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A/CNK = [molar Al,04/(Ca0 + K,0 + Na,0)]; ANK = [molar Al,O4/(K,0 + Na,0)]. =(Soltani, 2000).
Type Granite Quartz monzonite/monzodiorite QLiﬁ:)trzite Microdiorite
Sample D10 R15936* D11 D-34 D8 R15933* Sp9
Sio2 71.6 77.8 67.82 60.71 67.02 55.35 54.74
TiO2 0.29 0.08 0.44 0.41 0.42 0.8 0.5
Al203 11.8 12.2 13.25 14.57 12.73 15.88 12.86
FeO 1.32 0.95 1.96 6.41 2.16 7.96 3.40
Fe203 2.64 191 3.91 7.12 431 11.37 6.81
MnO 0.11 0.02 0.24 0.13 0.19 0.17 0.25
MgO 1.02 0.48 1.65 3.77 1.54 4.86 4.98
CaO 4.61 1.02 3.26 6.95 5.2 6.3 11.13
Na20 35 6.08 4.43 2.99 3.67 4.6 2.81
K20 1.37 0.43 1.12 0.8 1.33 0.53 0.5
P205 0.06 0.01 0.09 0.09 0.1 0.15 0.07
AICNK 0.76 0.99 0.92 0.79 0.75 0.81 0.51
A/NK 1.64 1.16 1.56 2.52 1.70 1.95 249
Na20/K20 2.55 14.14 3.96 3.74 2.76 8.68 5.62
Type Granodiorite
Sample SS41 P17 D6 SS23 D12 D33 D37 SS4 SS8
Sio2 72.93 72.4 70.6 70.96 71.68 73.3 72.59 73.47 73.28
Tio2 0.24 0.29 0.32 0.32 0.32 0.24 0.24 0.28 0.26
Al203 13.7 12.3 119 14.12 11.84 13.2 13.03 13.33 13.86
FeO 2.22 1.38 151 2.87 1.52 2.09 2.69 24 217
Fe203 3.7 2.77 3.01 4.79 3.04 2.32 2.99 3.99 3.61
MnO 0.05 0.09 0.11 0.08 0.11 0.04 0.04 0.07 0.03
MgO 0.92 0.87 0.94 1.23 0.98 0.99 0.66 0.98 0.87
CaOo 3.3 4.16 4.83 4.02 4.89 3.01 2.85 2.85 2.62
Na20 3.74 3.38 451 3.93 3.86 3.73 3.87 4.01 5.03
K20 1.38 1.24 1.06 0.5 0.35 1.62 0.95 0.94 0.38
P205 0.05 0.06 0.06 0.07 0.07 0.05 0.06 0.04 0.06
A/CNK 1.00 0.85 0.69 0.99 0.76 0.99 1.04 1.04 1.03
A/NK 1.79 1.78 1:39 2.02 1.76 1.67 1.76 1.75 1.60
Na20/K20 2.71 2.73 4.25 7.86 11.03 2.30 4.07 4.27 13.24
R15936* R15933* SS41 SS23 SS4 SS8 P17 D8 D6 D12 D11 Sp9
Ba 169 105 241 135 295 75 207 200 160 113 208 74
Rb 141 5.9 23.7 4.8 15.8 3.6 22.3 233 141 2.2 15 4.2
Sr 45.6 184.2 128.1 155.9 133.3 243.2 132.8 138.7 142.3 164.7 161.5 200.3
Zr 125.3 48.4 50.8 55.9 62.8 57.9 355 42.7 50.5 43.6 50.5 20.7
Nb 7.1 1.6 1 11 13 1.7 1 1 1 11 13 0.6
Co 13 35.1 5.5 8.2 6 4.3 4.8 114 5 3.8 8.3 334
La 9.3 5.9 4.2 4 4.4 5.7 4.7 5.1 4 5 5.7 2.6
