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Fe,0; 227 2124 2/05 18 1/94 19 19 2 18 18 19
FeO 4/54 4/49 4/1 3/6 3/88 3/8 4/08 4 3/76 3/62 3/82
MgO 2/99 3/02 29 2/19 2/34 2/35 2137 2136 1/35 1/87 2/34
Cao 5/62 5/38 4/98 6/02 5/32 5/77 6/12 6/2 7122 591 5/74
Na,O 3/67 3/77 4/51 3/05 4/19 3/53 3/56 3/62 2/9 3/1 3/55
K,0O 2/61 2/54 2/46 3/7 3/78 3/7 3/61 3/6 4/01 3/65 3/62
TiO, 0/55 0/55 0/52 0/45 0/48 0/46 0/47 0/47 0/44 0/43 0/45
P,Os 0/34 0/34 0/33 031 0/34 0/33 0132 0132 0/29 0/28 031
MnO 0/16 0/15 0/16 0/12 0/13 0/13 0115 0/15 0/17 0/13 0/15
Cr,03 0/003 0/009 | 0/007 | 0/015 | 0/013 | 0/005 0011 0/003 0/003 | 0/014 0/004
LO. 44 3/5 2/5 41 2 212 25 18 517 46 32
Sum 99/74 99/47 | 99/75 | 99/72 | 99/71 | 99/69 99/71 99/68 99/74 | 99/73 99/72
Y-F Jgoz aalol
S5S2 S8
5SS S5SE SS2 S5SE SS2 S8 21-2- 21-2- SS3 SS-
sample no. 14-1 14-3 13-1 17-2 12-2 12-3 B A 22-1 22-3
oyl ST —cg il
SiO, 59/44 | 59/45 | 58/09 | 59/21 | 58/03 | 60/77 | 57/71 | 59/24 59/99 60/19
Al,O3 16/93 16/76 16/83 17/13 17/07 16/56 17/1 16/15 16/4 16/39
Fe;Osr 5/44 5/46 5/92 6/07 6/28 5/2 6/23 5 5/15 5/34
Fe,0s 1/8 1/82 1/9 2/02 2/09 17 2/07 1/6 17 1/78
FeO 3/64 3/64 4/02 4/05 4/19 3/5 4/16 3/4 3/45 3/56
MgO 2 2 2/05 2/34 2124 1/81 2147 1/8 2/04 2/23
CaO 5/82 5/64 6/03 4/59 6/14 5/61 6/35 5/74 5/59 5/41
Na,O 4/19 4/31 4/16 5/21 4 3/77 3/39 3/45 3/59 3/47
K;0 2/66 2/67 2/68 2/93 2/8 2/81 2/68 2/85 2/79 3/01
TiO, 0/58 0/59 0/63 0/53 0/69 0/55 0/69 0/52 0/56 0/57
P20s 0/29 0/29 0/32 0/29 0/34 0/26 0/35 0/26 0/27 0/28
MnO 0/13 0/13 0/15 0/15 0/15 0/13 0/14 0/12 0/12 0/12
Cry03 0/006 0/02 0/009 | 0/017 | 0/007 | 0/021 | 0/005 | 0/012 0/022 0/003
L.O.l 212 2/4 2/8 1/3 2 212 2/6 4/6 312 217
Sum 99/72 | 99/73 | 99/69 | 99/76 | 99/72 | 99/73 | 99/71 | 99/75 99/74 99/74

