Petrology, 12" Year, No. 45, Spring 2021 Document Type: Research Article

Magma source and the evolution of Early Paleozoic (Silurian)
metavolcanic rocks of Maku area (northwest of Iran):
An evidence for Paleotethys drifting
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Abstract

A vast part of the Central Iranian and Alborz zones have affected by an extensional
tectonic regime in the lower Paleozoic, especially the Silurian period. Due to some clear
relation of lithological exposes, similar geochemical and mineralogical as well as the
ages, we have compared the early Paleozoic basaltic rocks in the two key areas
including Maku in the northwest and Soltan Maidan in the east of Iran. The
geochemical properties demonstrate the alkaline nature and intra-plate extensional
regime for these rocks. In the Maku area, despite the Soltan Maidan, magma
differentiation and crustal contamination had a main role to produce different types of
rocks from basalt to rhyolites. Whereas, in the Soltan Maidan, undifferentiated basaltic
rocks were floated in a large area probably it infer the fast rises of parent magma
comparing to that of the Maku area due to the violent detaching in continental
lithosphere led to sudden decompression on the rising mantle plumes, providing
conditions for extensive partial melting. This process more highlighted on the
Paleotethys drifting rate getting slower from the east to the west. This finding more be
useful to understand the Paleotethys evolution and also can explain the variety of
ophiolite types along the Paleotethys suture zone in the northern Iran
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B Early Paleozoic magmatic rocks
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PLO" polymictic conglomerate.

PALEOZOIC

44 48 44'E
739 3818'N

3 4 5Km

[@] G Q': Fan deposits " Mud flats  G*:Sand dunes
Q°:Plateau basalt mainly with ropy structure.
c PLd::Grey, thick bedded to poorly r

ded, poorly to ly sorted, poorly to moderately consolid,

OMé: White or cream, well-bedded to massive fossiliferous reefal limestone, marl, sandstone, sandylimestone
equi. of QOM Fm).

J :Red to grey, massive polymitic conglomerate (equi. of LOWER RED Fm)
Pr: Grey to dark grey medium bedded to i
limestone and dolomite, locally cherty (RUTEH Fm)

Pd: Red conglomerate, red ferroginous sandsstone, tuff and andesitic lava (DORUD Fm)

Cm: Dark grey to black . thick bedded to massive ridge forming fossiliferous limestone and black shale in lower
part (MOBARAK Fm).

Dj: Thin bedded sandstone, calcareous shale, medium bedded limestone, dark grey shale and pale grey to white
quartzarenite (JEIRUD Fm)

7?8 : Intermediate volcanic rocks including tuff,
metamorphosed.

dolomitic [i fusulined

ic breccia and

lava flows locally epidotized and

d" :Slate, phyllite and slightly metamorphosed volcanic rocks (LASHKARAK Fm)

Ch : Palegrey to cream, thin bedded to flaggy fossiliferous limestone with calc-schist structure

: Buff to brown medium to thick- bedded, partly cherty delomite (equi. of 1 member of MILA Fm).
Cq: White quartzarenite (top quartzite).

