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Wgad 0 Lo ESA10 ESA1l ESA218 ESA220 ESA222 ESA230 ESA231 ESA232 ESA233 ESA234
3 N342701. N342633. N342740.0 N3427386 N342840.5 N342937.0 N342821.1 N3428204 N3428115 N3428338
Jeb E603924. E603818. E6042223 E604219.7 E604223.1 E6039123 E603839.0 E603841.0 E603832.2 EG03834.3

S g9 1 2 2 2 2 2 1 1 1 2
SiO, 69.93 68.23 67.24 66.95 67.46 68.72 67.45 69.60 70.11 67.27
TiO, 0.33 0.41 0.37 0.40 0.35 0.35 0.35 0.27 0.40 0.37
Al,O; 13.33 13.31 14.20 12.95 12.98 14.31 13.93 13.13 12.69 13.51
FeO, 4.09 4.58 4.24 5.07 5.05 3.94 2.01 2.12 4.08 5.37
MnO 0.03 0.04 0.04 0.03 0.03 0.03 n.d 0.01 0.03 0.04
MgO 0.41 1.57 1.52 2.67 2.49 1.48 1.57 1.66 151 1.48
CaO 1.73 1.84 2.72 2.89 2.67 1.53 2.68 1.94 1.10 1.72
Na,O 3.46 3.36 3.22 3.15 2.89 3.11 3.16 3.58 3.19 3.22
K,0 4.47 4.42 4.66 4.65 4.68 4.95 6.98 5.67 4.90 4.91
P05 0.09 0.13 0.10 0.11 0.08 0.08 0.13 0.08 0.10 0.1

Ba 601 733 674 639 588 575 1553 942 609 776
Co 3 5 4 5 3 3 0.7 0.9 4 4
Cs 5 4 5 4 4 6 1 1 8 4
Ga 22 22 22 22 22 23 21 21 20 22
Hf 7 9 8 7 11 7 7 5 8 9
Nb 26 25 26 25 24 25 24 22 29 22
Rb 210 179 212 200 197 220 172 140 238 216
Sr 185 231 187 206 165 143 291 187 120 202
Ta 2 2 3 2 2 2 2 2 3 2
Th 29 32 54 33 36 35 34 43 44 33
Zr 263 319 293 262 394 259 272 195 316 320
Y 40 38 41 43 43 41 33 22 41 35
La 60.4 779 90.4 105.8 106.3 911 48.4 37.7 82.5 85.1
Ce 112.7 146.2 167.9 202 197.9 171.3 113.6 83.4 154 168.3
Pr 11.39 14.65 16.74 19.79 20.22 17.01 13.09 9.34 15.93 17.20
Nd 39.6 51.9 58.3 65.5 68.1 58.6 48.8 32.6 52.9 59.6
Sm 7.84 8.79 9.93 10.49 11.11 9.56 8.07 5.12 9.45 10.06
Eu 1.01 1.08 1.05 1.07 0.97 0.85 0.99 0.48 0.73 1.26
Gd 7.40 8.21 8.23 7.57 8.99 7.87 6.57 4.35 8.21 7.72
Th 111 1.14 121 1.23 1.38 1.16 0.89 0.59 1.27 1.19
Dy 6.81 6.92 7.47 6.94 7.67 6.39 4.72 3.60 6.83 6.89
Ho 1.49 1.34 1.47 1.32 1.45 1.38 1.09 0.71 1.47 1.39
Er 4.35 411 4.78 4.06 4.58 4.15 3.05 241 4.59 3.65
Tm 0.57 0.55 0.72 0.54 0.58 0.58 0.42 0.32 0.65 0.56
Yb 3.99 4.08 4.03 4.39 4.32 4.86 3.36 2.35 5.00 3.54
Lu 0.60 0.57 0.65 0.60 0.60 0.49 0.43 0.37 0.66 0.56
K20/Na,0 1.29 1.32 1.45 1.48 1.62 1.59 2.21 1.58 1.54 1.52
(La/Yb)N 10.21 12.87 15.12 16.25 16.59 12.64 9.71 10.82 11.12 16.21