AY




Y- Jgoz anlol

DS- DS- DS- SS- SS- Ss- Ss- SS- DS- | DS-
sample no. 12-1 10-2 10-1 5-2 5-1 8-2 9-2 B3 7-1-1 7-6
Sl S -l Sds, S
SiO, 6027 | 6124 | 61183 | 61/78 | 64/58 | 68/25 | 68/84 | 69/76 | 61/54 | 62/03
AlL,O; 16/11 16/32 16/22 1594 | 1579 | 1511 | 1516 152 16/17 | 15184
Fe,0sr 4175 4127 43 404 | 348 | 252 | 229 | 226 | 509 | 523
Fe,0, 58/75 1/42 143 | 134 | 116 | 084 | 076 | 075 | 169 | 174
FeO 154 2/85 2187 217 232 | 168 | 153 | 151 314 3149
MgO 1/6 2/05 1/6 3/15 1/95 1,07 0193 0/88 191 1/82
Ca0 5/13 3114 404 | 429 | 368 | 291 | 286 | 278 | 425 | 389
Na,O 3/33 3/66 3/76 5/02 57 3/93 4126 4127 3/55 3/50
K,O 4/38 5/03 4/81 2122 2/38 3/51 2/93 3 5/57 581
TiO, 0138 0132 0132 055 0/4 0128 0125 0125 0/53 0/58
P,Os 0122 0/21 0/22 013 0123 011 0/08 0/09 0129 0129
MnO 0112 0/12 0/12 0/06 0106 0/04 0/03 0/04 011 011
Cr,03 0/004 0/003 0/012 | 0014 | 0/037 | 0009 | 0012 | 0/005 | 0/003 | 0013
L.O.l 3/4 3/4 2/5 2/4 15 21 212 15 0r7 0/6
Sum 99/71 99/74 99/7 99/74 99/8 99/88 | 99/88 | 99/88 | 99/70 | 99/71

Fex03/Fe0 s polas moral g5 )8 olge Ba> 5l s (o0 s ) sl g s SIS HlaaeY-F Jgoo

sample | DS-4- | DS-4- | DS-5- | DS-11- | DS-9- | DS-11- DS-15- DS-17-
no. 3 2 4 2 1 1 DS-19-1 | DS-19-4 | 1 DS-15-3 | 3
Q 8116 | 8504 | 7/448 10/883 | 5/659 9129 | 8259 8/182 8/913 11/865 9/158
or 15/42 15/01 14/54 21/866 | 22/34 21/866 | 21/334 211275 23/698 21/57 21/393
Ab 31/06 319 38/16 25/808 | 35/46 2987 | 301124 30/631 24/539 26/231 30/039
An 20002 | 20/62 17/87 19175 | 1519 17921 | 17124 17/539 17/514 18/116 16/758
Di 4/629 | 3154 | 3/836 713 | 71396 7031 | 9197 9/17 13/762 7759 71979
Hy 11,02 1174 | 1062 6/547 7/156 7282 | 6/785 6/55 1/459 5/505 6/878
Mt 3291 | 3248 | 2972 2/61 | 2/813 2/755 | 2/755 2/9 2/61 2/61 2/755
I 1/045 1045 | 0,988 0/855 | 0912 0/874 | 0/893 0/893 0/836 0817 0/855
Ap 0/805 | 0/805 | 0/782 0/734 | 0/805 0/782 | 0/758 0/758 0/687 0/663 0734
Sum 9541 | 96/03 | 97121 95/608 | 9772 97/509 | 97,229 97/899 94,017 95/136 96/548
Y-F Jgoz aslol
SS= SS= SS- SS- SS- SS- SS:21-R(RSS-21-88 8SS= SS:
Sample.no. | 14-1 14-3 13-1 17-2 12-2 12-3 2-B 2-A 22:1! 22-3
Q 9/821 9/525 8/095 4/164 7/888 13/449 10/362 13/492 13/45 13/406
or 15/72 15/779 15/838 17/315 16/547 16/606 15/838 16/843 16/488 17/788
Ab 35/455 36/47 35201 441086 33/847 31/901 28/685 29/193 30/378 29/362
An 19/531 18/498 19/333 14/7 20/352 19/963 23/526 20/163 201394 20/255
Di 6/141 6/254 7/023 5/09 6/507 5/099 41677 5/465 4/585 3/903
Hy 6/431 6/343 6/679 8/489 71472 6/341 8/9 6/066 7/053 7/985
Mt 2/61 2/639 2/755 2/929 3/03 2/465 3/001 2/32 2/465 2/581
I 1/102 1121 1197 1007 1311 1/045 1311 0988 1064 1,083
Ap 0/687 0/687 0/758 0/687 0/805 0/616 0/829 0/616 0/64 0/663
Sum 97/497 97,317 96/879 98/467 97/76 97/486 97/13 95/145 96/516 97/026
Y-¥ Jgoz aalol
SS- SS-5- | SS- SS- SS- Ds- DS-
Sample.no. DS-12-1 | DS-10-2 | DS-10-1 | 5-2 1 8-2 9-2 5-3 7-11 7-6
Q 13/095 10,005 10/579 10/68 1213 23/63 24/74 25/65 8/145 8/807
or 25/884 29/726 28/426 1312 141 20/74 1732 17/73 32917 34134
Ab 28/178 3097 31/816 42/48 4812 33126 36/05 36/13 30/039 29/62
An 16/073 131245 13173 144 105 13122 13/59 12/96 11/735 1035

