in Pl P P P P P G Pl P2 P3 P4
S0, 5121 4749 4808  46.08 5030 49.94 5152 5204 5235 5225 4928 5056 5042 5211 50.70
Tio, 047 045 079 079 0.69 064 041 038 040 043 104 060 066 047 080
ALO, 324 342 221 154 384520 321 309 259 263 463 397 394 249 249
Cro, 024 047 003 001 005 079 054 053 040 048 021 050 040 027 0.3
FeO 619 616 1116 1975 1127 590 585 570 598 574 916 605 617 621 1112
MnO 021 014 029 081 025 015 010 011 007 010 023 018 0I5 016 030
Mgo 1603 1750 1638 14.12 1550 1521 1621 1626 1661 1644 1472 1538 1545 1616 1572
€20 2185 2405 2071 1657 1849 2188 2194 2181 2207 2227 2076 2215 2259 2217 1829
Na,0 028 031 034 031 030 027 024 021 019 022 034 030 027 024 032

K0 000 0.00 0. 0.01 001 000 000 001 00l 000 001 00l 000 000 001
Total ~ 99.72 100.00 100.00 100.00 100.70  99.98 100.00 100.14 100.67 100.56 10038 9970 100.05 10028 99.78
si 188 173 178 175 185 184 189 191 191 191 182 18 185 191 189
T 001 001 002 002 002 002 001 001 001 001 003 002 002 001 002
A 012 015 010 007 015 017 011 010 009 010 018 014 015 009 011
Al 002 000 000  0.00 002 006 003 004 002 002 002 004 002 002 000
cr 001 001 000  0.00 000 002 002 002 001 001 001 002 001 001 000
Fe* 001 019 002 023 024 012 012 014 013 012 016 01l 009 013 025
Fe* 008 000 033 040 0.1 007 006 004 006 006 012 008 010 006 0.0
Mn 001 000 001 003 001 001 000 000 000 000 001 00l 001 001 001
Mg 088 095 090 080 085 083 089 089 090 089 08 085 085 088 087
Ca 086 094 082  0.68 073 086 086 086 086 087 08 088 089 087 073
Na 002 002 003 002 002 002 002 002 001 002 002 002 002 002 002
K 000 000 000  0.00 000 000 000 000 000 000 000 000 000 000 000

Total 400 400 400 400
Mg# 089 083 098 078
Wo 4445 4510 3948 3169
En 4538 4567 4347 3761
Fs 1017 923 17.05 3070

400 400 400 400 400 400 400 400 400 400 400
078 0.88 088 086 088 088 084 088 090 087 078
3770 4581 44.66 44.54 4423 4481 4274 4575 4608 4467 37.27
4397 4431 4589 4620 4631 4602 4217 4420 4385 4531 4457
1834 989 945 926 946 9.07 1509 1005 1007 1002 1817

(P=Phenocryst; G=Groundmass; Pl=Plagioclase)
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Sample _ bb7a-1 _bb7a-4 bb7a-4 bbJa-4 bb7a-4 bb7a-5 bb7a-5 bb7a-6 bbJa-6 bb7a-7 bb7c-1 bb7c-l bbc-2 bb7e-2 bb7c-6 bbTe-7

1400 1500 2200 2500 27.00 3000 3200 41.00 44.00
P G P G G G G G P
4422 49.16 4334 5194 4882 5293 49.65 4653 4296
005 004 010 008 008 007 008 000
3014 3453 2859 2884 2780 3031 2631 3448
002 005 001 006 000 000 000 003
108 054 101 344 106 100 089 052
004 005 003 006 002 004 001 003
014 011 011 113 013 008 016 0.2
1445 1883 1233 1278 1170 1490 1152 19.17
376 149 467 351 506 323 492 166
016 002 021 028 024 011 021 002
99.00 99.00 99.00 99.00 99.02 9939 90.63 99.00
229 204 240 229 244 229 236 203
000 000 000 000 000 000 000 000
165 191 155 159 151 165 157 191
004 002 004 014 004 004 004 002
000 000 000 000 000 000 000 000
000 000 000 000 000 000 000 000
001 001 001 008 001 001 001 001
072 095 061 064 058 074 063 097
034 014 042 032 045 029 048 0I5
001 000 001 002 001 00l 001 000
506 507 504 508 504 503 510 509
3170 1250 4020 32.60 4330 28.00 43.00 13.60
6740 8740 58.60 65.60 5530 7140 5570 8640
080 010 120 170 130 060 120 010
B L L L B L B

