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Abstract

The Eocene dykes in the north and the west of Zahedan exposed into the flysch and
Zahedan granitoid rocks in the Sistan suture zone. These rocks, including mafic dykes,
ultramafic and felsic are mostly alkaline in nature and sometimes are contaminated. The
dykes in discussion, display mostly porphyritic and glomeroporhyric textures.
Plagioclase, hornblende and biotite are the main phases as well as the matrix of the
rocks. The presence of rounded plagioclase and corrosion Gulf of quartz, normative
changes and variation in minor and trace elements are indicative of contamination with
continental crust. Enrichment of LREE relative to HREE and the lack of Eu anomaly
are important characteristics of all of the studied rocks. High ratios (La/Sm)y, and
(La/Yb)y and(Sm/Yb)y and the alkaline nature of most of the samples, indicate a
melting process about 1 percent of a mantle with garnet Iherzolite composition. Such
conditions may be completion of subduction of Sistan oceanic lithosphere beneath the
Afghan block ended. Slab sinking to a considerable down, fluid released from the edge
caused some chemical and mineralogical changes of mantle wedge, and to facilitate
partial melting of the rocks. The fluid migration to higher levels due to the lower parts
of the upper crust and mantle wedge are batch melting. As the molten materials
increased, they were transferred to higher levels in the Oligo-Miocene period and have
been emplaced in the upper parts of the crust. It seems that after the Oligo-Miocene time
and as subduction continued, fractures developed and the ascending magma emplaced
into these fractures, which finally gave rise to the formation of the study dykes.
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Sample No. SF1-5 SF1-6 SF1-10 SF2-1 SF2-5 SF2-6 SF2-8 SF3-1 SF3-3 SF3-6 SF3-8 SF3-9 SF3-11
Gr Gd Dph Lam Lam Dph Qmo  Mogr AlLam Rph Gd Lam  ALam
SiO, 49.75  48.80 5143 55.00 6747 6281 6751 5398 6193 67.22 5548 49.15 49.98
Al,O4 17.44 16.07 15.84 16.65 16.71 17.39 1520 16.81 16.19 16.63 15.20 17.4 15.63
Fe,0s 6.43 9.41 6.29 5.96 1.93 3.61 5.92 7.53 243 2.04 5.92 7.04 5.92
MgO 7.82 6.41 8.09 4.77 0.05 1.99 6.63 6.17 2.34 0.05 6.63 8.44 6.97
CaO 7.10 7.52 6.94 6.27 2.73 3.50 2.98 8.40 4.34 2.80 5.99 7.29 7.10
Na,O 4.75 7.79 3.35 3.92 5.56 4.52 3.38 0.01 3.96 5.39 3.84 331 391
K0 1.92 1.80 247 3.73 3.38 3.21 2.13 1.86 3.26 2.50 2.13 1.98 241
TiO, 0.67 0.69 0.84 0.83 0.38 0.61 0.61 0.88 0.83 0.35 0.93 1.20 0.78
P,Os 0.57 0.57 0.66 0.79 0.19 0.36 0.58 0.83 0.49 0.27 0.58 0.67 0.61
MnO 0.05 0.05 0.05 0.15 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Cr,0; 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
L.O.1 3.22 3.23 3.58 171 1.48 1.56 2.96 2.97 2.26 2.26 2.96 2.96 6.63
Total 100.01  100.05 99.63  100.02 98.9 100.06 100.22 999 1001 101.8 1004  95.07 105.4
CIPW:
Qtz 0.00 0.00 0.00 153 2219 1478 1778 2188 1518 19.89 5.61 0.00 0.00
Or 11.35 10.64 14.60 22.04 19.9 18.97 22,75  10.99 1259 10.64 1259 11.35 14.24
Ab 3349 2982 2835 3317 47.05 3828 4375 0.08 3249 4053 3249 2801 33.09
An 18.67  17.08 2093  16.86 0.40 1501 1124 3647 17.97 2,67 1779 18.67 18.09
Ne 3.63 1.32 0.00 0.00 0.00 0.00 2.01 0.00 0.00 0.00 0.00 0.704 5.92
Di 750  11.03 4.84 4.97 0.00 0.00 0.00 0.00 0.00 0.00 3.63 7.29 9.16
