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Petrography, geochemistry, U-Pb dating and
Sr-Nd isotopes of igneous rocks in Tannurjeh porphyry
Au-Cu prospect area (NE Kashmar)
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Abstract

The Tannurjeh porphyry Au-Cu prospect area is located in the northeastern Kashmar,
the Khorasan Razavi province, and central of the Khaf-Kashmar-Bardaskan magmatic
belt. Geologically, the area is dominated by the Tertiary rhyolitic-rhyodacitic volcanic
rocks, which are intruded by monzonitic to dioritic subvolcanic intrusive rocks. The
texture in the most of the study igneous rocks is porphyry with fine groundmass and the
main minerals are plagioclase, alkali feldspar, quartz, biotite, hornblende and magnetite.
The monzonitic intrusions are the source of widespred mineralization and alteration,
whereas the diorite is the later phase, which is devoid of mineralization. Using zircon U-
Pb method, the age of monzonitic intrusive was determined at 39.8 Ma (Middle
Eocene), geochemically as well as mineralogically, the igneous rocks of the area are
calc-alkaline granitoids belonging to magnetite series (I-type) which were developed in
subduction tectonic setting. The LREE enrichment relative to HREE and enrichment in
K, Rb, Cs, Th, and U in comparison to Ti and Nb elements are observed in all of the
samples studied. Eu negative anomalies and low Sr/Y ratios can be attributed to the
presence of residual plagioclase in the source. (¢"Sr/*°Sr)i (0.705673 and 0.705158),
(**Nd/***Nd)i (0.512524 and 0.512570), and eNd; (-1.22 and -0.32) values indicate
magma is derived from mantle wedge above subducted slab, which is assimilated with
upper crust. Finally, the Eocene is an important metallogenic episode, particuarly for Au
and Cu, in NE of Iran.
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Sample No. Tn-1 Tn-2 Tn-3 Tn-4 Tn-5 Tn-6
Longitude 58°36'52" 58°36'22" 58°36'5" 58°36'9" 58°36'1" 58°36'17"
Latitude 35°2321" 35°23'3" 35°23'8" 35°2325" 35°23'18" 35°23'18"
SiO, 74.52 74.15 74.04 73.54 72.04 72.67
TiO, 0.49 0.44 0.46 0.45 0.46 0.59
Al,O; 13.45 13.66 11.92 11.07 14 13.14
FeOt 2.08 4.15 5.6 4.74 4.3 2.26
MnO 0.01 0.02 0.01 0.01 0.01 0.02
MgO 1.34 1.48 1.12 0.21 0.82 19
CaO 0.92 0.65 0.34 0.39 0.19 0.93
Na,O 0.9 04 0.27 0.4 0.24 0.43
K,O 2.23 2.3 2.74 6.18 4.72 3.31
P,Os 0.07 0.07 0.09 0.1 0.08 0.08
LOI 3.9 2.7 3.2 3 3.2 3.7
Total 99.91 100.02 99.79 100.09 100.06 99.03
Rb 70.2 29.2 19.2 1314 67.5 84.8
Sr 110.8 410.8 58.1 141.3 66.4 69.4
Zr 290 294 173 242 320 260
Nb 16.2 189 8.7 11.2 16.2 12.8
La 18.4 125 244 225 27.1 222
Ce 36 28.9 49.1 43.6 58.6 50.5
Pr 3.84 3.32 5.92 4.6 6.11 5.7
Nd 13.6 13.7 25.7 18 233 24.8
Sm 2.7 3 4.8 3 41 49
Eu 0.43 0.94 091 0.69 0.79 0.95
Gd 231 294 454 2.88 4.04 4.49
Tb 0.49 0.52 0.73 0.52 0.84 0.69
Dy 3.48 311 4.32 3.38 5.11 4.80
Ho 0.79 0.63 0.83 0.75 1.17 1.02
Er 2.85 1.84 2.6 2.53 3.47 3.38
Tm 0.47 0.29 0.42 0.47 0.6 0.52
Yb 3.04 1.75 2.84 2.57 3.55 3.44
Lu 0.48 0.26 0.55 0.49 0.54 0.54
Y 25 32 24 23 35 30
Cs 14 74 11 16 1.3 1
Ta 1.2 15 0.7 1 13 11
Hf 8.3 10.6 4.3 6.9 8.7 8.1
\Y 45 209 57 28 18 51
Th 12.8 10 6.9 116 13.2 115
Ga 13.8 17.7 8.8 114 17 16
U 34 16.6 2.7 28 4.2 31
(La/Yb)y 4.08 4.82 5.79 5.90 5.15 4.35