bb7-10_bb7-10_bb7-10_bb7-10 bb7-10_bb7-10_bb7-10

Point 200 800 900 1000 1100 1200 13.00
Size PPl P2 Pl P2 P G
Si0, 4593 4561 4554 4633 5031 4478 44.72
TiO; 001 002 003 000 004
ALO; 3415 3384 3396 3361 3007
Cr;05 000 000 000 000 002
FeO 055 060 060 069 115
MnO 000 007 000 004 004
Mgo 006 009 011 008 028
Ca0 1827 1801 17.88 17.67 1398
Na,0 121 149 151 160 342
K:0 002 003 002 004 014
Total 100.13 99.76  99.65 100.06 99.45
120212 211 214 232
Ti 000 000 000 000 0.00
Al 185 185 186 183 163
Fe*' 002 002 002 003 004
Fe' 000 000 000 000 0.00
Mn 000 000 000 000 0.00
Mg 000 001 001 001 002
Ca 090 090 089 087 069
Na 011 013 014 014 031
K 000 000 000 000 001
Total 501 503 503 502 502
Al 1070 13.00 1330 1400 30.50
An 8920 86.80 86.60 8580 68.70
or 010 020 010 020 080
PI Name B B B B L
Sample bb7-9  bb7-9 bb7--9 bb7-9 bb7-9 bb7-9 bb7-9
P 4600 47.00 60.00 48.00 49.00 50.00 51.00

Pl P2 P3 P4 P5  PT  PT
5176 5084 5224 5144 5230 51.66 52.30
006 004 005 003 007 008 0.08
2972 3069 29.14 2991 2950 2945 29.15
000 000 004 002 001 004
088 093 079 089 069 074
003 005 005 000 000 007
010 006 006 009 006 009
1363 1388 1310 13.68 1282 13.19
399 349 424 387 405 397
023 019 024 022 025 022
10040 100.17  99.95 10015 99.75 99.51

5200 5300 5400 55.00
Pl P2 P3 P4
5280 49.14 5353 5293
0.06 0.05 0.07 0.05
2888 3176 2899 28588
001 005 000  0.00

5700 5800 59.00
P7 P8

5255 5127 48.16
0.10 0.05 0.02
2924 2977 3168
003 003 003
076 091 097
007 000 001
012 010 019
1318 1404 1545
411 363 259
022 019 013
10038 99.99  99.23
239

0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.59 1.65 1.57 1.61 159  1.59 1.55 1.71 1.54 1.55 1.57
0.03 0.04 0.03 0.03 003 003 0.03 0.03 0.03 0.03 0.03
0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.00 0.00 0.01  0.00 001 0.01 0.01 0.01 0.01 0.01
0.67 0.68 0.64 0.67 063 0.65 0.62 0.76 0.61 0.62 0.64
0.35 031 0.38 034 036 035 037 026 038 037 0.36
0.01 0.01 0.01 001 0.02 001 0.02 0.01 0.02 0.02 0.01
5.03 5.01 5.02 502 500 501 5.00 5.02 5.01 5.01 5.01
3420 3090 3640 3350 3580 34.80 36.60 2500 37.70 37.00 35.60
64.60  68.00 6220 6530 6270 63.90 61.70 7440  60.50  61.50 63.10
Or 1.30 1.10 1.40 130 150 130 1.70 0.60 1.80 1.60 1.30
P1 Name L L L L L L L B L L
(P=Phenocryst; G=G ~Bytownite; L-L ite; PP

