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Lithology OB B OB B Average
Sample No. ND-1 ND-2 ND-3  ND-4 ND-5 ND-6 ND-7 | AH-1 AH-2 AH-3 | AH-4
(Wtt%)
SiO, 475 46.7 47 46.7 51.3 50.8 48.3| 489 49.3 49.3 48.2 48.54
ALO; 16.2 15.9 15.7 15.8 17.0 16.1 154| 161 16.1 16.1 14.9 15.93
CaO 9.6 9.4 10.2 10.1 10.5 10.1 9.8 9.6 9.6 9.6 11.6 10
Fe,0st 10.3 10.5 10.4 10.6 8.1 9.7 10.1 9 9 8.9 9.5 9.64
MgO 8.8 10.0 10.6 10.3 49 6.9 7.3 9.3 9.2 9.4 7.6 8.57
Na,O 3.4 3.0 3.4 3 3.7 5.4 5.0 3.8 3.7 3.8 3.26 3.76
KO 1.3 14 0.96 1.26 15 1.3 21 077 0.9 0.78 1.71 1.26
TiO, 14 15 1.45 1.49 1.2 15 1.8 1.33 1.34 1.3 1.67 1.45
MnO 0.15 0.17 0.15 0.16 0.19 0.17 0.14| 0.14 0.14 0.13| 0.126 0.15
P,0s 0.72 0.59 0.57 0.59 0.44 0.77 1.02| 053 0.53 0.51| 1.037 0.66
Mg# 58.75 61.68 6295 61.33 50.23 54.44 0.87| 50.98 50.07 51.29| 44.43 49.73
(ppm)
Ba 262 206 207 208 260 745 666 226 230 216 461 267
Cs 0.32 0.34 0.61 0.55 0.3 0.25 0.25 2.4 2.25 2.06 0.49 141
Ga 17.1 16.8 16.2 16.8 17.2 13.9 17.1 15.9 16.5 16 18.6 15.39
Hf 3 33 3.2 33 3.2 34 4.7 33 3.2 3.2 33 3.6
Nb 23 24.9 224 24.6 19.5 18.2 316 171 175 16.5 175 19.5
Rb 147 17.4 10.9 16.6 22.6 16.6 39.9 18 17.1 24.8 21.2 18.47
Sr 1160 863 769 847 743 1035 631 765 770 750 2330 875
Ta 1.3 15 14 14 1.2 1 1.8 11 11 1 0.9 1.15
Th 3.72 25 2.55 247 3.66 3.43 406 239 2.43 2.83 3.62 274
U 0.75 0.6 0.57 0.57 0.87 0.79 0.97| 0.64 0.61 0.63 0.84 0.64
\% 258 219 217 231 206 243 287 201 205 197 252 207
Zr 129 145 134 142 131 137 190 149 151 141 139 132
Y 16.3 18.5 17.8 18.6 16.4 14.9 16.1 17.7 18.6 17.3 13 15.5
Pb 7 10 5 13 9 8 8| 4.87 4.87 4.87 7 6.7
La 34 25.5 24.3 25.8 244 29.3 434 223 22.6 215 40.3 25.82
Ce 68.1 52.9 50.6 53.9 475 66.1 93.7| 474 49.1 45.6 87.4 54.2
Pr 8.32 6.7 6.37 6.93 5.82 8.66 12.3| 648 6.65 6.18| 11.95 7.06
Nd 32 26.1 24.9 274 221 344 47.4 26 26.5 24.6 47.7 27.7
Sm 5.81 5.03 4.97 5.28 431 6.01 8.33] 5.15 5.22 4.95 8.16 5.2
Eu 1.81 1.65 1.6 1.66 1.34 1.77 229 154 1.61 1.54 213 1.56
Gd 511 4.89 4.65 4.99 4 5.28 6.66| 4.59 4.84 455 6.37 4.6
Tb 0.71 0.72 0.69 0.72 0.61 0.7 0.81 0.7 0.72 0.72 0.77 0.65
Dy 3.49 3.73 3.65 3.83 3.22 3.27 3.54 3.6 3.67 3.52 3.06 3.21
Ho 0.64 0.72 0.71 0.74 0.62 0.59 0.62| 0.71 0.71 0.69 0.52 0.60
Er 1.74 2.02 1.95 1.99 1.78 1.55 1.59| 2.04 2.01 2.04 15 1.7
Tm 0.25 0.3 0.29 0.3 0.27 0.2 0.21) 0.26 0.28 0.27 0.17 0.24
Yb 1.39 1.74 1.59 1.69 1.52 1.26 1.17 1.67 1.68 1.71 1 1.37
Lu 0.22 0.26 0.25 0.25 0.24 0.18 0.16/ 0.26 0.28 0.27 0.15 0.21
LaN 103.0 77.3 73.6 78.2 73.9 88.8 1315 67.6 68.5 65.2| 122.1 87.26
SmN 28.6 24.8 245 26.0 21.2 29.6 410f 254 25.7 24.4 40.2 25.61
LaN/SmN 3.6 31 3.0 3.0 35 3.0 3.2 2.7 2.7 2.7 3.0 2,77
EuN 235 21.4 20.7 215 17.4 23 30 20 21 20 27.6 20.2
GdN 18.5 17.7 16.8 18.1 14.5 19.1 24.1 16.6 175 16.5 23 16.6
Eu/Eu* 1.02 1.02 1.02 0.99 0.99 0.96 095 097 0.98 0.99 0.91 0.98
Normative Mineral Percentages™
Q 0.00 0.00 0.00 0.00 0.63 0.00 0.00| 0.00 0.00 0.00 0.00
Or 7.68 8.27 5.67 7.45 8.87 7.68 12.41| 455 5.32 461 1011
Ab 28.77  25.39 27.10 25.39 31.31 3355 26.07| 3216  31.31  32.16| 27.59
An 2510 25.78 2474 2592 2535 15.85 13.37| 24.60 2466  24.57| 20.97
Ne 0.00 0.00 0.90 0.00 0.00 6.58 8.80| 0.00 0.00 0.00 0.00
Di 10.53 9.68 13.76  12.27 1591 19.20 17.79| 12.05 1197 12.23] 19.05
Hy 0.12 0.96 0.00 0.00 4.83 0.00 0.00| 1.32 3.18 2.13 0.00
Ol 11.85 13.64 14.03 13.99 0.00 5.81 6.96| 11.39 9.94  10.95 7.08
1 0.32 0.36 0.32 0.34 0.41 0.36 0.30| 0.30 0.30 0.28 0.27
Tn 3.02 321 0.00 1.45 2.42 0.00 0.00 2.88 2.90 2.83 0.13
Pf 0.00 0.00 2.18 1.22 0.00 2.23 2.80| 0.00 0.00 0.00 2.51
Ap 1.71 1.40 1.35 1.40 1.04 1.82 2.42 1.26 1.26 1.21 2.46

