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Sample No. KH-44  KH16  KH25  KH37  KH17  KH40  KH21  KH22 KH-1 KH-2

_ 58°36'13" 58°3551" 58°3650" 58°3637" 58°3553" 56°3621" 56°3556" 58°3555" 58°3537" 58°3538"
Location 36°24'32"  36°24'24"  36°2421"  36°24'22"  36°2426"  36°24'31"  36°24'28"  36°24'31"  36°24'20"  36°24'21"
Si0, 6555 64.64 66.07 66.27 6451 64.95 64.43 66.06 69.03 68.21
Tio, 0.32 0.35 031 0.29 0.28 031 0.30 0.30 0.34 0.30
ALO; 14.84 14.76 15.77 15.82 14.76 15.27 14.15 1472 15.45 15.40
FeOt 391 3.18 271 336 371 3.76 371 3.02 2.40 3.15
MnO 0.08 0.05 0.04 0.07 0.07 0.04 0.06 0.05 0.03 0.05
MgO 354 3.40 2.18 175 2.14 3.28 3.96 1.08 0.67 0.88
Ca0 45 4.68 432 471 5.00 4.02 455 5.34 474 434
Na,0 3.16 451 5.28 3.65 465 3.84 2.70 5.79 486 5.4
K,0 158 08 117 1.32 1.92 0.94 1.99 115 1.29 1.45
P,0s 0.13 0.14 0.04 0.12 0.08 0.13 0.12 0.04 0.05 0.05
LOL.I. 223 3.29 1.94 254 2.76 332 391 232 0.99 0.79
sum 99.84 99.8 99.83 99.9 99.88 99.86 99.88 99.87 99.85 99.86
Ba 244 166 202 178 197 171 237 176 193 229
Co 9 7 5 6 9 8 9 8 3 4
Cs 0.7 03 12 36 0.9 11 0.6 12 14 22
Ga 14 14 13 14 12 13 13 13 13 12
Hf 22 2 21 1.9 19 23 2 21 1.9 23
Nb 46 43 35 34 3 38 35 28 3 31
Rb 28 12 22 37 34 22 M 21 31 a
sr 346 424 381 372 438 315 361 405 469 499
Ta 0.4 03 0.3 0.2 0.2 0.3 0.2 0.2 0.3 0.2
Th 26 23 1.9 22 2 27 24 18 1.9 22
zr 85 83 79 76 82 88 78 86 84 92
Y 9 7 6 7 7 7 9 9 5 8
La 102 9 58 8.6 8.3 9.9 115 5.8 6.8 6.6
Ce 185 16.5 11 158 13.7 183 19.7 108 131 11.7
Pr 201 177 1.37 168 161 1.98 2.09 1.25 152 151
Nd 73 7 5.8 6.4 6.4 74 77 58 6.2 6.9
sm 151 141 1.28 133 1.36 1.56 142 1.30 131 166
Eu 0.42 0.48 0.41 0.46 0.43 0.43 0.49 0.4 0.41 0.47
Gd 143 131 1.20 137 1.29 1.34 145 151 119 157
Tb 0.25 0.21 0.21 0.22 0.20 0.22 0.23 0.27 0.19 0.25
Dy 1.46 119 118 112 116 122 1.34 1.66 112 1.40
Ho 0.29 0.24 0.24 0.26 0.23 0.27 0.29 0.34 0.21 0.26
Er 0.82 0.74 0.63 0.75 0.74 0.75 0.91 113 0.63 0.85
Tm 0.13 0.11 0.11 0.12 0.10 0.12 0.12 0.17 0.08 0.12
Yb 0.91 0.81 0.68 0.70 0.83 0.73 0.99 116 0.62 0.97
Lu 0.14 0.12 0.13 0.13 0.12 0.13 0.17 0.17 0.10 0.14
K,0/Na,0 05 0.18 0.22 0.36 0.41 0.24 0.74 0.20 0.27 0.28
SrY 38.48 60.54 61.45 53.84 63.43 4315 40.60 43.10 93.72 64.81
AINK 22 18 16 218 15 21 22 14 17 15
AICNK 0.97 0.85 0.9 0.98 08 1.05 0.95 0.73 0.88 0.87
MALI* 0.24 0.63 213 0.26 157 0.76 0.14 16 141 235
(LalYb)y 7.56 7.49 5.75 8.28 6.74 9.14 7.83 337 7.39 459
(Ce/Yb)y 5.26 5.27 418 5.84 4.27 6.48 5.15 241 5.47 312
Eu/Eu* 0.87 1.08 1.01 1.04 0.99 0.91 1.04 0.87 1 0.89