A€




Di 5/516 0787 41487 3/96 511 0/408 0/063 0204 6/142 5/822
Hy 1/428 8/475 5/55 9/077 513 4/468 4/11 3/906 5/905 5/874
Mt 0 2/059 2/073 1/943 1/68 1218 1/102 1,087 2/45 2/523
1] 01257 0/608 0/608 0/95 0/76 0/532 0/475 0/475 1,007 1102
Ap 05521 01497 05521 0711 0/55 0261 0/189 01213 0/687 0/687
Sum 15013 96/373 97/233 97/32 98/3 9774 97/64 98/36 99/027 99112
PPM > ) adlllac 550 sladiges S CloS jolic olond 4500 mli -F-F Jou
DS- DS-4- | DS-5- | DS-11- DS- DsS- DS- DS-15- DS-
le no. 4-3 2 4 2 9-1 11-1 19-1 DS-19-4 1 DS-15-3 NS
oyl ST - il
La 199 20/8 213 38/4 40 393 3718 38/6 34 3811 339
Ce 415 415 44/6 68/9 71/5 69/4 69/6 7 64/1 69/6 63/9
Pr 514 524 512 7132 7164 7/56 771 7182 6/89 7162 6/98
Nd 19 2013 21 25/8 2712 27/4 28/5 2811 27/5 2812 26/9
Sm 4/15 43 4121 4199 4/98 5117 5147 5/57 5/5 5125 5/6
Eu 12 126 122 1/36 147 1/44 1/56 1/6 1/53 15 1/52
Gd 377 3/87 373 4129 4152 416 5/03 501 478 49 4/66
Tb 0/58 0/58 057 061 0/65 0/64 073 0174 069 0/69 0/69
Dy 317 3/34 317 3/07 3/34 3/08 381 381 373 379 357
Ho 0/6 063 0/65 0/56 063 0/59 07 071 073 0/69 0/68
Er 174 1/88 192 163 167 167 2/05 211 2/05 2/01 199
Tm 029 028 029 0124 0126 0126 033 032 031 013 013
Yb 1/83 1,84 191 1/54 1/66 1/56 2 2/09 2/02 2/02 193
Lu 029 013 013 0125 0126 0126 0/34 033 031 0/33 03
F-F Jooz aslol
§S-21- | SS-21-
sampleno. | SS-14-1 | SS-14-3 | SS-13-1 | SS-17-2 | SS-12-2 | SS-12-3 2-B 2-A SS-22-1 | SS-22-3
Syl ST - il
La 37/6 331 45/9 24 34/6 30/6 34/6 31 333 327
Ce 7513 66/4 9012 47/4 68/5 60/8 68/4 58/9 64/8 63/8
Pr 8/08 7/38 9/67 5/36 7154 6/41 T 6/5 6/77 6/81
Nd 30/8 2719 37/8 21 2912 23/8 302 2419 2513 25/5
Sm 55 4/92 6/08 3/97 5/08 423 5114 4,09 4/35 4/41
Eu 139 124 1/53 114 137 113 14 113 113 119
Gd 4/35 3/94 4187 3/48 4/06 3/46 4/04 314 35 3/66
Tb 0/64 0/62 072 0/55 059 0/53 061 051 0/53 0/56
Dy 3/37 327 4/03 2/96 3/34 2/93 328 2/94 2/93 3/03
Ho 0/68 07 082 0/62 0/66 0/6 069 0/58 0/6 0/64
Er 2/13 2/05 2/45 187 199 18 194 169 1/76 19
Tm 032 031 037 029 013 028 013 0127 0127 0128
Yb 2/07 2/06 2/5 1/86 1/94 1/85 195 174 1,83 1,82
Lu 0133 0/32 039 029 013 029 013 028 028 029
F-F Jgom aslsl
sample | DS- DS- DS- | SS- SS-8- | SS- SS- DS- Ds-
no. 12-1 10-2 10-1 5-2 SS-5-1 2 9-2 5-3 7-1-1 7-6
Conld ST -l s, s
La 393 | 399 | 391 | 332 27/6 218 | 161 | 153 | 588 64/4
Ce 68/6 69/1 691 | 6317 52/1 38/9 28/5 273 | 107/5 117/4
Pr 719 715 | 6/78 | 6/58 531 401 | 289 | 272 | 1140 | 1170
Nd 237 | 225 | 245 | 245 1877 15 101 | 96 | 363 | 412