ITA i 99 et Jof Jlo sl ¥y

sl Y o
Sample  bb7-10bb7-10 bb7-10 bb6-2 bb6-2 bb6-3 bb6-4 bb6-4 bb6-5 bb6-7 bb6-7 bb6-7 bb6-8 bb6-8 bb6-10 bb6-10
Point 60.00 61.00 62.00 105.00 108.00 110.00 111.00 113.00 115.00 121.00 122.00 123.00 124.00 125.00 132.00 130.00
Size. P9 P10 Pl1 P P P P G P P P G P P P Plin another Pl
Si0, 4794 50.17 53.94 4550 4557 5348 4642 5421 4721 4400 4380 51.37 4587 4536 44.45 49.01
TiO, 0.03 005 0.08 001 000 008 001 0.10 002 004 001 0.08 0.04 001 0.01 0.05
ALO; 32.05 30.74 2834 3422 3390 2770 33.53 27.63 33.01 3426 3429 2871 33.63 34.03 32.99 2931
Cr0y 0.00 000 000 000 000 001 000 000 000 000 001 0.00 0.00 003 0.00 0.00
FeO 0.80 096 114 051 053 099 057 131 065 054 071 127 062 052 071 1.33
MnO 0.05 004 004 000 000 000 003 0.00 000 003 000 000 001 000 0.00 0.06
MgO 0.08 0.10 009 008 004 030 012 021 013 009 006 0.14 015 007 0.11 0.07
Ca0 1646 14.88 1223 18.19 1818 1151 17.59 11.02 16.88 1854 1889 12.13 17.68 1831 19.18 15.41
Na,O 235 314 467 134 138 497 150 537 204 147 120 508 1.69 135 152 3.62
K0 012 015 029 003 002 021 003 027 006 003 003 022 004 004 002 012
Total 99.88 100.23 100.82 99.88 99.62 99.25 99.79 100.13 100.00 99.00 99.00 99.00 99.73 99.72 99.00 99.00
Si 221 230 244 211 211 245 215 246 218 206 206 238 213 211 209 229
Ti 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Al 1.74 166 151 187 185 149 182 148 179 189 190 156 1.84 186 183 1.61
Fe' 0.03 004 004 002 002 004 002 0.05 0.03 002 003 005 002 002 003 0.05
Fe'' 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Mn 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Mg 0.01  0.01 0.01 001 000 002 001 001 001 001 000 001 001 001 001 0.01
ca 081 073 059 090 090 057 087 054 083 093 095 060 088 091 097 077
Na 021 028 041 012 012 044 013 047 0.8 013 0.11 046 0.5 012 0.14 033
K 0.01 001 0.02 000 000 001 000 002 000 000 000 001 000 000 000 0.01
Total 502 502 502 502 502 502 501 504 502 505 505 507 503 502 506 5.07
Ab 2040 2740 4020 11.70 12.10 4330 1330 46.10 17.90 12.60 1030 4260 1470 11.70 12.60 29.70
An 79.00 71.70 5820 88.10 87.90 5550 86.50 52.30 81.70 87.30 89.50 56.20 85.10 88.10 87.40 69.60
or 0.70 090 170 020 0.10 120 020 160 040 020 020 120 020 020 0.10 0.60
Plg name B B L B B L B L B B B L B B B L
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Comment bb6-4 bb6-5 bb6-9 bb6-9__bb7a-9 _bbTe-1__bb7e3

Y IS8) ol e, sl Point 2 106 128 19 ) 2 35

( ) ros S0, 41294273 4254313 3886 3768 2104

TIO, 003 004 003 0 003 005 0

SIS 255y San Slo oy o LK ) ALO, 804 925 804 802 1095 1517 1067
CrO, 004 005 0 007 001 007 006

N 5 5 5 s FeO 22362044 2409 2311 2073 1057 227
I R Y RG] MO 082 034 064 04 02 02 024
. g | MgO 845 1121035 ILIL 1488 831 1538

(S gy gialS A ¢ g Sudl il 5 O 303 266 269 255 192 092 071
e ot s Sl NaO 011 024 004 0 017 01 007

- K. 045 11 031 012 071 303 082

Sl g oS o 5 Sl cnadl ML Total 8463 8805 8867 886  $846 8513 7771
| Type e e S e s 4 s

i Lgal dia) )0 00 LaSw ol (sl yd Point 12116 128 129 23 4 35
ot Ll aa) 5o 03 Ear e si 623 611 614 618 557 S6l 466

. . e . i [ ) [ 0
Ot gm0 0SS v-',Jséu—-SSﬁr'JS ‘)NSH)N{_ AY 143 156 137 135 185 239 216
A o 0 o o 0 0y 0