Eu/Eu” 0.53 0.97 0.6 0.72 0.59 0.62




VWAV e cpgms 5 (oo o)l ood Jlo 3el9— of

(Y- - A Ajayebi :3l lasges *) anlol =) Jgo

Sample No. Tn-7 Tn-8 pt-8* Pt-50* Pt-20* pt-32*
Longitude 58°36'41" 58°36'41" 58°35'51" 58°36'51" 58°36'12" 58°36'38"
Latitude 35°23'9" 35°22'50" 35°23'9" 35°23'3" 35°23'4" 35°22'60"
SiO, 70.32 69.94 77.63 72.46 71.44 71.18
TiO, 0.53 0.5 0.25 0.21 0.43 0.53
Al,O3 14.41 14.81 9.24 13.93 13.74 14.97
FeOt 2.54 2.82 4.62 2.2 521 2.26
MnO 0.05 0.01 0.06 0.01 0.01 0.01
MgO 0.46 0.14 1.24 0.45 0.82 0.33
CaO 0.93 0.46 0.37 1.34 0.1 0.23
Na,O 5.37 2.59 2.86 3.73 0.26 1.95
K20 2.48 6.55 2.22 4.27 3.86 6.36
P,0s 0.09 0.04 0.13 0.05 0.07 0.06
LOI 2.7 2.3 14 15 42 2.3
Total 99.88 100.16 100.02 100.15 100.14 100.18
Rb 79.5 127.3 49.8 137.7 112.4 138.6
Sr 208.1 202.5 53.8 140.3 33.4 181.8
zZr 312 361 192 110 311 352
Nb 18.1 17.6 8 8.7 16.5 18.2
La 7.3 39.8 14 19.6 435 424
Ce 14.8 83.5 30.9 40.3 94.2 86.7
Pr 1.53 8.86 3.55 4 10.33 9.16
Nd 49 35.7 133 15.3 39.4 33.6
Sm 11 6.1 2.9 2.8 6.6 6.5
Eu 0.18 0.97 0.62 0.46 0.99 1.15
Gd 0.85 511 3.18 2.72 5.14 591
Tb 0.18 0.8 0.5 0.46 0.8 0.98
Dy 131 4.82 2.76 2.50 4.77 5.89
Ho 0.33 1.15 0.6 0.57 1.06 1.18
Er 1.26 3.28 2.18 1.65 3.19 3.64
Tm 0.23 0.56 0.37 0.3 0.51 0.64
Yb 177 3.72 2.8 1.79 3.21 3.55
Lu 0.33 0.59 0.48 0.27 0.54 0.59
Y 11 32 18 16 31 35
Cs 1.6 1 0.7 3.7 0.8 15
Ta 1.2 14 0.7 1.2 1.2 1.4
Hf 8.4 10 4.8 3.6 9.1 10.1
\Y 39 17 29 35 23 17
Th 12 16.4 7.4 12 14.5 16.3
Ga 13.8 14.8 14.9 15.2 20.1 13.1
U 3.2 48 2.7 3.8 4 4.6
(La/Yb)n 2.78 7.21 3.37 7.38 9.14 8.05