*MALI= Modified Alkali Lime Index (Na,0+K,0-CaO)
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Sample No. KH-80 D1 D2 V5 KH-79 KH-77 KH-73 KH-84 KH-91 V4

58°37'22" 58°36'18" 58°35'56" 58°37'34" 58°37'24" 58°37'20" 58°37'12" 58°37'14" 58°37'31" 58°36'35"

Location  seori17v  36°2602" 36°2607" 36°2512" 36°24'18"  36°2423" 36°24723" 36°24'15"  36°24'13"  36°25'57"
Si0, 69.91 6593 6592 66.81 68.30 65.01 6457 68.68 69.62 66.54
TiO, 0.42 0.58 0.57 0.56 0.35 0.51 0.63 0.39 0.34 0.56
ALO; 13.78 14.24 14.30 14.17 14.98 14.12 13.94 13.88 13.75 14,53
FeOt 3.48 483 482 472 3.05 423 463 328 3.00 4.74
MnO 0.04 0.05 0.04 0.04 0.04 0.06 0.04 0.08 0.04 0.03
MgO 0.98 0.97 1.10 1.03 1.24 2.16 227 170 114 111
Ca0 350 5.83 5.13 4.96 3.23 4.16 5.13 2.96 351 498
Na,O 3.39 3.36 3.47 3.47 3.90 3.5 322 3.24 3.48 343
K;0 174 167 1.64 1.60 176 172 170 201 177 162
P,0s 0.19 0.18 0.23 0.21 0.16 0.24 0.27 0.16 0.18 0.20
Lol 243 2.19 263 228 282 3.47 343 3.46 3.01 2.09
sum 99.86 99.83 99.85 99.85 99.83 99.83 99.83 99.84 99.84 99.83
Ba 203 286 296 278 301 302 314 321 301 287
Co 4 11 8 7 3 6 9 5 3 7
Cs 0.6 03 0.6 0.7 05 0.4 05 05 05 05
Ga 15 14 14 15 14 13 15 14 14 14
Hf 3 3.1 3.1 32 31 33 29 3 3 3.1
Nb 124 8.6 9.1 8.8 13 122 13 126 12.7 9
Rb 33 28 31 31 31 30 30 32 33 32
sr 509 487 522 504 480 511 579 483 485 527
Ta 1 0.7 05 0.6 0.9 0.9 0.9 1 1 0.6
Th 55 3.9 42 4 53 5 48 5.6 5.3 3.8
zr 136 131 139 136 133 135 141 134 132 140
Y 11 12 12 12 10 11 13 9 8 13
La 224 19 206 19.7 226 221 28 2.7 217 202
Ce 371 338 357 336 38.1 375 39.6 389 363 33
Pr 4.07 357 381 3.8 3.79 3.96 433 393 3.8 372
Nd 15.2 128 14.2 146 131 136 16.6 133 13.4 136
sm 243 258 267 271 2.05 247 285 2.15 2.14 253
Eu 0.73 0.79 0.82 0.77 0.63 0.79 0.92 0.73 0.7 0.77
Gd 211 2.48 2.44 2.40 181 2.25 251 1.85 1.83 255
Tb 03 0.37 0.38 0.37 0.25 0.33 0.36 0.29 0.26 0.37
Dy 174 228 2.25 213 1.48 1.99 224 1.66 15 22
Ho 0.35 0.38 0.46 0.44 0.29 0.38 0.47 0.32 0.32 0.42
Er 114 119 113 1.26 0.92 116 1.39 1.01 1.04 1.28
™ 0.16 0.2 0.19 0.18 0.16 0.18 0.19 0.15 0.14 0.19
Yb 117 123 1.25 123 1.08 1.20 138 113 1.05 1.30
Lu 0.18 0.19 0.19 0.19 0.19 0.19 0.21 0.16 0.16 0.19
K;0/Na,0 0.51 0.50 0.47 0.46 0.45 0.53 0.53 0.62 0.51 0.47
srY 4851 406 43.47 4379 48.46 4523 4318 5421 59.16 4219
AINK 17 19 18 1.9 17 1.9 2 18 18 2
A/CNK 1 08 0.83 0.85 1.06 0.97 0.83 1.08 0.98 0.89
MAL I* 163 08 -0.02 0.11 243 0.81 021 2.29 174 0.07
(LalYb)y 1291 1041 1111 108 14.11 12.42 11.14 13.54 13.93 10.48
(CelYb)y 8.20 7.11 7.39 7.07 9.13 8.08 7.42 8.9 8.94 6.57
Eu/Eu* 0.99 0.95 0.98 0.92 1 102 1.05 112 1.08 0.93