[ENARS o S oelS el Cr 001 001 0 001 0 001 001
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Sample 213 213 2113 213 2413 314 314 314 314 3914 314 3114 320 3720 320
Location 1 2 3 5 6 1 2 3 4 5 6 7 1 2 3
Si0; 6790 69.17 6932 6436 6825 6815 6820 6760 6720 6817 6727 6816 68.14 6824 6821
Tio, 000 000 007 007 002 000 007 002 005 001 005 004 004 004 001
ALO; 1905 1720 1938 2256 1906 2016 2014 2008 1977 2033 1985 2008 1975 1930 1923
FeO* 010 005 007 027 030 006 003 025 039 019 014 010 003 029 000
Mg0 000 000 006 012 035 000 000 007 016 000 000 007 000 000 0.0
Ca0 075 011 005 086 050 035 043 048 043 038 040 044 057 043 033
Na;O 165 1220 1202 1039 1136 1169 1161 1137 1187 1115 1182 1131 1119 1088 1189
K0 000 004 000 141 003 014 004 011 013 021 007 033 010 016 004
Total 99.55 9877 10107 10003 9987 10055 100.51 10004 99.99 10043 99.61 10052 99.82 9934 9971
si 299 306 300 285 299 297 297 296 295 297 296 297 298 300 299
Al 099 090 099 117 098 103 103 104 102 104 103 103 102 100 099
Ti 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Fet* 000 000 000 001 00l 000 000 001 00l 00l 00l 000 000 00 000
Mg 000 000 000 001 002 000 000 000 00l 000 000 000 000 000 0.00
Ca 004 001 000 004 002 002 002 002 002 002 002 002 003 002 002
Na 099 105 102 089 097 099 098 097 101 094 101 096 095 093 101
K 000 000 000 008 000 001 000 001 00l 00l 000 002 001 00l 000
Cation 501 501 501 505 500 501 500 501 504 499 503 500 498 497 502
X 398 396 399 402 398 400 400 400 398 401 399 400 400 400 3.99
z 103 106 L03 103 102 101 100 10l 106 098 104 100 098 097 1.03
Ab 966 993 998 881 975 976 978 971 974 969 978 961 967 970 983
An 3405 02 41 23 16 20 23 19 19 18 20 28 21 16
or 00 02 00 78 02 08 02 06 07 12 04 19 05 09 02
Sample 320 3120 320 G24 G4 G4 Ga4 G241 15 15 15 15§15 s
Location 1 4 5 1 2 3 4 51 2 3 4 5 6 7
Si0; 6878 G878 6698 6110 3976 G6LIS G6L89 6101 67.06 6728 6727 6786 6196 6738 66.23
Tio, 000 000 000 000 001 000 00l 002 005 003 006 000 003 001 004
ALO; 1970 1970 2009 2487 2482 2411 2428 2461 2006 2012 2035 2049 1965 2036 1984
FeO* 000 000 099 019 054 006 013 059 011 001 01l 003 008 006 169
MgO 000 000 066 000 006 008 000 013 000 026 021 000 000 000 147
Ca0 050 050 091 632 741 706 618 618 054 092 085 08 072 067 048
Na;O 1132 1132 1076 835 785 806 804 828 1193 1175 1181 1145 1167 1152 1086
K0 006 006 054 006 009 003 008 012 010 009 010 004 009 008 014
Total 10036 10036 10092 100.89 100.54 10058 10061 100.93 99.95 100.46 10075 10069 100.19 100.08 100.75
si 299 299 293 270 266 271 273 270 295 294 295 295 297 295 291
Al 101 101 103 129 130 126 126 128 104 104 105 105 101 105 103
Ti 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Fet' 000 000 004 001 002 000 00l 002 000 000 000 000 000 000 006
Mg 000 000 004 000 000 001 000 001 000 002 001 000 000 000 010
Ca 002 002 004 030 035 034 029 029 003 004 004 004 003 003 002
Na 096 096 091 071 068 069 069 071 102 100 100 097 099 098 092
K 000 000 003 000 00l 000 00l 001 001 00 00l 000 00l 00l 00
Cation 498 498 503 501 503 501 498 502 504 504 504 501 502 501 505
X 400 400 396 399 396 397 399 398 399 398 398 400 399 400 393
z 098 098 106 102 106 104 099 104 105 106 106 101 103 102 LIl
Ab 973 973 926 702 654 672 698 703 970 954 957 959 962 964 968
An 23 23 44 294 341 326 296 290 24 41 38 39 33 31 24
or 03 03 30 04 05 02 05 07 06 05 05 02 05 05 08
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Sample _ 2-15 2715 215 21-15 2-15 3720 3j-20 3-20 320 3720
Location 1 2 3 4 5 1 2 4 5
Si0, 3756 37.17 3833 3738 38.18 3791 3783 37.88 38.36 38.02

ALO; 2285 2232 2265 2243
Fe,00¢ 1383 13.66 13.89 13.70
MgO 000 000 000 0.00
Ca0 23.52 23.29 2331 23.58
LayOs 000 018 000 0.00
Ce,04 000 002 000 0.00
Nd;05 0.15 016 014 0.00
Sm:0;  0.00 000 000 0.00
Total 9791 9680 9833 97.08

Si 300 301 304 301
Al 215 213 212 213
Fe* 083 083 083 083
Mg 0.00 0.00 0.00 0.00
Ca 201 202 198 2.04
La 0.00 001 0.00 0.00
Ce 0.00 0.00 0.00 0.00
Nd 0.00 001 0.00 0.00

