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Sample No. RS1 RS 2 RS 3 RS 4 RS 5 RS 6 RS 7 RS 8 RS9 RS10 RS11

SiO2 4572 45.37 45.62 4558 4591 47.05  45.71 43.02  50.86 49.30 47.34
TiO2 0.88 0.85 0.86 0.91 1.15 1.12 0.86 1.11 0.77 0.86 1.82
Alz03 16.93 16.79 17.18 16.95 15.23 19.23 16.83 18.05 19.89 19.73 16.28
FeO 8.20 7.59 7.83 8.17 8.78 6.74 7.74 7.64 5.37 5.15 9.02
Fe20s 2.74 2.46 2.68 2.75 2.94 222 2.56 2.52 1.76 1.68 2.98
MnO 0.11 0.11 0.12 0.17 0.22 0.09 0.18 0.21 0.10 0.11 0.19
MgO 8.73 8.25 8.18 7.51 8.79 6.34 8.74 8.50 4.52 6.04 6.14
CaO 8.98 11.02 10.09 1027  6.28 8.99 9.02 11.00  8.01 8.22 7.78
Na20 3.39 3.07 3.02 3.21 3.10 2.63 1.67 0.99 3.15 2.17 3.44
K20 0.63 0.91 1.15 1.01 2.93 1.73 2.53 2.45 2.86 3.87 1.65
Cr20s 0.02 0.03 0.02 0.03 0.03 0.01 0.03 0.02 0.02 0.02 0.02
P20s 0.17 0.15 0.15 0.17 0.42 0.30 0.17 0.41 0.47 0.40 0.94
L.O.l 3.50 3.71 3.11 3.28 4.16 343 3.95 4.03 2.19 241 2.29
Ba 130 100 152 139 688 254 187 396 321 388 865
Co 59 39 47 50 54 32 54 41 17 26 26
Cs 0.39 0.30 0.29 0.60 0.89 0.49 0.79 2.17 0.49 1.00 0.19
Ga 15.79  8.88 11.72 13.94  12.81 16.55 16.88 16.78 13.73  20.98 13.57
Hf 0.99 0.99 0.98 1.99 1.97 1.95 0.99 1.97 2.94 3.00 3.88
Nb 3.95 1.97 2.93 3.98 11.82 4.87 3.97 5.92 8.82 12.99 23.26
Rb 7.01 11.05 17.77 2321 4246 3944  23.63 5844  40.10  66.03 6.49
Sn 1.97 0.95 0.95 0.95 0.95 0.95 0.95 1.97 0.95 2.00 0.95
Sr 619 522 597 656 1024 548 1211 706 836 835 891
Ta 0.45 0.45 0.45 0.45 0.59 0.45 0.45 0.45 0.69 0.60 1.26
Th 1.18 1.18 1.17 1.39 1.48 2.63 1.29 4.34 5.69 5.59 1.36
TI 15.79  20.71 22.46 13.94  9.36 2.63 1.99 0.99 6.18 4.20 1.16
U 0.37 0.46 0.63 0.50 0.64 0.86 0.51 1.04 1.63 1.40 0.57
\ 253 255 256 248 203 246 255 284 134 168 203
Zr 55.28  32.54 38.09  50.80 ° 98.52 80.82  56.60 91.81 97.06 159.8 145.35
Y 23.69 12.82 15.63 18.92  21.67 2240  22.84 26.65 17.65  28.97 25.19
Mo 5232 64.10 62.50  51.79 . 37.44 18.50 19.86 10.86  22.55  29.97 10.66
Cu 142.1 14398  90.82  98.61 102.46 110.0  249.26 192.5 106.8 122.8 62.98
Zn 59.23  20.71 29300 64.74  43.35 46.74  148.96 100.6 3235  98.90 46.51
Ni 56.27  64.10 49.80 55.78 110.34 15.58  48.66 36.53  21.57  39.96 47.48
La 2320  21.89 2227 22.01 38.52 3252 25.82 38.10  58.63 4835 59.69
Ce 15.79 15.78 16.60 . 19.92  47.29 34.08 18.87 4442  62.75  57.94 85.27
Pr 227 2.27 2.44 2.79 6.11 4.58 2.68 5.92 6.86 7.09 10.66
Nd 10.86 10.85 11.72 1295  25.62 19.47 11.92 25.67 2647 2797 43.60
Sm 2.67 2.96 2.83 3.19 4.63 4.19 3.18 5.63 5.00 5.39 7.95
Eu 0.99 0.95 0.98 1.10 1.77 1.56 0.94 1.78 1.86 1.90 2.52
Gd 3.16 3.06 3.13 3.29 5.12 4.48 3.28 5.63 5.20 5.59 7.56
Tb 0.49 0.48 0.53 0.55 0.71 0.69 0.54 0.84 0.72 0.70 1.07
Dy 2.76 2.76 2.83 2.99 3.55 3.60 2.98 4.54 3.73 4.00 5.23
Ho 0.59 0.54 0.59 0.66 0.73 0.70 0.62 0.87 0.76 0.76 0.97
Er 1.58 1.48 1.56 1.69 1.77 2.14 1.59 2.27 2.06 2.10 2.62
Tm 0.44 0.33 0.34 0.32 0.36 0.40 0.40 0.43 0.48 0.45 0.56
Yb 1.48 1.48 1.46 1.59 1.67 1.95 1.49 2.17 2.06 2.00 2.33
Lu 0.36 0.31 0.27 0.26 0.27 0.29 0.24 0.32 0.34 0.33 0.39
zZrlY 233 2.54 2.44 2.68 4.55 3.61 2.48 3.44 5.50 5.52 5.77
Nb/Y 0.17 0.15 0.19 0.21 0.55 0.22 0.17 0.22 0.50 0.45 0.92
Th/Yb 0.80 0.80 0.80 0.88 0.88 1.35 0.87 2.00 2.76 2.80 0.58
Ta/Yb 0.30 0.30 0.31 0.28 0.35 0.23 0.30 0.21 0.33 0.30 0.54
YbN 7.11 7.11 7.01 7.64 8.02 9.37 7.16 1043  9.90 9.61 11.20
La/Yb 15.67 14.80 15.20 13.81 23.00 16.70 17.33 17.55 2848 2420 25.67
CelYb 10.67 10.67 11.33 12.50  28.24 17.50 12.67 2045 3048  29.00 36.67
Dy/Yb 1.87 1.87 1.93 1.88 2.12 1.85 2.00 2.09 1.81 2.00 2.25
Na20+K20 4.17 4.13 4.30 4.36 6.30 4.52 4.37 3.59 6.15 6.19 5.22
Ti/1000 5.46 5.29 5.32 5.64 7.19 6.95 5.37 6.93 4.72 5.28 11.17
TilvV 21.60  20.74 20.77 2273 3544 28.26  21.04 2442 3521 31.44 55.04