G :Red subarkosic partly quartzos sandstone and purple siltstone (ZAGUN- LALUN Fm)
Gy, : Grey to light cream crystalized and locally cherty dolomite (BARUT Fm)
G : Alternation of micaceous sandstone and crystalized dolomite (BARUT Fm)
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Sample No. B1 B2 B3 B4 B5 B6 B8 B9 B10 B11 B12 B13 B14
SiO, 46.22 49.12 52.12 47.68 46.32 44.57 45.59 45.69 50.97 51.41 44.32 44.28 48.65
TiO, 3.92 3.24 3.08 3.54 4.01 3.08 3.45 3.14 3.84 2.54 3.59 3.48 2.88
Al,04 13.24 14.28 15.02 13.49 13.15 13.63 15.94 13.93 13.43 16.76 15.78 13.93 16.22
Fe;0s) 14.08 13.12 12.68 14.28 13.54 12.84 14.47 1343 13.81 10.3 13.92 14.71 11.37
MnO 0.18 0.24 0.26 0.16 0.25 0.27 0.28 0.3 0.21 0.12 0.17 0.24 0.20
MgO 8.14 6.25 4.42 6.35 9.08 8.63 6.30 9.18 4.36 3.65 6.06 6.33 511
CaO 8.42 6.25 432 5.78 7.74 8.55 6.55 9.55 4.66 4.13 531 9.59 2.65
Na;O 3.12 3.62 4.08 3.12 3.08 3.03 3.34 247 4.52 4.29 3.30 244 7.24
K20 0.68 0.24 1.05 0.72 0.58 0.09 0.28 0.05 0.20 1.22 112 1.21 0.79
P20s 0.72 0.68 0.44 0.74 0.84 0.41 0.58 0.42 0.59 0.42 0.73 0.47 0.37
Ba 163.2 184.2 214.6 322.7 149.6 28.5 169.0 84.8 585.2 140.9 390.6 378.8 163.1
Rb 2.8 1.6 3.4 4.1 2.8 3.8 6.5 0.9 2.2 31.7 24.6 23.0 235
Sr 486.3 4232 223.1 198.6 388.2 551.4 1055 512 104.5 45.8 365.9 374.1 102.7
Zr 132.8 145.6 177.4 182.1 134.8 102 155 128 180 155 96 120 107
Nb 32.4 38.6 40.4 42.6 48.2 35.3 44.7 31.9 425 31.12 34.7 33.6 26

Ni 148.4 162.6 98.4 174.2 186.5 161.5 67 166.3 43 12.9 72.5 60.7 34.7
Co 35.6 454 62.7 71.2 69.6 46.6 445 49 334 24.9 343 40.9 34
Th 2.68 3.24 4.18 3.88 294 2.53 4.58 2.59 3.58 6.35 49 4.39 1.88
Cr 68.6 454 82.5 47.4 54.8 439 43 445 0 0 161 62 62
La 28.2 245 29.8 31.2 35.6 23.7 36 23.4 34.8 30.8 29.5 25.2 18.7
Ce 62.8 56.4 74.6 725 67.4 53.8 76.6 53.7 74.1 64.1 64.5 58.6 42.1
Pr 7.22 6.94 8.32 9.12 9.31 6.84 9.09 6.82 9.19 7.8 8.01 7.33 54
Nd 28.41 26.54 32.45 35.8 36.71 28.5 354 27.7 375 311 33.3 30.6 23.7
Sm 3.82 4.23 4.58 3.82 4.02 3.29 4.24 3.12 4.98 3.89 4.14 3.83 2.74
Eu 1.68 2.15 2.36 1.68 2.32 1.7 2.01 1.53 2.32 1.58 2.19 2.01 1.43
Gd 6.54 7.28 6.32 8.45 6.94 6.34 7.26 6.1 8.31 6.69 7.25 6.97 5.79
Tb 0.98 1.03 1.24 0.89 1.34 091 1.09 0.9 1.25 1 1.08 1.04 0.88
Dy 4.88 4.56 6.32 5.82 6.08 4.78 5.89 4.94 6.91 5.72 5.77 5.63 4.76
Ho 0.98 121 1.35 0.94 1.42 0.88 1.09 0.87 1.22 1.02 1.04 1.02 0.87
Er 2.86 3.25 3.62 2.45 2.98 2.39 291 2.36 3.25 2.85 2.93 2.67 2.30
Tm 0.15 0.18 0.09 0.12 0.14 0.06 0.15 0.07 0.19 0.14 0.13 0.12 0.07
Yb 12.56 1.82 2.31 2.08 1.94 157 211 1.53 221 2.02 1.95 1.83 1.55
Lu 0.28 0.25 0.32 0.36 0.31 0.26 0.34 0.26 0.36 0.33 0.33 0.29 0.25
Y 28.2 26.4 27.8 253 24.8 22.8 27.2 23.1 31 26.9 27.4 253 221
Cs 0.24 0.21 0.03 0.13 091 1.01 0.57 0.8
Ta 1.6 1.8 15 1.6 1.8 1.6 1.8 15 1.8 14 1.7 1.7 13
Hf 5.17 6.4 7.1 59 6.8 53 6.9 55 8.1 6.7 5.4 6.6 48
Ga 168.2 174.6 158.4 196.1 188.3 20.3 20.7 20.8 23.7 22.1 17.6 21.5 19
Sc 325 29.8 24.2 22.6 33.7 33.9 22.1 34.3 19.4 16.8 19.9 30.1 26.1
U 0.86 0.94 0.75 0.92 0.84 0.65 0.96 0.59 0.9 1.43 0.61 0.66 0.57
\Y 298 321 308 332 286 319 250 324 273 203 255 331 270