Eu/Eu* 0.41 0.39 0.36 0.37 0.30 0.30 0.42 0.31 0.25 0.44
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(b ofled ESA235 ESA236 ESG3 ESG10 ESG22 ESG27 ESG30 ESG32 ESG35 ESG39
s N3428153 N342838.8 N3426026 N3426052 N342658.1 N342701.7 N342600.8 N342656.3 N342657.7 N34 26584
Jsb E6038353 E603819.1 E603757.1 E6037558 E603709.6 E603757.2 E603857.3 E603858.1 E603900.7 E603901.1

Sl ggs 1 2 2 2 2 2 2 1 1 1
Sio, 65.59 69.32 68.21 69.24 66.92 68.52 70.22 66.59 69.52 68.30
TiO, 0.36 0.43 0.40 0.35 0.41 0.4 0.37 0.42 0.31 0.39

Al,0O4 14.32 13.30 13.42 13.70 14.55 13.93 13.51 14.28 13.72 14.55
FeOy 5.20 431 4.35 2.69 1.94 4.45 3.17 5.18 3.99 4.24
MnO 0.03 0.02 0.02 n.d 0.01 0.04 0.04 0.04 0.03 0.04
MgO 1.47 1.60 1.63 1.54 1.53 1.53 1.45 1.57 1.41 1.52
CaO 3.49 1.54 1.94 2.67 3.56 1.39 171 281 1.28 1.69
Na,O 3.05 2.82 3.35 3.04 3.82 2.97 3.38 2.74 3.07 3.06
K,0 5.55 4.83 4.59 4.93 4.93 5.01 4.42 4.58 4.92 461
P,0s 0.09 0.11 0.12 0.12 0.14 0.11 0.10 0.12 0.08 0.11

Ba 979 749 819 933 940 652 601 590 603 594
Co 4 5 5 1 1 4 4 5 4 4
Cs 4 4 3 1 1 6 5 5 4 4
Ga 23 20 21 20 20 21 19 19 20 20
Hf 10 9 8 8 7 8 8 7 8 9
Nb 22 23 25 25 25 25 25 23 24 22
Rb 276 205 186 161 128 218 191 192 205 186
Sr 193 206 295 282 302 183 197 194 172 182
Ta 2 2 2 2 2 2 2 2 2 2
Th 33 33 42 40 36 37 40 35 34 50
Zr 366 290 315 286 267 331 291 284 267 308
Y 35 35 43 41 32 40 38 40 39 39
La 96.7 103.2 97.8 90 452 95.9 93.7 101.9 75.3 88.4
Ce 182.5 192.3 186.3 167.2 112.8 177.8 173.6 193.2 143 166.3
Pr 18.05 18.94 18.96 16.86 13.03 17.90 17.75 19.37 14.35 16.71
Nd 62.7 64.2 62.1 58.2 45 61.3 58.6 63.9 48.3 57.7
Sm 10 9.89 10.46 9.02 8.15 10.05 10.04 10.37 8.70 9.37
Eu 1.33 1.01 1.15 1.17 121 1.05 1.04 1.12 0.99 1.03
Gd 7.97 7.53 8.28 7.67 6.33 7.76 7.58 8.47 7.15 7.89
Th 111 111 1.28 1.23 0.98 1.18 1.17 1.28 1.15 1.15
Dy 6.35 6.23 6.99 7.21 5.93 7.01 6.36 7.66 7 6.74
Ho 1.31 1.42 1.60 1.44 1.13 131 1.36 1.62 1.28 1.35
Er 3.69 3.79 4.32 3.92 3.29 4.24 4.04 4.48 4.19 4.17
™ 0.57 0.57 0.69 0.61 0.52 0.63 0.57 0.68 0.63 0.60
Yb 3.57 3.76 4.35 4.00 3.38 3.99 4.38 4.72 3.87 4.14
Lu 0.56 0.56 0.67 0.62 0.52 0.62 0.60 0.66 0.64 0.65

Ratios

K,0/Na,O 1.82 171 1.37 1.62 1.29 1.69 131 1.67 1.6 1.51

(La/Yb)N 18.26 18.5 15.16 15.17 9.02 16.20 14.42 14.56 13.12 14.4
Eu/Eu* 0.46 0.36 0.38 0.43 0.52 0.36 0.36 0.37 0.38 0.37
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A/CNK
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{(Maniar and Piccoli, 1989) A/NK-A/CNK