Sum_Cats 800 800 798 801
o 12,50 12,50 12.50 12.50

2212 21.92 21.62 21.67 22.15 21.83
1428 1370 13.96 13.77 13.57 13.84
0.00 0.00 000 000 000 0.00
2323 2335 23.53 23.59 23.09 2331
0.00 0.03 000 000 000 0.00
0.00 000 0.09 007 002 0.00
0.11 004 000 006 000 005
0.00 0.00 000 000 000 0.00
97.93 96.96 97.02 97.03 97.18 97.05
3.05 3.06 305 306 3.08 3.06
208 208 205 206 209 207
086 083 085 084 082 084
0.00 0.00 0.00 000 000 0.00
199 202 203 204 198 201
0.00 0.00 0.00 000 000 0.00
0.00 000 000 000 000 0.00
0.00 0.00 0.00 000 000 0.00
798 798 799 799 797 798
1250 12,50 12.50 12.50 12.50 12.50
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Location 1 2 3 1 5
Si0; 4525 4410 4387 4134 4020
Tio, 069 074 083 057 054
ALO; 860 981 1054 1399 1498
FeO* 2064 2114 2247 2296 2345
MnO 001 016 000 003 005
Mg0 858 831 687 588 517
€20 153 1160 1146 1116 10.76
Na;0 107 155 131 197 200
K0 041 054 050 044 054
F 000 013 000 005 006
Total% 9676 9807 9786 9838  97.74
si 687 666 667 627  6I6
Ti 008 008 009 007 006
Al L3134 133 173 184
A 041 041 055 077 086
Fe™ 030 033 025 035 04
Fe*' 233 234 2.61 256 2.59
Mn 000 002 000 000 001
Mg 194 187 156 133 LI8
Ca 188 188 187 181 177
Na 031 046 039 058 059
K 008 010 010 009  0I1
F 000 006 000 002 003
Sum_cat 1533 1549 1541 1557 1557
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Sample No. Gd__ Gd, Peg Peg i i H H H_ Sch Sch
Mineral type Gri, Gty Grt Grt Grt Gt Gnt Grt Gt Gt Grt
Si0, 3705 3538 362 3594 3723 3627 3601 3611 3585 3587 3623
ALO; 2165 2056 2124 2121 2185 2105 2115 2125 2115 2074 2101
Mgo 336 12 0.6 0.83 141 17 161 164 165 08 122
FeO 3492 2925 3247 342 2845 3389 3692 3624 3418 2838 2813
TiO, 006 0.12 0.02 0.02 0.09 004 0.09 0.03 003 002 0
MnO 332 1104 1107 845 1194 633 378 456 622 1277 1276
a0 L17 12 015 03 0.93 L LIS 11 o125 L14
Na,0 002 005 001 0.04 0 0.01 0 002 0 003 002
K20 0 002 0 0 0 0 001 0 0 0 0
Cr0; 001 007 002 0.02 0 003 003 002 003 0.03 003
NiO 007 0.02 004 0.02 0.01 0 005 0.03 002 0.04 0
Total 10162 9889 10181 10103 10192 10043 1008 10099 10025 9993  100.55

i 295 294 294 294 297 296 293 293 293 296 296
Al 203 201 203 204 2.06 202 203 204 204 201 202
Mg 04 015 007 0.1 017 021 019 02 02 ol 015
Fe 232 203 221 234 19 231 252 246 234 196 192
T [ 0 0 0.01 0 001 0 0 0 0
Mn 022 078 076 0.58 081 044 026 031 043 089 088
Ca o1 ol 001 0.03 0.08 0.1 0.1 01 o1 ol 01
Na 0 00l 0 0.01 0 0 0 0 0 0 0
Total 803 805 8.04 8.04 7.99 803 804 805 804 804 8.03
Pyr 131 484 238 332 5.68 676 635 646 657 323 487
Alm 763 6632 7226 7665 643 7574 8189 8021 7624 64 6293
Grs 327 349 042 0.86 27 318 328 31 314 36 327
Sps 734 2535 2494 1948 2732 1432 848 1023 1405 2916 2892
Total 100 100 100 100 100 100 100 100 100100 100
(Pyr=pyrope; grs=gi 3 Sp:

VTAS ol s o 3| Juo il

sl o

Sample No. Peg Peg Peg Peg Mar Mpr
Mineral type Fl__F__F [T
Si0, 642 639 647 659 635 623
ALOs 190 191 219 221 193 190
Mgo 00 00 00 00 00 00
FeO 00 00 00 00 00 01
Tio, 00 00 00 00 00 01
MnO 00 00 00 00 00 00
€20 00 00 25 20 00 01
Na;0 14 10 102 104 06 05
K20 136 140 01 02 105 114
Cr0; 01 00 03 00 00 00
NiO 00 00 00 00 01 00
Total 983 981 997 1007 940 935
si 30 30 29 29 30 30
Al [ S S R T RS B B
Ca 00 00 01 01 00 00
Na 01 01 09 09 01 00
K 08 08 00 00 06 07
Total 50 50 50 50 48 48
X 01 01 09 09 01 ol
Xun 00 00 01 01 00 00
Xor 09 09 00 00 09 09
Total 010 10 10 10 10