Eu/Eu” 0.57 0.53 0.62 0.51 0.52 0.57
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Sample No. Tn-23 Tn-24 Tn-36 Tn-39 Tn-40 Tn-41 Tn-42 Tn-47
Longitude 58°35'52" 58°35'60" 58°36'31" 58°36'31" 58°36'43" 58°36'38" 58°36'59" 58°36'16"
Latitude 35°22'59" 35°22'52" 35°23'8" 35°23'15" 35°2321" 35°23'16" 35°23'6" 35°2313"
SiO, 54.82 54.25 65.76 68.29 63.93 66.82 62.09 61.62
TiO, 0.87 0.88 0.49 0.66 0.73 0.56 0.72 0.71
Al,O3 16.75 16.69 15.19 15.3 16.31 14.65 15.85 16.1
FeOt 7.56 7.92 4.27 351 6.67 451 6.1 5.64
MnO 0.09 0.09 0.04 0.01 0.01 0.01 0.01 0.01
MgO 31 3.18 0.81 0.83 0.45 0.49 0.54 2.33
CaO 5.52 5.56 1.77 0.29 1.09 0.45 1.23 2.05
Na,O 3.94 391 3.24 1.43 3.38 2.99 5.09 4.58
K,O 3.2 3.27 477 511 1.82 541 3.02 1.83
P,0s 0.27 0.28 0.14 0.09 0.12 0.12 0.06 0.16
LOI 39 4 3.6 45 5.5 41 52 5
Total 100.02 100.03 100.08 100.02 100.01 100.11 99.91 100.03
Rb 67.3 69.9 1339 148.1 56.1 134.9 91.7 70.9
Sr 358.7 372.2 318.4 103.8 263.5 261.9 292.5 282.1
Zr 156 159 149 257 207 254 225 161
Nb 7.6 8.2 8.1 13.7 114 13.4 13.1 9
La 22 22.2 27.4 25.2 22.6 15.3 21.7 20.8
Ce 48.6 49.6 50.5 55.5 48.6 30.8 55.8 442
Pr 5.6 5.65 5.35 6.19 5.63 3.38 6.37 5.38
Nd 26.2 25.9 17.7 255 215 134 233 223
Sm 52 51 3.6 45 45 2.7 4.2 5.7
Eu 131 1.35 0.86 0.67 0.8 0.46 0.75 1.28
Gd 4.77 4.95 271 311 3.22 2.08 2.56 4.56
Tb 0.78 0.83 0.51 0.58 0.51 04 0.47 0.89
Dy 4.52 4.80 2.49 331 2.82 2.54 2.34 4.75
Ho 0.9 0.87 0.55 0.74 0.55 0.56 0.51 0.97
Er 2.59 271 1.43 2.25 177 1.92 1.56 3
Tm 0.37 0.42 0.24 0.34 0.31 0.36 0.25 043
Yb 2.44 2.69 1.56 2.29 1.89 2.18 1.81 2.8
Lu 0.43 0.4 0.27 0.42 0.3 0.42 0.29 043
Y 25 25 16 23 17 19 14 29
Cs 45 5 44 16 35 13 3 5
Ta 0.6 0.7 0.8 11 0.8 11 11 0.6
Hf 4.6 4.6 43 7.8 6 7.1 5.8 44
\% 203 215 97 97 184 95 108 165
Th 6.3 72 14.3 9.3 7.5 12.7 9 1.7
Ga 15.8 16.9 16.1 16.9 15.2 13 17.2 17.1
U 17 18 3.6 29 2.8 3.1 3.1 2.3
(La/Yb)n 6.08 5.56 11.84 7.42 8.06 4.73 10.32 5.01