B Kzo )‘05_.0.3 g 03 r Lsés_m LS‘LQOO}S &_AAAEBA -0 ng.w
{(Peccerillo and Taylor, 1976) SiO, Llie

Sl GS 03B STl (B, b s glac il S
(Cpmizmad (F JSb) dmo o lis gg A Sl
95 sasgidl S e A gy laasgil S
SAYL Jloie S go ws—inaglly slac il 5 41
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(Eby, 1990 ‘Whalen et al., 1987
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fo (V S %) 10000*Ga/Al
Oy Jdoa o K 50— sl il T
Le>100ppm Nb>20ppm Zr>200ppm
sloac il 3 soga=e ;o Ga>20ppm 4 Y>30ppm

9 < | S

[A Hbl-Bio monzogranite B Hbl-Bio syenogranite

Na,0+K,O (wt. %)

T T
45 50 55 60 65 70 75 80
SiO, (wt. %)
)|.>9_.<y..§ B 03— — )y ‘505_9; LgL{baéﬁ_ﬁ' Cund "940 -y Ls.w
(Middlemost et al., 1994) s ,la%L

LA Hbl-Bio monzogranite M Hbl-Bio syenogranite I

Shoshonite Series a

High-K calc-alkaline
Series

K,O (wt. %)
:

Medium-K
C’45 SIO 5IS éo ('55 7I0 7l5
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YA s posin oo iy Jlo sy ¥
O Haxe G5 3 ESA-1L g ESA-10 il S iged 99 (oriow iy Julow gulis =Y Jgo
SampleNo.  U(ppm)  206Pb/204Pb  U/Th  206Pb*/207Pb*  +(%)  207Pb*/235U*  +(%)  206Pb*/238U  +(%) AgEe(S,\tAa) +(Ma)

ESA10

ESA10-3-1 773 3181 1.7 12.9698 43.2 0.0639 44.2 0.0060 9.3 38.6 3.6
ESA10-11 575 8657 2.6 21.2765 11 0.0396 2.4 0.0061 2.2 39.2 0.9
ESA10-2 1065 102170 1.8 20.5733 1.2 0.0411 2.2 0.0061 1.8 39.4 0.7
ESA10-18 1 149 2009 1.3 22.6004 3.0 0.0376 4.8 0.0062 3.7 39.6 15
ESA10-13 736 46901 24 20.9259 0.8 0.0411 1.8 0.0062 1.6 40.0 0.6
ESA10-18 215 5040 1.2 21.6099 2.2 0.0398 2.9 0.0062 1.9 40.0 0.8
ESA10-16_1 285 4250 1.2 21.7376 2.0 0.0396 3.0 0.0062 2.2 40.1 0.9
ESA10-16_2 225 5140 1.1 21.4653 15 0.0402 2.8 0.0063 24 40.2 1.0
ESA10-4_1 781 7319 0.9 20.4583 5.1 0.0423 5.3 0.0063 1.4 40.4 0.6
ESA10-3 721 31087 2.2 21.2749 1.2 0.0409 2.0 0.0063 15 40.6 0.6
ESA10-4 441 18793 13 20.8944 1.6 0.0417 2.3 0.0063 1.6 40.6 0.7
ESA10-7_1 735 30451 2.2 21.0300 12 0.0414 2.3 0.0063 2.0 40.6 0.8
ESA10-10 595 27982 1.2 20.9320 0.9 0.0417 2.7 0.0063 2.6 40.7 1.0
ESA10-16 285 6938 11 21.6706 1.6 0.0405 2.2 0.0064 15 40.9 0.6
ESA10-8 810 23455 1.9 21.0366 0.9 0.0419 2.0 0.0064 1.8 411 0.7
ESA10-14 587 10248 2.2 20.8787 24 0.0425 3.0 0.0064 1.7 41.4 0.7
ESA10-9 824 16828 2.1 21.2113 14 0.0420 2.6 0.0065 21 41.6 0.9
ESA10-12 3292 188540 1.5 21.0364 0.7 0.0424 2.6 0.0065 2.5 41.6 1.0
ESA10-18_2 69 2390 15 21.8882 49 0.0409 5.5 0.0065 2.4 41.7 1.0
ESA10-5 507 13089 1.8 21.0918 11 0.0427 2.0 0.0065 1.7 42.0 0.7
ESA10-1 669 13652 1.8 21.4038 1.0 0.0427 11 0.0066 0.6 42.6 0.3
ESA10-7 303 15795 1.7 20.7497 1.6 0.0443 2.0 0.0067 11 42.8 0.5
ESA1l