(ab=albite; an=anorthite; or=orthose)
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Sample No. Qd Qd Qd Sample No. Gd H H H H H H Qd Gd Mgr
Mineral type __HbI_Hbl _HbI Mineraltype _Ms __Ms Bt Bt Bt Bt Bt Bt Bt Bt
Si0, 49.25 4927 49.71 Si0, 604 6028 3479 3353 349 3513 3494 3659 3425 3359
ALO; 542 566 553 ALO; 3448 2735 1992 1935 23 1981 2035 1499 1887 1822
Mg0 13.57 1345 1341 MgO 096 036 866 86 755 828 852 171 708 577
FeO 1574 14.61 1537 FeO 194 07 2109 2146 1862 2084 20.67 1497 1896 2023
Tio, 07 085 079 TiO; 057 019 183 189 145 164 137 379 469 496
MnO 048 031 042 MnO 003 0 03 026 032 024 029 351 234 224
€20 10.69 1137 114 Na,0 038 087 025 027 03 03 029 004 0003
Na;O0 071 079 07 K:0 908 656 808 743 704 80T 779 012 019 006
K:0 042 05 043 €0, 01 001 006 007 006 006 009 857 857 849
Cr,0; 008 0.1 004 NiO 0004 007 01 0005 001 011 003 008
NiO 004 0 005 Total 9375 9641 9507 93.09 9329 9445 9446 9458 952 942
Total 97.11 969 97.83 si 30378 266 263 265 27 268 279 266 267
si 741718 718 AN 09 022 134 137 135 13 132 121 134 133
Al 0.89 0.82 082 Total 4 4 4 4 4 4 4 4 4 4
sum T 8§ 8 8 AlY 184 18 046 042 072 049 051 014 039 037
Arv 003 015 0.2 Mg 01 003 099 101 086 095 097 133 082 068
Ti 008 0.09 009 Fe 011 004 135 141 LI8 134 132 12 154 167
Fe LI 06 073 Ti 003 001 011 011 008 009 008 02 014 0I3
cr 001 001 0 Mn 001 001 001 001 001 001 001 001 001 001
Mg 292 292 289 Ca 001 00 o0l 0 0 001

Fe®" 079 118 113 cr 001 o 0 0o 0 0 001 001 o0
Mn 0.06 004 0.05 Tot 209 19 291 297 28 289 292 29 29 288
sum C 505 5 Na 005 011 004 004 004 004 004 002 003 001
Ca 165 178 176 K 079 052 079 074 068 079 076 084 085 086
Na 02 022 02 Total 693 653 774 175 759 172 172 175 118 175
sumB 185 2 196

K 008 0.09 008

sum A 008 009 0.08
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SiO, 43.46 4341 4337 4338 4342
MgO - 0.02 - 0.02 0.16
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F 0.05 0.02 - - -
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TiO, 28 1074 241 034
Si0, 0.03 0 007 0.04
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FeOjuii 68.12 621 69.09 68.28
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Tectonic and magmatic settings of the Oligocene felsic
outcrops in the south of Ardestan, NE of Isfahan

Ali Khan Nasr Esfahani and Babak Vahabi Mogadam

Department of Petrology, Islamic Azad University, Khorasgan Branch, Isfahan, Iran.

Abstract

The Oligocene felsic outcrops are located in the south of Ardestan (NE of Isfahan). The
area is a part of Uromieh —Dokhtar structural zone. These outcrops are composed of
rhyolite and rhyodacite rocks. Geochemically, these rocks are sub-alkaline, calc-alkaline
composition with high-K and peraluminous. Although the whole rock composition of
the felsic rocks corresponds to S-type granites (i.e. high K, Al, large ion lithophile
clements, and low Ca and Sr) but the studied rocks have remarkably primitive and
igneous sources. The geochemical data suggest that mantle wedge is partly
metasomatized with rhyolitic materials from subducted slabs; it is more likely that the
rhyolite magma developed by very low degree partial melting of the metasomatized
mantle wedge. The initial reason for direct eruption of the mantle-derived rhyolitic
magmas would be a tensional condition of the Ardestan region during late Eocene-
Oligocene time. If mantle-derived rhyolitic magmas ascended within a compression
crust, the magmas should easily react with crustal materials and therefore it would be
indistinguishable from felsic magmas produced by crustal fusion. The Petrological and
geochemical evidences as well as the tectonic discrimination diagrams show that
rhyolitic magma formed in an active volcanic arc. It seems that these rocks are formed
following the subduction of Neo-Tethys oceanic crust beneath the central Iranian micro-
continent.