FeO/MgO 0.94 0.89 0.96 1.09 1.00 1.07 0.88 0.90 1.18 0.85 1.47
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Samples No. 2GD3 G1D 2GA8 G3A 2GB3 G2B 2GE1
Sio, 46.40 46.60 46.80 47.70 47.30 48.07 48.50
TiO, 0.84 0.84 1.55 1.57 1.63 1.52 1.47
Al,O; 16.30 16.60 15.75 15.80 15.60 15.75 15.65
FeO 8.93 8.79 8.27 8.35 10.08 8.55 8.43
Fe,0s 1.72 1.52 243 2.55 1.97 2.50 2.97
MnO 0.18 0.18 0.35 0.31 0.21 0.23 0.23
MgO 8.36 7.37 5.71 5.65 5.44 5.69 5.41
CaO 8.96 10.95 6.68 5.81 7.53 6.39 5.26
Na,O 1.62 233 1.34 1.18 3.00 1.76 1.76
K;0 2.62 1.22 4.59 4.81 1.06 4.07 5.81
Cr,03 0.02 0.02 0.01 0.01 0.02 0.01 0.01
P20s 0.18 0.18 0.90 0.86 0.95 0.89 0.92
L.O.l 3.30 2.99 3.64 3.48 3.39 2.77 2.48
Total 99.40 100 98.50 98.30 98.30 99.10 98.8
Ba 160 123 723 528 449 887 817
Co 38 36 22 25 26 25 26
Cs 0.49 0.44 0.12 0.17 0.28 0.28 0.35
Ga 14.1 14.2 16.1 16.5 16.5 15.7 17.1
Hf 1.30 1.30 3.70 3.90 3.80 3.90 4.30
Nb 2.70 2.50 22.60 24.30 22.80 24.50 24.00
Rb 39.30 23.20 37.30 33.50 9.30 9.30 51.70
Sr 728 555 974 1085 701 1250 2100
Ta 0.20 0.20 1.10 1.20 1.20 1.20 1.20
Th 1.46 1.50 1.60 1.78 1.60 1.74 1.77
U 0.44 0.51 0.48 0.59 0.57 0.56 0.61
\% 253 259 182 173 189 166 171
W 0.85 0.85 0.88 0.88 0.88 0.88 1.00
Zr 44 44 165 176 166 179 193
Y 14.30 14.80 24.80 26.40 25.70 26.60 28.20
Mo 1.90 1.90 2.00 1.90 1.90 1.90 2.00
Cu 86 82 118 71 100 31 134
Zn 40 43 127 233 135 161 99