Ce 18.9 12.6 8.8 9 9.7 12.7 9.5 11.8 8 111 12.3 5
Pr 25 1.8 1.14 1.25 1.33 1.77 12 1.73 1.03 1.45 171 0.77
Nd 10 8 4.9 5.6 5.7 7.6 5.5 8.3 4.3 7.1 8.1 3.3
Sm 2.34 2.28 1.21 1.55 1.65 213 1.34 2.28 1.35 1.89 213 1.09
Eu 0.34 0.79 0.38 0.49 0.47 0.65 0.49 0.46 0.48 0.59 0.51 0.45
Gd 3.05 2.86 1.48 214 1.97 2.73 1.71 2.87 1.49 2.23 2.53 1.55
Th 0.63 0.54 0.29 0.42 0.4 0.53 0.32 0.6 0.28 0.41 0.5 0.29
Dy 4.29 3.38 1.92 2.79 2.61 3.48 1.94 371 1.87 2.64 2.81 1.86
Ho 1.02 0.72 0.45 0.62 0.6 0.77 0.51 0.9 0.43 0.65 0.7 0.44
Er 3.23 212 14 1.94 1.79 243 1.59 2.98 1.47 2.01 2.05 131
™ 0.58 0.34 0.23 0.32 0.31 0.39 0.23 0.44 0.23 0.31 0.31 0.2
Yb 4.16 2.06 1.6 2.17 211 2.57 1.61 3.17 1.6 211 2.32 147
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R15936* R15933* SS41 SS23 SS4 SS8 P17 D8 D6 D12 D11 Sp9
Y Jgaz dalol
Lu 0.69 0.33 0.26 0.36 0.34 0.41 0.25 0.5 0.28 0.34 0.36 0.21
Y 23.2 20 13 18.3 18.2 22.1 134 24.6 12.3 17.2 171 10.8
Cs 0.3 0.1 0.3 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1
Ta 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Hf 4.6 1.8 19 2 2 19 1.2 15 17 1.6 1.6 0.7
Pb 1.1 0.4 0.9 0.6 2.3 0.3 1 1.2 2
Th 11.3 1.2 11 1.1 1.3 1.2 0.9 0.9 0.3 0.4 0.9 2.6
U 1.6 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.9
Sc 6 31 8 13 9 11 18.9
\Y <8 361 54 73 48 28 121 42 44 44 35 132
Ga 14.6 16.9 115 125 12 125 11.3 12.9 10.1 10.6 14.7 12
Rb/Zr 0.1 0.1 0.5 0.1 0.3 0.1 0.6 0.5 0.3 0.1 0.3 0.2
Sr/Y 2.0 9.2 9.9 8.5 7.3 11.0 9.9 5.6 11.6 9.6 9.4 18.5
CelYb 45 6.1 5.5 41 4.6 49 5.9 37 5.0 5.3 5.3 34
(La/Yb)n 151 1.93 177 1.24 141 15 197 1.08 1.69 1.6 1.66 1.19
(Ce/YDb)n 1.18 1.58 1.42 1.07 1.19 1.28 1.53 0.96 1.29 1.36 1.37 0.88
(La/Sm)n 25 1.63 2.18 1.62 1.68 1.68 2.21 141 1.86 1.66 1.68 15
Eu/Eux 0.39 0.95 0.87 0.82 0.8 0.82 0.99 0.55 1.03 0.88 0.67 1.06
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L claJgiogams 4o (Peccerillo and Taylor, 1976) SiO; J—lis ;0 KoO 6l SLoo j0 o)y 8,5 slod g0 (B .1985)
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L ¢ (Jafarian and Jalali, 1998 «t al., 1976)