Key words: Ardestan, Rhyolite, Felsic rocks, Calc-alkaline, Volcanic arc, Neo-Tethys
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Using of mineral chemistry to determine the formation
conditions of Boroujerd granitoid complex and its
metamorphic aureole
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Abstract

The composition of Boroujerd granitoid varies from quartz diorite, granodiorite to
monzogranite associated with acidic dykes intruded into the Hamedan phyllite and
developed a metamorphic aureole. On the basis of mineral chemistry the biotites have
different compositions and their parent magma has subalkaline to calc-alkaline nature.
The studied amphiboles are classified as calcic (magnesio-hornblende) which point to
the I-type nature of the Boroujerd granitoid. Plagioclases vary from andesine-oligoclase
to labradorite, alkali feldspars occur as orthoclase and those in pegmatites are sodic
(albite) and potassic (orthoclase). The changes in feldspar composition in different units
are normal indicating magma differentiation. In all samples, garnet displays zoning and
is almandine-spessartine in composition. Also, garnet in hornfelses and granodiorites is
cogenetic and nonmagmatic, but in pegmatites it has magmatic nature. Al-barometer
accounts that the pressure of amphibole crystallization is 0.43 to 1.61Kbar and Al
versus Feou/(MgtFei o) accounts the pressure between 1 to 3 Kbar. Hornblende -
plagioclase thermometer shows 653 to 732 °C for equilibrium of these two minerals and
garnet-biotite thermometer shows 472 °C for garnet-biotite in hornfelses. The estimated
oxygen fugacity (log fO, varies between -18.3 to -15.6) imply an oxidation magma
(confirms magnetite and enrichment of Mg in amphibole) and its formation in
convergent plate boundary.

Keywords: Boroujerd, Thermometry, Sanandaj-Sirjan Zone, Mineral chemistry,
Barometry
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Mineralogical study and the effective processes on the
volcanic rocks of the Jahagh Anticline (South of Kashan)

Seyed Mohsen Tabatabaeimanesh*, Homayoon Safaei and Akram Sadat Mirlohi

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

Abstract

The Jahagh anticline is located at 40 km south of Kashan and east of Ghohrud village.
The Early Paleozoic volcanic rocks are outcropped in the Jahagh anticline core. Despite
low degree alteration and metamorphism that are identified by mineralogical studies, the
primary textures are well preserved whereas mineralogical composition has changed.
The major minerals including of plagioclases and rare Fe-Mg minerals have
experienced alteration. The presence of secondary minerals such as albite, chlorite,
epidote and calcite shows that the low-grade metamorphism have occurred under
greenschist facies. Following the intrusion of Ghohrud granitoid, the adjacent volcanic
rocks have been metamorphosed under hornblende - hornfels facies. This phenomenon
is evidenced by the association of plagioclase (oligoclase - andesine) and amphibole
(Ferro -Tschermakite) in the rocks of western parts (approaching the intrusive mass).

Keywords: Paleozoic, Jahagh anticline, Metamorphism, Kashan, Mineralogy

* tabataba(@sci.ui.ac.ir

4 Petrology, 1 Year, No. 2, Summer 2010

Petrology and geochemistry of the plutonic complexes
of the Marivan area, Sanandaj-Sirjan zone
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Abstract

The plutonic complexes of Marivan area, composed of two types of plutonic rocks of
different genesis, are situated in the northwest of Sanandaj-Sirjan metamorphic belt.
The stratigraphical units of the area are phyllite, limestone, volcanic rocks of the
Cretaceous-Paleocene age, marl, sandstone and shale of the Oligo-Miocene age. Two
plutonic complexes of the area are: (1) The granitoid complex of NW Marivan which is
composed of syenogranite, monzogranite and granodiorite. Geochemically, these rocks
are magnesian alkali-calcic to magnesian calc-alkali, sub-alkaline (calc-alkaline),
peraluminous and are S-type. From geochemical and mineralogical aspects, this
complex resembles the syn-collision granites. (2) The gabbro-diorite-quartz diorite
complex of SE Marivan is composed of various plutonic rocks including gabbro, diorite
and quartz diorite. Geochemically, these rocks are sub-alkaline (calc-alkaline),
metaluminous, magnesian calcic and are I-type. Rocks of this complex show
characteristics of plutonic rocks derived from upper mantle sources. It is worth to note
that blocks of I-type complex are surrounded by rocks of S-type complex.