Ni 42 42 28 31 37 31 28
Ag 0.95 0.95 0.95 0.95 0.95 0.95 0.95
La 8.90 8.60 37.60 39.10 39.30 39.70 42.20
Ce 19.60 19.00 81.80 83.00 82.00 85.80 86.90
Pr 2.74 2.83 10.55 10.8 10.45 11.20 11.05
Nd 12.10 12.10 40.40 42.00 41.30 42.80 42.70
Sm 2.92 3.08 7.21 8.08 7.87 8.12 8.13
Eu 0.97 0.98 2.40 2.35 2.20 233 2.29
Gd 3.01 3.09 6.65 7.48 7.22 7.57 7.19
Tb 0.51 0.52 0.99 1.10 1.08 1.08 1.14
Dy 2.82 2.97 4.96 5.53 5.26 5.37 5.64
Ho 0.61 0.62 1.01 1.06 1.04 1.06 1.12
Er 1.75 1.75 2.85 3.08 3.03 3.14 3.26
Tm 0.23 0.26 0.38 0.43 0.42 0.41 0.46
Yb 1.49 1.52 2.39 2.63 2.51 2.57 29
Lu 0.23 0.24 0.40 0.42 0.38 0.42 0.45
zZrlY 3.08 2.97 6.65 6.67 6.46 6.73 6.84
Nb/Y 0.19 0.17 0.91 0.92 0.89 0.92 0.85
Th/Yb 0.98 0.99 0.67 0.68 0.64 0.68 0.61
Ta/Yb 0.13 0.13 0.46 0.46 0.48 0.47 0.41
YbN 7.16 7.30 11.49 12.64 12.06 12.35 13.94
La/Yb 5.97 5.66 15.73 14.87 15.66 15.45 14.55
CelYb 13.15 12.50 34.23 31.56 32.67 33.39 29.97
Dy/Yb 1.89 1.95 2.08 2.10 2.10 2.09 1.94
Na,0+K,0 4.24 3.55 5.93 5.99 4.06 5.83 7.57
Ti/1000 5.04 5.16 9.78 9.9 10.26 9.42 9.12
TilV 19.92 19.92 53.74 57.23 54.29 56.75 53.33

FeO/MgO 1.10 1.20 1.44 1.48 1.85 1.49 1.50
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PI® : Light grey conglomerate.
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----- et | M-PI: Alternation of light grey to red conglomerate, sandstone with clay and silt.
-
f z M . Alternation of cream to pink shale, gypsiferous marl with sandstone and
I o | M 3¢ conglomerate, partly with gypsum.
zl =z . M3,p, : Green to red sandstone, shale with intercalations of conglomerate.

010 : Gabbro- Diorite (dykes, sills, smal stocks).

g 0o1™¢€ : Alternation of light green to cream gypsum with marl, marl with scatterd
basic igneous intrusions

OlSa : Salt as domes and layers.
()1S : Red to green shale, marl and sandstone.
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Source properties and tectonic setting of the basic magmatism in the
Lower Red Formation, north of Garmsar (Semnan, Central Iran)

Habibollah Ghasemi * Reza Sarizan and Azizollah Taheri
Department of Petrology, School of Geosciences, Shahrood University of Technology, Shahrood, Iran

Abstract

In north and northwest of Garmsar in Semnan province, some basic igneous rocks with the
Oligocene age outcropped as dyke, sill and very small stocks-in the Lower Red Formation.
These rocks have basic composition and alkaline nature. They show various textures such as
porphyric, glomeroporphyric, ophitic, subophitic, intergranular and granular. Plagioclase and
clinopyroxene as the main minerals, olivine, opaque (magnetite, titanomagnetite), apatite and
phelogopite as the minor minerals and chlorite, prehnite, epidote, serpentine sericite and calcite
are the secondary minerals in these rocks. Primitive mantle and chondrite normalized diagrams
of these rocks show strong enrichments in light rare earth elements (LREEs) and relative
depletions in heavy rare earth elements (HREEs). Also, parallel trends of the samples in these
diagrams indicate a common <source. for these rocks and the role of the differentiation
crystallization in their genesis. Investigated rocks are plotted in back-arc basin setting field in
discrimination tectonic diagrams. Geochemical studies show magma forming of these rocks
have been formed from 11- 16% partial melting of an enriched modified garnet lherzolitic
mantle source in 90-100 km depths. This magma intruded via deep fractures and faults in the
incipient extensional back-arc basin resulted from northward subduction of Arabian plate
beneath the Central Iran in the Oligocene-Miocene time.
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