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Abstract

Olivine basalts from east of Nehbandan and Chahchocho regions belong to sodic alkaline
and transitional magma series. Compared to alkaline olivine basalts (AOB), the
transitional olivine basalts (TOB) have higher MgO, SiOz, Ni, Cr, Ba, Th, Pb, and U, and
lower TiO., FeOx, REE, and HFSE. High MgO, Mg*, Ni, and Cr (13.8 wt%, 77, 531 and
860 ppm, respectively) of the TOBs indicate that their chemical composition is close to a
primary magma in equilibrium with mantle peridotites, whereas, the same values of the
AOBs (8.3 wt%, 59, 155 and 176 ppm, respectively) are not quite close to a presumed
primary magma. Based on petrographic and geochemical criteria, the TOBs have
undergone both crystal fractionation and crustal assimilation, but the AOBs just show
evidence of fractional crystallization. The enrichment of all rocks in the LREES compared
to the HREES, LILEs relative to the HFSES, together with the REE and multi-element
patterns close to those of OIB may be indicative of an enriched asthenospheric-
lithospheric mantle source. Non-modal batch melting models show that the AOBs are
generated by ~7% partial melting of an asthenospheric mantle source at garnet lherzolite
stability field. Furthermore, the TOBs are formed either by 7-15% partial melting of a
metasomatized lithospheric mantle, or they are products of partial melting of an
asthenospheric-lithospheric mantle source at 50% garnet-50% spinel lherzolite stability
field.
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Sample No. TOB TOB  TOB TOB TOB TOB AOB AOB AOB  AOB AOB
SiO; 4808 4815  49.45 4825 4866 4857 4581 4557 4616 4655 45.72
Tio, 0.78 0.77 0.72 0.71 0.71 0.72 3.09 3.10 3.08 3.09 3.1
Al,Os 1367 1378  13.93 1361 1382 1390 1421 1412 1414 1437 14.10
Fe.0s 1.30 1.29 1.24 1.23 1.24 1.22 1.87 1.88 1.78 1.82 1.80
FeO ™ 7.40 7.37 6.98 7.08 7.10 694 1067 1071 1018  10.26 10.32
MnO 0.15 0.15 0.14 0.14 0.14 0.14 0.17 0.17 0.17 0.16 0.16
MgO 1459 1432 1365 1372 1350 1321 8.14 8.35 8.20 8.45 8.42
Ca0 8.61 8.25 7.87 8.19 8.01 8.19 7.78 7.86 7.87 8.09 8.02
Na,O 3.42 3.40 3.23 3.29 3.32 3.39 5.46 5.42 4.95 4.89 4.74
K20 1.15 1.25 1.18 1.16 1.19 1.14 1.48 153 1.49 153 1.43
P20s 0.24 0.24 0.20 0.20 0.20 0.20 0.61 0.62 0.68 0.69 0.68
LOI 0.33 0.54 1.49 1.93 1.33 1.65 0.06 0.01 0.12 0.23 0.40
Total 99.72 9952  100.07 9951 9922 9926 9935 9934 9881  100.13 98.90
Mg# ** 78 78 78 78 77 77 58 58 59 60 60
La 1830 1850  14.70 1620 1530 2110 1940 2040 2230  22.40 22.60
Ce 3870 3880  30.70 3130 3200 3790 6190 6180 6640  67.00 67.00
Pr 470 4.65 3.82 3.74 4.00 4.09 9.06 9.22 9.76 9.66 9.38
Nd 19.08 19.72 1590 17.38  17.38 1802 4325 4399 4452 4653 44.63
Sm 4.29 3.66 352 373 3.69 3.47 9.06 8.77 9.74 9.39 9.12
Eu 1.12 1.04 1.10 0.99 1.03 1.12 2.62 258 2.34 2.39 274
Gd 4.17 3.97 3.62 352 4.44 3.12 9.28 8.15 8.83 9.34 8.24
Tb 059 053 051 0.56 0.56 0.52 111 1.16 1.06 1.02 113
Dy 3.61 3.43 2.87 3.64 3.00 3.14 5.43 6.35 5.96 5.37 6.06
Ho 0.60 0.61 052 0.61 0.61 0.49 0.99 0.97 0.98 0.88 0.98
Er 1.63 1.50 1.68 1.48 1.99 1.45 221 2.54 255 2.05 2.39
Tm 0.26 0.29 0.21 0.22 0.27 0.22 0.28 0.32 0.32 0.34 0.28
Yb 1.81 1.58 1.14 1.54 1.64 1.35 1.89 2.03 2.07 1.90 1.90
Lu 0.27 0.30 0.25 0.22 0.29 0.26 0.30 031 0.22 0.36 0.35
Y 1501 1539 1321 1378 1596 1359 2347 2347 2214 2233 23.37
Rb 3358 3358  30.25 3002 3588 3105 4278 4336  31.05  29.90 29.67
Sr 478 445 382 378 452 368 726 723 699 739 751
Ba 559 573 505 499 529 483 250 237 254 253 253
Pb 5.20 5.40 8.30 6.10 6.40 6.80 7.40 6.10 3.70 3.70 3.90
Zr 115 119 93 99 91 99 264 293 237 335 350
Hf 253 276 2.19 2.65 276 2.07 6.33 6.33 5.87 6.10 7.82
Nb 7.60 570 3.80 760  19.00 570 2660 2280 3800  66.50 58.90
Ta 0.95 0.95 1.33 0.95 1.33 0.76 1.90 1.90 2.28 2.28 2.28
Th 4.34 432 402 3.99 417 417 1.62 153 2.13 2.17 211
u 0.95 1.07 1.00 0.90 1.04 0.89 0.80 0.79 0.62 0.65 0.50
Ni 597 606 505 541 497 482 159 168 140 141 145
Cr 666 630 930 930 1035 915 189 194 129 133 218
Co 60 64 62 59 62 58 57 58 51 54 53

v 256 258 326 315 341 310 317 332 247 242 322
Nph 553 5.40 1.22 3.15 2.84 294 1542 1556 1214  11.90 11.55
Cpx 1843 1693 1458 1650 1575 1640 2043 2075  19.05  19.12 18.84
ol 2811 2854  27.69 2751 2736 2648 1725 1752 1739 17.77 17.99

* FeO = 0.85) Fe (McBirney, 2006); **Mg# = [Mg/(Mg+Fe)]x100
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