Pb 28.6 30.7 32.6 38.2 25.6 44 52 31 38 58 53 48 18
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Sample No. Al A2 A3 Ad A5 VI- 19 VI- 26 VI- 36
SiO, 69.54 72.38 74.36 70.58 71.98 76.12 73.26 66.92
TiO, 0.74 0.52 0.42 0.63 0.58 0.31 0.65 0.41
Al,O3 12.84 12.14 11.68 12.54 12.52 11.96 12.29 16.23
Fe,Osm) 4.02 3.46 3.02 3.74 3.58 3.32 3.91 3.11
MnO 0.08 0.05 0.02 0.07 0.04 0.02 0.02 0.02
MgO 0.62 0.41 0.35 0.36 0.33 0.22 1.03 0.22
CaO 1.32 0.84 0.63 0.92 0.76 0.05 0.74 1.03
Na,O 4.83 3.38 3.54 4.16 3.58 2.1 4.8 4.78
K0 4.86 3.37 3.77 3.36 3.45 5.88 1.10 3.40
P,0s 0.33 0.04 0.03 0.06 0.04 0.02 0.14 0.03
Ba 44.6 52.7 61.2 42.7 45.7 130.6 27
Rb 98.2 102.4 116.7 145.2 106.5 177.8 40.6 93.2
Sr 14.8 9.6 12.3 45.2 33.6 15.7 147.9 0
zZr 682.6 725.2 775.4 698.3 456.2 629 129 742
Nb 168.2 144.6 176.7 186.4 154.8 171.4 49.9 165.5
Ni 3.6 4.2 53 3.1 6.2 3.7 131 2.2
Co 1.6 0.8 11 0.9 13 0.8 6.4 1.9
Th 28.42 31.54 19.68 22.64 33.14 26.07 13.79 34.93
Cr 11 0.8 3.2 51 14 0 1.43 0
La 1235 98.4 135.6 188.4 154.2 81.5 49.3 234
Ce 228.4 332.6 386.5 206.4 289.5 182.2 104.6 472.6
Pr 20.32 18.12 28.42 37.25 19.82 19.17 12.74 48.95
Nd 74.32 68.94 62.88 112.6 98.21 65 52.9 167
Sm 13.01 12.98 14.54 16.12 12.08 12.69 11.57 17.95
Eu 0.54 0.68 1.23 0.76 0.94 0.42 1.33 0.39
Gd 14.28 12.66 12.14 18.35 20.14 12.22 12.22 23.23
Tb 2.31 3.04 2.89 2.56 3.08 2.03 1.99 331
Dy 11.88 12.24 15.77 16.02 17.18 12.27 12.6 17.66
Ho 2.32 2.48 3.08 3.12 2.74 2.54 2.35 3.36
Er 6.92 7.24 8.36 9.15 6.88 7.99 6.59 9.78
Tm 0.92 1.06 112 0.98 1.22 1.18 0.93 1.04
Yb 6.02 5.98 7.14 7.26 6.48 7.96 5.39 8.2
Lu 112 0.98 0.86 1.18 1.03 1.19 0.8 1.25
Y 62.4 70.8 82.3 69.8 724 67.7 60.5 87.1
Cs 177 1.43 1.15
Ta 4.6 6.2 4.8 52 6.3 6 2.2 51
Hf 18.2 22.7 19.8 25.4 18.6 17.4 8.4 29.7
Ga 324 33.6 29.7 35.6 34.7 29.7 20.5 38.4
Sc 6.3 5.4 5.2 4.8 7.3 5.9 5.8 14.6
U 0.88 6.12 4.62 3.98 5.34 6.11 3.56 44
\Y 11 8 14 28 24 0 43 0
pb 98.6 122.4 62.8 72.6 145.2 165 89 124
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