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Petrography and Geochemistry of ophiolitic basalts from
Marivan- Palangan region (Zagros, western lran)
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Abstract

Magmatic evolution, partial melting and petrogenesis of the basaltic rocks from
Marivan-Palangan ophiolite suite, Zagros suture zone, western Iran have been studied.
Basaltic rocks mostly exhibit pillow structures and have remarkable outcrops in the
crustal succession of the Marivan-Palangan ophiolite. Based on petrographic and
geochemical criteria, two distinct rock types are recognized. Regarding the chemical
classifications, both types are basalt. The results of CIPW norm calculations reveal their
olivine tholeiitic (abyssal tholeiitic) nature. They also belong to the tholeiitic magma
series close to the transitional type. The high Ti contents of the basalts are indicative of
the High-Ti affinity of the ophiolites. Fractionation of variable amounts of olivine,
plagioclase and clinopyroxene is inferred from variation diagrams, particularly for the
type two rocks. Although both rock types resemble the E-MORB on the multi-element
diagrams, they are remarkably distinct regarding the HREE and MREE contents. Partial
melting models suggest that the basalts have been originated after 5-25% (type 1) and
15-25% (type 2) partial melting of a spinel lherzolite mantle source. Besides, Sm/Nd,
Ce/Sm, Sm/Yb and La/YDb ratios of the samples are close to an EMII-type enriched
mantle; that may be indicative of contribution of EMII-type components to the
petrogenesis of the magmas. It is concluded in this research that variable degrees of
partial melting of a spinel peridotite mantle source, combined with the contribution of
EMII-type components generated the enriched nature of the ophiolite-related basalts in
this part of the Neo-Tethyan realm.
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Sample No. vy AD Y Yy Y V.Y £ OA
SiO, 49.38 50.75 50.5 51.68 48.59 49.58 50.73 50.18
TiO, 1.29 1.31 1.38 1.36 1.3 1.26 1.24 1.27
Al,Os 16.82 17.02 17.12 16.94 18 17.25 15.8 17.28
Fe,0s 2.75 2.85 2.87 2.83 2.81 2.76 2.75 2.77
FeO 6.26 5.71 5.79 5.69 5.56 6.02 6.48 5.79
MnO 0.14 0.12 0.14 0.12 0.12 0.14 0.13 0.12
MgO 7.34 6.73 7.2 7.51 7.15 8.01 8.09 8.41
CaO 10.98 10.64 11.9 11.55 10.69 10.63 12.25 10.03
Na,O 3.34 3.59 3.02 2.89 3.51 3.52 2.69 3.54
K20 0.65 0.29 0.23 0.43 0.45 0.71 0.36 0.19
P20s 0.19 0.24 0.24 0.21 0.22 0.2 0.17 0.16
Total 99.14 99.25 100.39 101.21 98.4 100.08 100.69 99.74
Lol 1.76 2.59 1.49 1.75 2.2 222 1.52 2.08
Mg# 67.64 67.75 68.91 70.17 69.63 70.34 69.00 72.14
C.I.P.W.

Apatite (Ap) 0.45 0.57 0.57 0.50 0.52 0.47 0.40 0.38
limenite (I1) 2.45 2.49 2.62 2.58 2.47 2.39 2.36 2.41
Orthoclase (Or) 3.84 1.71 1.36 2.54 2.66 4.20 2.13 1.12
Albite (Ab) 28.15 30.38 25.55 24.45 28.82 27.66 22.76 29.95
Nepheline (Ne) 0.06 0 0 0 0.48 1.15 0 0
Anorthite (An) 28.98 29.47 3248 31.98 32.03 29.17 29.97 30.70
Magnetite (Mt) 3.99 4.13 4.16 4.10 4.076 4.00 3.99 4.02
Diopside (Di) 19.52 17.47 20.05 19.18 15.68 17.86 23.88 14.41
Hypersthene (Hy) 0 9.15 11.20 15.61 0 0 11.94 7.18
Olivine (Ol) 11.72 3.90 2.42 0 11.69 13.20 3.28 9.58
Quartz (Q) 0 0 0 0.27 0 0 0 0
Sum 99.16 99.27 100.41 101.23 98.42 100.10 100.71 99.76
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Sample No. Y Y \YY i VF. VOA \V# Vaf
SiO, 49.51 49.57 49.1 49.68 49.22 51.7 50.305 50.46
TiO, 1.12 1.11 1.29 1.41 1.7 1.59 1.5825 1.645
Al20, 16.98 18.99 16.69 16.28 16.62 15.44 16.25 16.03
Fe;0s 2.62 2.6 2.84 3.01 3.21 3.15 3.1225 3.18
FeO 5.87 5.21 6.51 6.89 6.6 6.88 6.8375 6.74
MnO 0.13 0.12 0.13 0.14 0.15 0.16 0.1475 0.155
MgO 7.77 6.31 7.25 6.99 6.95 7.01 6.8625 6.98
CaO 12.22 12.72 12.73 12.39 11.31 10.11 11.41 10.71
Na,O 2.81 2.94 2.96 2.59 3.56 3.99 3.3675 3.775
KO 0.11 0.17 0.27 0.19 0.34 0.31 0.245 0.325
P,0s 0.18 0.17 0.2 0.2 0.25 0.22 0.225 0.235
Total 99.32 99.91 99.97 99.77 99.91 100.56 100.36 100.24
Lol 1.74 1.43 1.61 1.41 1.96 1.8 1.57 1.88
Mg# 70.24 68.34 66.50 64.39 65.24 64.49 64.15 64.86
C.ILP.W.