Ao




Sm 4/37 4/41 451 | 367 3/05 2/56 1/89 1/82 6/77 7/139
Eu 126 122 126 0/99 0/79 0/65 0/51 0/5 1/42 1/41
Gd 3/98 3/69 374 2/6 2/119 2117 1/63 1/57 5/36 5/53
Tb 0/56 0/53 054 | 0135 0132 0134 025 | 024 0/79 0/79
Dy 3/02 219 217 1/65 1/67 1/84 1,35 1/28 4/09 4/02
Ho 0/55 0/52 053 | 031 03 0137 026 | 0125 073 0/76
Er 1/56 1/42 151 09 093 1/05 0/79 0/72 2/06 2117
™™ 0124 0123 024 | 013 0114 0115 011 | 011 0134 0133
Yb 1/5 1/53 151 0/83 0/94 101 0/72 0/71 2/16 2/31
Lu 0125 0126 025 | 013 0115 0/16 011 | 011 0136 0135
(pPM e ) asdllas 5590 SleS polie  olaoiins o0 guls -0-F Jgax
sample DS- DS- DS- DS-11- | DS- DS- DS- DS- DS- DS- DS-
no. 4-3 4-2 5-4 2 9-1 11-1 19-1 19-4 15-1 | 15-3 | 17-3
oyl ST - il
Sc 16 15 13 13 14 13 13 14 13 12 13
Ba 732 770 672 920 887 938 896 918 817 853 789
Be 2 2 1 3 3 3 2 2 2 3 3
Co 135 12/6 117 111 117 115 11/7 1213 10/4 1012 11
Cs 35 4/9 6/3 39 4/6 52 1/8 15 2/5 2/11 4/7
Ga 158 16/3 16 15/4 15/5 15/6 14/9 15/7 139 14/1 13/7
Hf 217 2/5 2/7 31 35 35 34 34 313 31 33
Nb 44 42 4/9 6/5 6/5 7 58 59 6/1 6/5 5/8
Rb 54/4 55/4 51/2 98/6 979 95/7 82/7 832 81/3 84/1 7812
Sr 8471 | 90 | 7724 935 | 1021 | 1041 | 919 | 1005 | 805 | 884 | 882
Ta 012 012 012 0/4 0/3 0/5 0/4 0/3 0/3 0/4 0/3
U 19 19 17 33 3 313 31 3 3/7 3/6 3/6
Vv 132 131 149 106 124 119 144 180 128 108 136
W <0/5 <0/5 <0/5 12 111 13 0/8 11 15 12 111
zr 792 | 798 | 936 131 131 | 133 139 | 1386 | 130 | 138 | 135
Y 18/3 18/6 17/4 17 17/7 17/8 21/6 22/1 193 20/7 192
Mo 0/4 0/5 0/5 1/4 12 11 1 09 12 111 0/6
Cu 36/1 319 2912 301 33 31 30 36/7 402 | 2211 | 335
Ph 4 4/4 316 216 7/4 4 312 27 316 29 15
Zn 55 54 59 58 37 44 56 57 63 62 66
Ni 2/6 2/7 2/9 712 7 6/9 3/9 4 4 4/4 5
As 27 27 4/8 05 15 0/6 05 15 17 1/6 43
Au <0/5 2 1 <0/5 07 <0/5 1 1 2/8 15 0/6
SS-14- | SS-14- SS- SS-17- SS- SS- SS- SS-21- SS- SS-
sample no. 1 3 13-1 2 12-2 12-3 21-B A 22-1 22-3
il ST -yl
Sc 10 10 10 11 12 9 12 9 9 10
Ba 855 844 882 792 793 796 852 758 766 814