Key words: I-type, S-type, Sanandaj-Sirjan, Granitoid, Marivan
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Tectonite peridotites studies of Khoy ophiolite

Khadijeh Khalili*' and Reza Pahlevaninjad®

! Department of Geology, Payam-e-Nour University of Borojen, Chaharmahal and Bakhtiari, Iran
?Regional Water Organization, Isfahan, Iran

Abstract

The Khoy ophiolite with Precambrian basement rock is located in north western of Iran.
The tectonite peridotites are most formed by clinopyroxene harzburgites. These
harzburgites characterized by protogranular, porphyroclastic and transformation
textures, and composed of olivine (with kink band), orthopyroxene (with wavy
extinction and exsolution clinopyroxene), spinel (like Holly — Leaf and shaped) and less
than 10% of clinopyroxene. Two stages of alteration occur in these rocks, including
static and dynamic. These peridotites are partial melting residual of spinel lherzolites.
The Khoy tectonite peridotites show the U-form pattern in the REEs. These patterns are
probably related to the partial melting procedures and the process following the partial
melting such as influence of felsic magmas after emplacement of ophiolites.
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Petrography and mineral chemistry of basaltic dykes
in the west of Borooni (SW of Ardestan, Iran):
evidences of magma mixing
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Ghodrat Torabi’ and Nargess Shirdashtzadeh®

! Faculty of Earth Sciences, University of Shahid Beheshti, Tehran, Iran
? Department of Geology, Faculty of Science, University of Isfahan, Isfahan, Iran
¥ Institute of Mineralogy, Leibniz University, Hannover, Germany

Abstract

In Borooni area (SW of Ardestan), which is a part of Uromiyeh — Dokhtar magmatic
belt, the Miocene basaltic columnar-jointed dikes cross cut the Eocene volcanic rocks.
These rocks contain the granitoid enclaves of Oligocene age and possibly, they are
Miocene in age. The studied rocks are composed of chloritized olivine, clinopyroxene,
plagioclase, chlorite, ilmenite and magnetite. Textures of these rocks are porphyritic,
microlitic, microlitic porphyritic, glomerophyric, and sieved texture of plagioclases.
Clinopyroxenes are augite to diopside in composition, and plagioclases range from
labradorite to bytownite. Chlorites show diabantite composition and most of them
produced by olivine alteration. Some chlorites are present in groundmass. Petrography
and chemistry of minerals show that the parent magma subjected to a magma mixing
with xenoliths of granitoid rocks during the ascending. These rocks are similar to the
volcanic arc basalts.
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Petrography, geochemistry and petrogenesis of rhyolitic and
andesitic rocks of Nasir-Abad area, SW of Rayen, Kerman

Laya Roozbahani and Mohsen Arvin*

Department of Geology, Shahid Bahonar University, Kerman, Iran

Abstract

The Upper Eocene sub-volcanic rhyolitic rocks of Nasir-Abad area, in south-west of
Rayen, (placed in Kerman province -Iran) are under the pyroxene-andesite rocks of
Lower Eocene volcano-sedimentary complex of Razak formation, which is a part of
Uromieh-Dokhtar Volcanic Belt. One of the main characteristics of these sub-volcanic
rhyolitic rocks, is their columnar joints structure, in which most parts are vertical and
occasionally with a 50-degree to 70-degree tilting to the east. The general shape of the
these joints, are often 5 to 6 sided volumes, but rarely 3, 4 and 7 sided volumes are also
visible. These structures have been formed during the chilling process of the magma
mass. The sub-volcanic rhyolitic rocks have microporphyry texture, but according to
some thin sections, glomeroporphyry and felsophyric textures have been observed. It is
worthnoting that, alkali feldspar, plagioclase, quartz, biotite and hornblende are the
main mineral constituents. The pyroxene-andesitic rocks consist of porphyritic textures
with plagioclase, amphibole and pyroxene as the main mineral constituents. Secondary
minerals such as chlorite, calcite, sericite and epidote exist in both types of rocks.
Investigation of the results of geochemical data, and tectonic discrimination diagram
indicates that: the sub-volcanic rhyolitic rocks have characteristics of metaluminous,
calk-alkaline, I-type granitic rocks and that the andesitic rocks derived from a rich
mantle. Moreover, they were formed in a volcanic arc setting in an active continental
margin environment.
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