a3l (Soltani, 2000) S.sg g

‘B‘)fj-'—w-& 5 207Pb/235U k}_JLM )O ZOGPb/238U
oald i VIS 10 dges uSilae s Cpuats
009_7 O od_ni Cwd 4 G»l_..s u,aLw‘ » S 00
rpmsbon Vo VRV GIST a b VA) el 5
S ol UT ).i»l_..) od._,oi Sl A ).:QLM (B
BRI -1 SO %] I\ S FRVNEENTIY] JX SNk X1 9
4UJ|)JL..3 sl 00 L§)"'i,’.l—> (5>l_~c d_ml.’;

Laser-Ablation Multicollector oSws alwg 45 S 55 (P 5l Jole zlo ¥ Jgax

sample U (ppm) U/Th 206 Pb/207Pb +(%) 207 Pb/205Pb +(%) 206 Pb/208Pb +(%) (ﬁ/?:) +(Ma)
1 863.2 12 20.6 15 0.11 4.99 0.016 4.8 102.29 4.8
2 688.9 1.3 20.7 19 0.11 3.20 0.016 2.6 103.60 2.6
3 761.8 13 20.7 1.3 0.11 1.99 0.016 15 102.77 15
4 856.4 0.7 20.8 2.0 0.11 2.99 0.017 2.2 107.60 2.3
5 431.4 1.6 20.5 3.7 0.10 7.93 0.015 7.0 97.54 6.8
6 830.0 0.8 20.5 1.6 0.11 4.00 0.016 3.7 101.17 3.7
7 439.7 15 20.9 2.7 0.11 5.26 0.017 4.5 109.04 4.9
8 915.2 13 20.8 17 0.11 7.57 0.017 7.4 106.16 7.8
9 724.7 1.2 211 0.9 0.11 2.75 0.016 2.6 102.95 2.7
10 892.8 0.8 20.7 2.1 0.11 3.29 0.016 25 103.23 2.6
11 611.0 15 20.8 2.3 0.11 3.06 0.016 2.0 102.63 2.0
12 604.2 1.3 18.5 18.2 0.11 21.40 0.015 11.3 93.20 10.5
13 596.0 1.0 20.5 4.1 0.11 5.50 0.016 3.7 104.52 3.8
14 711.8 12 20.8 2.4 0.10 2.53 0.015 0.8 99.03 0.8
15 593.2 14 20.8 2.2 0.10 2.66 0.016 15 100.76 15
16 627.5 12 19.9 3.6 0.11 3.85 0.015 14 97.95 14
17 909.5 12 20.6 11 0.11 3.51 0.016 3.3 101.07 3.3
18 806.9 0.9 20.7 14 0.10 4.16 0.016 3.9 100.73 3.9
GALI-POINt eeror symbols ae 1o 0021 data-poirt eror ellpses are 63 3% cont
116 A
315 0.018
108
2 "D 0017
(I NN AR !
% ‘ a
@ [ |- 1 2 oo
100 | {
(T I
) ( Final Age 100.7 £ 2.1 Ma 0.013
a5 k ‘ Mean = 1007 £ 1.3 [1.3%) 95% conf
= Wid by data-pt errs only, 0 of 17 rej
\ MSWD = 1.7, probability = 0.033 oo
88 0.075 0.085 0.085 0.105 0.115 0125 0.135
207ph]215‘l
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Dating of age, genesis and tectonic setting of intrusive bodies
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Abstract

In this study, we investigate the geochemical evolution and the age of intrusive rocks
from central part of the magmatic arc of the northeastern Iran in the south of Sabzevar
(Khorasan Razavi province). The geochemical evidences point to magmatism related to
volcanic arc and subduction zone. The intrusive rocks vary in composition from granite
to diorite and gabbro. Based on mineralogy and the high values of magnetic
susceptibility [(>400) x 10™ SI], the'intrusive rocks are classified as magnetite-series of
oxidized I-type granitoid. Chemically, they are meta to per-aluminous, enriched in LILE
(K, Th and Rb) and depleted in HFSE (Nb, P and Ti) and belong to tholeiitic series.
Low (La/Yb)y, low Sr/Y ratios and the negative anomaly of Eu indicate a classic island
arc type magmatism. Trace elements behavior in acidic and intermediate intrusive rocks
show nearly flat pattern (La/Smpy, =0.97-2.57) and lie outside the garnet stability field.
Thus, the source rocks should not be eclogite or garnet amphibolite. The geochemical
signature of rare and trace elements suggests derivation from melting under relatively
low pressure condition (shallow depth). The results of U-Pb zircon dating of the studied
are 97-100 Ma (mid-Cretaceous time). The initial ¥ Sr/®®Sr ratios and the initial eNd are
0.7049 and +4.54, respectively.
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