Be 2 1 1 1 1 1 2 1 1 1
Co 7/6 73 7/8 12/3 9/6 713 99 7/5 79 8/3
Cs 4/4 47 219 4/5 2 31 2/6 3/7 3/4 3/4
Ga 1777 17/4 17/7 16 18/4 16/7 18/4 16/3 17 17/4
Hf 4 4/1 4/9 3 4 4 3/6 3/6 3/9 4
Nb 1058 105 119 6/1 93 9 9/4 87 9/8 1012
Rb 69/8 7156 6914 94/4 721 | 8112 711 85/8 85/1 90
Sr 877 835 1020 659 903 | 921 854 | 8835 | g35 | 785

A1




Ta 07 07 07 0/4 0/6 0/6 0/6 0/6 0/6 07
U 211 212 213 16 1/8 23 19 2 2/4 2/8
\ 108 104 112 139 140 104 141 100 107 111
w <0/5 09 07 08 0/6 0/6 <0/5 12 <055 <055
zr 157 153 179 103 148 146 148 136/7 140 145
Y 1919 2018 2411 18 1819 1714 198 171 17/4 18
Mo 013 0/6 055 04 055 0/6 013 0/6 0/6 055
Cu 10 9/5 1018 2813 16/4 108 171 12/4 106 1019
Pb 23 258 2 5/6 36 519 311 35 412 37
Zn 37 38 31 18 37 29 20 23 35 33
Ni 2/5 34 53 2/5 3/6 2/6 2/5 3 35 2/9
As 018 07 24 54 1 <05 <0/5 <0/5 <0/5 <0/5
Aau | <05] o5 | <05 | <05 | 05 | <05 | <05 | <05 | <05 | <05
sample Ds- Ds- DS- | SS-5- | SS-5- S5= SS=9-M(INSS=5- Ds- Ds-
no. 12-1 10-2 10-1 2 1 8-2 2 3 =151 7-6
Casld (S s, Lo
Sc 10 8 9 9 7 5 5 5 11 11
Ba 987 1069 1084 649 632 592 614 590 716 563
Be 3 3 3 <1 <1 <1 <1 6 5
Co 9.8 Uy 719 12/4 3/8 4 37 115 114
Cs 35 2/9 31 0/8 L4 33 31 31 17/6 1777
Ga 155 15/6 14/4 16/6 1612 1319 143 132 16/0 152
Hf 319 35 33 29 3 37 33 31 8/6 101
Nb 67 6/8 7 8/8 8/6 7 5/6 5/6 24/0 282
Rb 1189 | 136/4 120 494 56/3 9713 97/5 9319 23718 236/9
Sr 9398 | 598 827 955 681 22616 243 226 75416 | 64716
Ta 0/4 0/4 0/4 055 055 07 0/6 055 15 16
U 4 41 44 2/11 2/13 33 33 33 112 11/8
\Y 130 108 98 92 69 33 37 33 105 114
W 19 18 m <0/5 <0/5 1 019 018 512 5/4
Zr 15113 1411 145 108 110 1353 114 111 352/0 419/5
Y 167 15/6 149 91 91 11 718 7 2312 2113
Mo 18 055 0/8 013 0/8 055 0/6 0/8 17 2/0
Cu 22/9 198 20/8 35/4 1211 2312 3612 34/9 1443 123/4
Pb 6/7 91 18/4 16 33 81 2/5 213 155 16/1
Zn 49 61 109 36 18 40 66 61 27 26
Ni 6/3 317 3/5 26/6 1512 8/5 716 7 418 417
As 07 419 15 <0/5 212 2/4 1 <0/5 17 13
Au 019 07 <0/5 <0/5 <0/5 <0/5 05 0/6 11 <0/5