*MALI= Modified Alkali Lime Index (Na,0+K,0-CaO)
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Castillo, 2006; Martin et al., 2005; Rollinson and Tarney, 2005; Martin, 1999; Defant and Drummond, 1990 Castillo, ) —Sls]

.(2012; Moyen, 2009
1S 9>y (Sile GO0 ody (il Leaslol (aSile
67.22% 65.97% Si0,>56%
14.17% 15.1% AlL,03>15%
1.37% 2.28% MgO < 3%
3.42% 4.37% 3.5% <Na,0 <7.5%
0.51 0.34 K,0/Na,0~0.42
480 315 Sr > 400 ppm
Low HREE Low HREE Low HREE
Mostly positive anomaly of Eu Mostly positive anomaly of Eu Positive anomaly of Eu
(La/Yb)y>10.41 (La/Yb)n>3.37 (La/Yb)y>10
Yb <1.38 ppm Yb<1.16 ppm Yb < 1.8 ppm
Y <12.5 ppm Y <9.4 ppm Y <18 ppm
- - (¥'sr/*sr)i < 0.7045
slaledlo L (ol ! (B b ]lem) 0398 0 Jlod laniasT anly 5 (s39i sloosgs (olowdisi) sloeS iy (uSle dulia -F Jgu
(Martin et al., 2005) _pdewnS 9 s pp (SSTo]
ld 4>y (Silao GO0k gLredy (il s SBCaSToT (ilio s 3y SBES1OT (uKilo
67.22% 65.97% Si0, < 60% Si0; > 60%
MgO =0.97-2.27% MgO = 0.67-3.96% MgO = 4-9% MgO = 0.5-4%
CaO + Na,0 < 9.19% CaO + Na,0 < 11.13% CaO + Na,0 > 10% CaO + Na,0 < 11%
Sr <579 ppm Sr <499 ppm Sr>1000 ppm Sr <1100 ppm
TiO, < 0.34% TiO, < 0.28% TiO, > 3% TiO, < 0.9%
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Petrology, geochemistry, and tectonic setting
of Tertiary volcanic and intrusive rocks in the north
of Shahr-e-Firouzeh (northeast of Iran)

Azadeh Malekzadeh Shafaroudi *, Mohammad Hassan Karimpour and Arezoo Zarei
Research Center for Ore Deposit of Eastern Iran, Ferdowsi University of Mashhad, Mashhad, Iran

Abstract

The study area is located in 15 km of the north of Shahr-e-Firouzeh in Khorasan Razavi
province. The area is situated in the southeast of Quchan-Sabzevar arc magmatic. Lithology of
the district includes dacitic lavas, which are intruded by Oligocene porphyritic hornblende
granodioritic stock and granodioritic dike as subvolcanic and plutonic rocks. Igneous rocks were
overlapped by younger sedimentary rocks. The texture of dacitic unit is porphyric to
glomeroporphic with flow groundmass. Quartz, plagioclase, K-feldspar, and hornblende are the
main minerals. The texture of hornblende granodiorite porphyry is porphyric to glomeroporphic
and plagioclase, K-feldspar, hornblende, and quartz are the common minerals, whereas
granodiorite unit is granular and hornblende is not present. Based on geochemical studies, the
acidic volcanic and intrusive rocks show metaluminous and medium-K nature. These rocks
belong to the I-type granitoid. Enrichment of LREE versus HREE and enrichment of LILE and
depletion in HFSE indicate magma formed in subduction zone. The melt originated from partial
melting of amphibolite with 10 to 25% garnet. Based on the average amount of major oxides,
enrichment of LREE, mostly positive Eu anomaly, high Sr (up to 499 ppm), and low Y (<13
ppm) and Yb (<1.4 ppm) contents, the magma show silica-rich adakitic nature. The intrusive
and volcanic rocks of the northern Shahr-e-Firouzeh were generated by partial melting of
Sabzevar Neotethyan young and hot subducted oceanic crust and mantle wedge in the
continental margin of the Turan plate.

Key words: Geochemistry, I-type granitoid, Shahr-e-Firouzeh, Quchan-Sabzevar magmatic arc,
Iran
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