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Dating and source determination of volcanic rocks
from Khunik area (South of Birjand, South Khorasan)
using Rb-Sr and Sm-Nd isotopes
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Abstract

The Khunik area is located in the south of Birjand, Khorasan province, in the eastern margin of
Lut block. Tertiary volcanic rocks have andesite to trachy-andesite composition. Dating
analyzing by Rb-Sr method on plagioclase and hornblende as well as whole-rock isochron
method was performed on pyroxene-hornblende andesite rock unit. On this basis the
emplacement age is Upper Paleocene (58+11 Ma). These rocks have initial ®'Sr/*®Sr and eng
0.7046-0.7049 and 2.16-3.12, respectively. According to isotopic data, volcanic rocks originated
from depleted mantle and have the least crust contamination while it was fractionated.
Geochemically, Khunik volcanic rocks have features typical of calk-alkaline to shoshonite and
are metaluminous. Enrichment in LILEs and typical negative anomalies of Nb and Ti are
evidences that the volcanic rocks formed in a subduction zone and active continental margin.
Modeling suggests_that these rocks were derived dominantly from 1-5% partial melting of a
mainly spinel garnet Iherzolite mantle source that is metasomatized by slab-derived fluid.
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Sample No. KH-479  KH-403 KH-381 KH-303 Kh-481 KH-316 KH-31 KH-222 Kh-60 Kh-418
Latitude 704501 705062 702475 702020 702691 703854 703163 703061 704570 703793
Longitude 3584826 3584547 3585113 3585800 3588427 3588517 3586286 3587059 3584545 3586674
Lithology Px andesite P Hbl-Px andesite Hol-Px Hbl-Px andesite Hbl andesite Hol ol ol Andesite
andesite andesite andesite  andesite  andesite
SiO; 57.72 58.56 60.07 57.8 56.79 62.97 54.52 60.14 5591 62.69
TiO, 0.65 0.63 0.69 0.55 0.62 0.49 0.7 0.57 0.63 0.38
Al,O; 16.21 16.20 14.62 16.88 16.72 15.36 15.47 14.71 15.7  14.67
FeOt 5.6 5.19 5.75 5.53 6.2 4.34 5.95 5.48 6.15 5.67
MnO 0.13 0.15 0.17 0.16 0.17 0.17 0.18 0.18 0.18 0.15
MgO 3.49 351 2.65 3.54 3.14 1.58 3.46 2.45 4.42 1.16
CaO 6.24 4.14 6.35 4.48 6.58 6.64 7.76 6.07 4.03 5.64
Na,O 3.42 452 3.23 4.52 3.83 2.76 2.86 3.29 4.67 2.99
KO 217 3.58 3.04 3.42 2.98 1.77 2.88 248 34 2.83
P,Os 0.5 0.39 0.42 0.4 0.49 0.25 0.37 0.34 0.43 0.28
LOI 3.05 2.69 2.15 1.93 1.59 2.96 5.02 3.39 3.61 2.81
Total 99.18 99.19 99.14 99.21 99.11 99.29 99.17 99.10 99.13  99.27
ASI 0.84 0.86 0.72 0.87 0.78 0.82 0.70 0.74 0.84 0.81
Ba 577 722 539 633 537 1058 607 670 562 1299
Rb 42.8 87.3 68.7 83.6 1.7 455 68.7 55.1 85.5 68.8
Sr 115.6 1065 927.3 882.3 879.4 1189 788.4 1048 856.8 700
Zr 109.3 108.6 104.5 109.5 110.6 95.4 104.5 93.6 1175 74.8
Nb 44 51 34 4.8 4.8 3.6 41 33 4.7 34
Ga 16.6 171 20.1 18.1 19.2 16.1 2.7 16.9 174 9.8
La 25.5 25.7 27.3 27 29.6 23.3 23.8 235 28.3 18.1
Ce 48.5 51.6 52.8 49.4 55.3 47.2 515 449 56.4 34.2
Pr 6.07 6.15 6.34 6.17 6.7 5.19 5.80 5.20 6.92 411
Nd 23.7 25.3 25.7 25.1 27.4 21.2 23.7 21.2 27.6 16.1
Sm 474 4.93 5.19 4.94 5.49 4.15 4.95 4.22 5.36 3.39
Eu 1.38 1.42 1.45 1.39 151 1.21 1.39 1.25 142 0.99
Gd 457 4.28 4.84 455 49 3.82 478 3.98 4.47 341
Tb 0.60 0.63 0.63 0.59 0.64 0.56 0.69 0.58 0.61 0.48
Dy 3.35 321 3.29 331 381 3.03 3.56 3.59 341 2.83
Ho 0.71 0.73 0.78 0.65 0.68 0.67 0.79 0.72 0.65 0.57
Er 1.69 1.90 211 1.75 1.87 1.85 2.01 211 1.90 1.58
Tm 0.26 0.31 0.29 0.27 0.28 0.29 0.30 0.31 0.28 0.24
Yb 1.75 2.08 2.23 171 2.01 1.78 1.98 2.02 1.82 1.65
Lu 0.27 0.35 0.29 0.29 0.31 0.31 0.36 0.33 0.28 0.26
Y 18.5 18.2 18.2 18 19.7 16.6 19.7 18.7 18.6 155
Eu/Eu* 0.91 0.95 0.88 0.90 0.89 0.93 0.87 0.93 0.89 0.89
La/Ybg, 9.82 8.33 8.25 10.65 9.93 8.83 8.10 7.84 10.48 7.40
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