AY
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Abstract
The studied area includes parts of North and south of Birjand. This area is
located in the east of Central Iran zone and in the other word, some parts of
Lut Block. In this area, there are numerous subvolcanic- plutonic bodies
which they emplaced mainly in the form of domes and dikes (rarely sill).
Mayakuh, Hamond, Rami, Givshad, Runeshk, Chah Nuri, Dokuheh,
Allahyar and Lukhi Siahvar pluton are typical examples of this association.
These bodies emplaced in Eocene volcanic- volcanosedimentary and
volcaniclastic rocks and Cretaceous- Paleocene ophiolitic rocks. With
respect to field observations, they have late Eocene- early Oligocene (?)
ages. The mentioned bodies have lithological compositions include
andesite- trachyandesite, trachydacite, dacite, rhyolite and syenite. These
rocks have a wide variety of porphyry, glomeroporphyry, microlitic
porphyry, trachitic and granular textures. Based on the chemical analyses
results and geochemical diagrams, these rocks show a nearly continuous
fractional crystallization trend, but Mayakuh rhyolitic dome is more
differentiated than the other domes and Lukhi Siahvar syenitic pluton is
more interest with enrichment of K and HREE. Based on the geochemical
diagrams such as incompatible - incompatible, incompatible- compatible
and compatible - compatible diagrams, the studied rocks followed from a
mainly fractional crystallization trend and with less extent of assimilation
and fractional crystallization trend (AFC). The present of the following
enclaves are evidences of crustal assimilation: garnet bearing granitic
gneiss (in Mayakooh), amphibolitic (Dokuheh), micaschistic (Chah Nuri
and Runeshk) and metasandeston (Hamond) and totally quartzitic (Hamond
and Allahyar). Bases on the REE and spider diagrams, the studied rocks are
enrichment in LREE and LILE and depleted from some of the HFSE (such
as Nb and Ta). Based on these diagrams Mayakuh dome is more different
than the other domes with showing more depletion from HREE and more
enrichment from LREE and LILE. Based on the geochemical
characteristics, the studied rocks are belong to high silica adakites and
resulted from melting of subducted oceanic slab and probably overlay
mantle wedge. Of course, metasomatized mantle is contributed in these
evolutions by considering the geology and historical geology of the studied
area. It is possible to say that the studied rocks are resulted from fractional
crystallization of magmas which produced by melting of Neotethian
oceanic slab beneath the Helmand - Farah continental crust (slab).
Keywords: Petrology, Geochemistry, Continental arc, Adakite,
Birjand.
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