*Q=Quartz, Or=Orthoclase, Ab=Albite, An=Anorthite, Ne=Nepheline, Di=Diopside, Hy=Hyperstene, OI=Olivine, llI=Ilmenite, Tn=Titanite,
Pf=Perovskite, Ap=Apatite
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The Oligocene basaltic lavas of east and southeast of
Shahroud: Implication for back-arc basin setting of
Central Iran Oligo-Miocene basin
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Abstract

Some basaltic lava, with olivine basalt to basaltic composition, have been erupted
within the Oligocene gypsiferous red marls (Lower Red Formation), in east and
southeast of Shahroud. These rocks display microlitic porphyry, glomeroporphyry and
hyaloporphyry textures. Olivine, plagioclase and pyroxene (in olivine basalts) and
plagioclase and pyroxene (in basalts) are the main minerals. Enrichment in LREE and
LILE and depletion in HREE, with positive anomalies in Pb, Sr and Cs, and the absence
of negative anomalies in Eu and HFSE, indicate an alkaline nature and a sub-
lithospheric enriched mantle source for these rocks. The rocks studied plot in back-arc
basin realm in petrogenetic and tectonomagmatic diagrams and seem to be generated
from about 10% partial melting of an enriched garnet-lherzolitic mantle source. This
tectonic setting, implies an extensional proto-back-arc basin in Oligo-Miocene, behind
the Uroumiyeh-Dokhtar magmatic arc, in some parts of Central Iran, that had been
accompanied by the deposition of continental sediments (Lower Red Formation),
shallow sea deposits (Qom Formation) followed by continental sediments (Upper Red
Formation) and basic alkaline mantle magmatism.

Key words: Basalt, Magmatism, Back-arc basin, Oligocene-Miocene, Central Iran,
Shahroud
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