Hy 0.00 0.00 15.78 9.58 4.09 46.03 0.12 1573 6.05 2344 1483 13.65 217
ol 1121 1284 1.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.79 0.00
Mgt 0.00 0.00 0.00 0.00 1.93 5.93 0.00 7.53 0.00 0.00 5.92 4.04 5.92
1im 0.02 0.15 0.18 0.05 0.64 0.11 0.17 0.05 0.00 021 0.813 0.12 0.11
Ap 1.04 0.00 1.35 1.83 0.46 1.14 0.63 1.97 0.00 1.32 0.00 0.00 1.14
Mg# 0.827  0.845 0.843 0.757 0205 0.667 008 0762 0714 0.909 0.823 0.824 10.823
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Sample No. SF1-5 SF1-6 SF1-10 SF2-1 SF2-5 SF2-6 SF2-8 SF3-1 SF3-3 SF3-6 SF3-8 SF3-9 SF3-11

Gr Gd Dph Lam Lam Dph Qmo Mogr AlLam Rph Gd Lam ALam
Ba 1.65 7.9 851 782 1525 600 1625 678 922 560 1023 956 1090
Bi 10 10 10 10 10 10 10 10 10 10 10 10 10
Be 1 1 1 1 1 1 10 1 1 1 1 1 1
Co 18 21 18 15 10 10 10 10 93 10 16 21 17
Tb 121 0.32 0.4 0.26 0.7 0.3 0.51 0.44 3.37 0.64 0.71 0.83 0.064
Ni 101 119 101 34 10 25 10 50 17 13 84 107 105
Se 10 10 10 10 10 10 10 10 10 16 10 10 10
Cs 31 59 46 48 19 35 18 18 19 16 31 42 44
Ag 0.01 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
As 13 17 14 12 13 13 13 14 17 17 23 10 11
Al 6.08 5.90 5.12 439 3.25 4.70 2.76 5.46 3.17 2.22 417 5.46 5.66
Hf 0.5 0.5 0.5 05 1.94 05 0.5 05 2.24 05 2.37 113 3.16
Nd 23.6 20 19.5 14 332 1875 95 16.07 26.5 20.1 20.8 20.2 39.8
Rb 91 81 114 122 56 123 114 103 60 84 52 92 155
Sn 2.2 8.8 25 1.6 1.9 2.06 1.6 1.8 1.6 25 1.8 1.6 1.6
Sr 2.2 25 565 522 250 234 2.6 566 333 1.99 384 451 522
Ta 1.38 121 1.55 1.05 1.24 1.35 1.23 1.24 1.24 1.27 1.6 121 1.35
Th 1431 1475 9.5 10.8 125 1045  15.03 9.81 7.82 75 7.05 131 14.35
U 2.13 15 0.8 35 21 1.03 1.2 1.3 1.2 1.6 1.2 25 3.2
\% 138 154 122 140 35 65 27 131 70 27 94 117 124
W 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.8 0.5 0.9 0.5 0.5
Zr 9 9 5 9 70 0.5 6 5 89 17 95 24 140
Y 21 21 14 13 10 10 10 16 10 10 10 16 16
La 28 27 20 22 10 10 10 24 10 10 12 17 24
Ce 31 2.8 6.2 3.2 1.6 3.9 3.2 43 42 31 39 4,01 39
Pr 0.15 0.20 0.27 0.21 3.2 0.04 0.04 0.21 0.21 0.05 0.26 0.04 0.05
Eu 1.2 0.81 0.91 0.49 1.85 75 22.7 0.75 1.06 0.1 1.55 0.99 1.8
Sm 3.89 3.21 3.6 2.42 6.04 3.50 399 2191 5 3.9 4.95 0.99 6.5
Gd 291 2.62 3.2 21 5.55 2.6 2.58 0.75 4.87 1.05 4.89 3.44 5.35
Tb 121 0.32 0.4 0.26 0.7 0.3 0.44 3.37 0.64 0.51 0.71 0.38 0.064
Dy 2.29 1.62 2.15 1.45 3.85 1.9 2.36 0.32 39 29 3.46 211 3.24
Ho 51 1.8 0.05 0.58 2.56 0.05 1.03 2.92 0.05 15 2.3 0.89 1.8
Er 0.13 0.1 0.1 0.49 0.22 0.1 0.1 0.5 0.1 0.21 0.34 0 1.8
Tm 0.1 0.3 0.5 0.3 11 0.2 15 0.7 1.2 0.99 15 0.1 113
Yb 0.3 0.2 0.6 0.2 1.10 0.3 0.67 0.81 1.2 0.98 1.69 0.12 1.10
Lu 28 20 22 10 24 10 28 24 12 10 10 17 17
Mo 1 1 1 1 1 1 1 1 1 1 1 1 1
Cu 91 55 69 59 40 38 28 50 44 39 44 60 133
Pb 10 10 10 10 10 14 17 10 16 21 10 10 10
Zn 74 73 77 74 45 88 67 70 62 63 72 78 83
K 4.1 4.06 4.26 43 43 42 434 4034 421 423 421 4.75 421
Ti 3.96 3.71 3.74 3.74 3.2 3.61 3.69 3.25 3.44 3 3.67 3.85 3.61
P 10 10 10 10 10 10 10 10 10 10 10 10 10
Cr 239 198 270 133 63 57 151 50 79 36 213 250 200
Eu” 1.2 0.81 0.91 0.49 0.85 0.75 0.75 114 1.06 1.07 1.55 0.99 1.8
Eu/Eu 1 1 1 1 1 1 1 1 1 1 1 1 1
La/Yb 46.6 6.4 40 233 7.69 50 28 14.28 833 1010 2833 28.33 218
La/Sm 7.19 3.60 8.41 0.55 1.65 3.27 241 2.50 9.09 2.56 491 491 3.69
Gd/Yb 5.73 6.4 7 4.05 4.26 13 6.04 6.4 3.26 3.78 4.85 4.85 4.86
Sm/Yb 6.36 6.52 8.06  10.07 464 1525 5.7 5.82 4.16 3.93 5.73 5.73 5.90
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