Apatite (Ap) 0.43 0.40 0.47 0.47 0.59 0.52 0.53 0.56
IImenite (11) 2.13 2.11 2.45 2.68 3.23 3.02 3.01 3.13
Orthoclase (Or) 0.65 1.01 1.60 1.12 2.01 1.83 1.45 1.92
Albite (Ab) 23.78 24.88 25.05 21.92 29.57 33.76 28.50 31.94
Nepheline (Ne) 0 0 0 0 0.30 0 0 0
Anorthite (An) 33.39 38.12 31.46 32.23 28.37 23.30 28.50 25.83
Magnetite (Mt) 3.80 3.77 4.12 4.37 4.66 4.57 4.53 4.61
Diopside (Di) 20.92 19.18 24.50 22.57 21.02 20.51 21.50 20.76
Hypersthene (Hy) 8.91 5.71 0.93 13.99 0 7.32 7.18 3.19
Olivine (Ol) 5.34 4.76 9.41 0.45 10.20 5.74 5.18 8.31
Quartz (Q) 0 0 0 0 0 0 0 0

Sum 99.34 99.93 99.99 99.79 99.93 100.58 100.38 100.26
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Sample No. Yy AD Y Yy Y Vev fa OA
Cs 1.47 0.59 0.61 0.18 1.32 2.3 0.5 1.14
Ba 73.91 65 67.02 70 95 113 74.51 57.03
Rb 17.3 6.4 6.24 13.9 10.41 19.6 541 3.11
Sr 176 210 265 229 229 215 144 208
Th 0.37 0.83 0.82 0.8 0.5 0.6 0.35 0.44
U 0.15 0.34 0.36 0.35 0.19 0.29 0.19 0.25
Pb 23 2.51 2.75 2.69 3.15 1.5 1.22 1.11
Sc 33.95 31.21 31.66 31.1 31.1 30.1 36.02 32.13
\Y 236 211 213 257 219 211 223 255
Cr 355 325 317 388 272 263 386 407
Co 48 47 49 46 49 50 51 50
Ni 90 106 109 102 110 108 103 151
Hf 3.1 2.99 2.97 2.99 3 2.88 2.51 2.70
Ta 0.72 0.62 0.46 0.45 0.61 0.3 0.43 0.33
Zr 135 143 138 132 135 115 91 103
Nb 10 11.03 10 11.02 12.9 10.97 4 7
La 5.05 8.41 10 11.2 72 13 4.51 6.51
Ce 14.03 21 22.01 25.02 17.2 30 12.1 16.03
Pr 2.13 2.71 2.87 341 2.36 4 2.01 2.29
Nd 9.99 13.03 13.5 13.4 12.09 17.98 9.44 10.98
Sm 3.38 4.25 3.83 3.74 3.69 44 2.71 3.38
Eu 1.14 13 1.16 1.33 1.3 1.1 1.01 1.09
Gd 4.09 4.62 4.28 4.68 4.7 4.55 4.35 4.39
Tb 0.9 0.7 0.87 0.77 0.7 0.84 0.7 0.79
Dy 5.94 4.99 5.61 5.03 6 5.75 5.76 491
Ho 1.07 0.82 1.17 1.03 0.94 1.02 1.09 1.11
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Pb 1.19 1.2 1.18 2.1 2.15 1.44 1.795 1.795
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\Y 224 203 236 248 253 251 245 252
Cr 368 299 338 191 259 218 224.5 238.5
Co 49 44 45 53 46 52 49.75 49
Ni 115 90 99 65 111 68 81 89.5
Hf 2.66 2.60 2.75 2.69 3.6 3 3.22 33
Ta 0.42 0.47 0.61 0.44 0.45 0.43 0.4 0.44
Zr 101 100 111 98 143 132 127 137.5
Nb 11 4.05 7.42 9.52 5.6 7.36 6.97 6.48
La 5.44 337 8.7 5.28 7.13 6.81 6.565 6.97
Ce 13.91 12.11 18.92 15.77 21.1 17.41 18.0775 19.255
Pr 2.03 1.66 2.54 2.56 3.13 291 2.8525 3.02
Nd 9.11 8.62 11.52 11.13 16.02 13.93 13.6025 14.975
Sm 2.75 341 3.49 342 4.81 435 4.2475 4.58
Eu 0.95 1.14 1.2 1.19 1.36 1.71 1.4 1.535
Gd 3.64 3.98 3.74 5 5.92 5.21 5.4375 5.565
Tb 0.68 0.74 0.79 0.88 1.06 1.02 1.01 1.04
Dy 4.51 4.84 53 5.99 6.98 6.65 6.615 6.815
Ho 0.79 0.85 1.04 1.22 1.38 1.35 1.285 1.365
Y 18.99 22.03 24.02 26.73 30.91 29.89 29.14 30.4
Er 2.52 2.94 3.14 3.54 4.02 4.64 4.085 433
m 0.5 0.43 0.49 0.51 0.65 0.63 0.6025 0.64
Yb 2.5 247 2.75 332 3.79 3.29 3.4475 3.54
Lu 0.41 0.32 0.41 0.56 0.58 0.48 0.53 0.53
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