ESA11-12 486 6513 1.0 21.4875 1.2 0.0390 2.2 0.0061 1.8 39.0 0.7
ESA11-10 497 7704 1.8 21.3655 15 0.0408 3.2 0.0063 2.8 40.7 1.1
ESA11-7 817 9105 14 14.7007 28.8 0.0595 29.0 0.0063 3.4 40.8 14
ESA11-9 641 13682 1.9 20.9183 1.2 0.0420 14 0.0064 0.8 40.9 0.3
ESA11-8 692 24364 1.0 20.7380 13 0.0427 2.5 0.0064 2.1 41.3 0.9
ESA11-3 646 61020 2.4 20.8115 0.8 0.0425 1.8 0.0064 1.6 41.3 0.7
ESA11-10_1 599 8207 1.4 18.4117 3.9 0.0488 4.7 0.0065 2.6 41.9 11
ESA1l1-1 842 25002 1.7 20.7831 1.9 0.0440 35 0.0066 2.9 42.6 1.2
ESA11-4 791 42823 21 20.6014 1.3 0.0461 2.2 0.0069 1.8 44.3 0.8
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11}
39
Final Age = 40.6 + 0.6 Ma
38 Mean =40.6 + 0.4 [0.87%] 20
Wtd by data-pt errs only, 0 of 19 rej.
MSWD = 0.9, probability = 0.6
37

206p 238

data-point error ellipses are 68.3% conf.

0.0070
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data-point error symbols are 16

A
44
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Q
I
g 41 -
-
3
0 40 I
39
l Final Age 40.8 + 0.7 Ma
38 Mean =40.8 £ 0.5 [1.2%)] 20
Wtd by data-pt errs only, 0 of 6 rej.
MSWD = 1.9, probability = 0.1
37

B

data-point error ellipses are 68.3% conf.
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206pp238Y
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0.034 0.038 0.042 0.046 0.050 0.054 0.058

207Pb/235u
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Abstract

The Sarkhar and Bermani granitic rocks is located 300 km southeast of Mashhad, east of
Sangan Mine, and northeastern Iran. Granitoid rock intruded older rocks such as
crystalline limestone and dolomite and metavolcano-sedimentary rocks in the pre-
Carbonifer age, and slate, quartzite, and conglomerate in the Carbonifer age.
Monzogranite and syenogranite are two-main intrusive rocks exposed in the study area.
Biotite monzogranite porphyry and biotite microgranite are found mainly as dike cutting
the intrusive rocks. The results of U-Pb zircon age dating of the monzogranite and
syenogranite is 41 Ma (Middle Eocene). These intrusive rocks are older than granitoid
associated with the Sangan mineralization. The texture of these rocks is hypidiomorphic
granular and quartz, plagioclase, K-feldspar, hornblend, and biotite are the main minerals.
Chemically, intrusive rocks are meta-aluminous to moderately peraluminous and
shoshonitic. These intrusive rocks based on: K,O/Na,O= 1.3 to 2.2, Zr>200ppm, Nb>20
ppm, Ce>100 ppm, Y>30 ppm, Ga>20 ppm, and strong enrichment in REE specially in
LREE plot in the field of A-type granite. However, the ratio of FeOt/FeOt+MgO is low
(0.5 to 0.9) and they are magnesian character. Spider diagram normalized with average
continental crust show enrichment in HFSE, Zr, Nb, Ga, Ta, Y, Hf and depletion in Ba
and Sr. They belong to post orogenic granitoid. Granitoid associated with the magnetite
mineralization at Sangan mine are I-type and originated from subduction zone. Granitoid
rocks within the study area (east of Sangan mine) belonging to A2 group and generated
by the magma from the continental crust.

Key words: Petrology of intrusive rocks, Zircon dating, A-type granite, East of Sanagn
mine, Khaf-Kashmar-Bardaskan magmatic belt
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