Eu/Eu” 0.8 0.82 0.84 0.55 0.64 0.59 0.70 0.77
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Sample No. Tn-49 Tn-51 Tn-53 Tn-55 Tn-76 Tn-78 Pt-11* Pt-12*
Longitude 58°36'60" 58°36'50" 58°3022" 58°36'35" 58°37'4" 58°36'58" 58°36'1" 58°36'16"
Latitude 35°2321" 35°2317" 35°237" 35°22'54" 35°23'12" 35°22'54" 35°23'18" 35°2320"
SiO, 68.76 66.02 67.32 68.78 61.19 60.83 65.73 69.7
TiO, 0.56 0.52 0.68 0.56 0.73 0.72 0.61 0.61
Al,O3 14.92 13.6 14.77 14.88 14.06 15.02 15.63 15.25
FeOt 3.97 5.7 7.38 2.95 6.95 7.32 5.62 1.99
MnO 0.01 0.01 0.01 0.01 0.13 0.15 0.05 0.01
MgO 0.46 0.19 0.71 0.26 3.58 36 1.64 011
CaO 0.6 0.6 0.52 0.46 54 5.2 0.67 0.49
Na,O 211 24 0.26 4.47 3.62 311 0.6 3.81
KO 5.31 6.58 3.7 4.88 3.06 2.89 6.88 6.16
P,0s 0.08 0.12 0.21 0.06 0.21 0.22 0.2 0.12
LOI 3.3 4.4 45 2.8 0.86 1.02 24 1.9
Total 100.08 100.14 100.06 100.11 99.79 100.08 100.03 100.15
Rb 105.1 136.8 88.7 99 74.1 75.2 146.3 120.7
Sr 146.1 307.2 178.3 200.5 425.4 453.1 97.8 178.6
Zr 353 266 251 323 206.4 189 244 296
Nb 20.1 151 14.2 18.9 11.2 111 13.4 151
La 414 255 28.1 31.6 24.4 25.2 18.3 16.2
Ce 85.1 55.8 57.1 65.3 52.0 51.2 45.6 45.4
Pr 9.6 6.22 5.99 7.37 6.32 6.3 5.83 5.83
Nd 36.8 23.8 22.7 28.1 25.3 24.8 25.7 22.3
Sm 7.7 4.7 45 5.2 5.29 511 7.1 4.8
Eu 13 0.8 0.81 0.96 1.29 1.18 1.23 0.86
Gd 5.17 341 3.22 4.18 5.17 5.12 9.88 3.57
Th 0.9 0.62 0.57 0.74 0.76 0.84 161 0.66
Dy 4.90 3.49 3.22 4.56 4.9 4.53 9.13 3.98
Ho 1.04 0.8 0.82 0.98 0.92 0.89 177 0.86
Er 3.46 242 2.69 3.07 2.58 2.54 4.79 291
Tm 0.53 041 0.42 0.53 04 0.4 0.74 05
Yb 3.28 2.53 2.69 3.15 2.76 2.72 413 3.14
Lu 0.58 0.44 0.47 0.56 0.44 0.4 0.6 0.48
Y 32 24 24 30 255 25 48 23
Cs 14 15 19 0.6 14 1.3 0.9 11
Ta 15 1.2 1 14 0.9 0.8 1 1.2
Hf 9.1 73 6.7 85 54 51 6.8 7.7
\Y 24 74 97 27 184 175 64 42
Th 17.4 13.7 10.2 13.3 8.9 8.6 9.8 135
Ga 16.6 154 16.4 11.8 16.9 16.4 21.9 14.8
U 45 3.2 29 41 2.3 2.1 3.2 41
(La/Yb)n 8.51 6.8 7.04 6.76 5.96 6.25 2.99 3.48
Eu/Eu” 0.63 0.61 0.65 0.63 0.75 0.71 0.45 0.64
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Sample No. Pt-13* Pt-31* Pt-35* Pt-39* Pt-43* Pt-49* Pt-53*
Longitude 58°36'1" 58°36'22" 58°36'32" 58°36'37" 58°36'43" 58°36'53" 58°36'42"
Latitude 35°23'18" 35°237" 35°23'10" 35°23'10" 35°23'24" 35°23'13" 35°22'55"
SiO, 61.76 65.29 66.44 59.18 61.65 66.55 69.6
Tio, 0.85 0.43 0.47 0.8 0.62 0.57 0.53
Al,Os 15.72 15.13 15.55 16 15.99 18.1 13.58
FeOt 6.33 79 4.44 6.72 6.07 1.74 421
MnO 0.15 0.01 0.03 0.01 0.02 0.01 0.01
MgO 3.81 0.18 0.86 1.63 2.17 0.14 0.18
CaO 2.15 0.87 0.75 1.76 211 0.61 0.49
Na,O 4.05 3.87 4.25 5.68 4.08 4 3.82
K,0 158 2.96 453 18 2.37 5.67 4.23
P,0s 0.27 0.04 0.12 0.05 0.15 0.04 0.06
LOI 33 34 2.7 6.4 4.8 26 34
Total 99.97 100.08 100.014 100.03 100.03 100.03 100.11
Rb 45.9 81.9 130.9 87.2 88.6 180.8 91.7
Sr 307.9 282.8 259.6 285.4 280.6 345.2 190.8
zr 215 167 153 184 155 145 273
Nb 12.2 6.9 7.3 9.3 7.7 73 14.7
La 27.3 5.4 111 26.8 158 5.5 33.6
Ce 59.5 9.3 21.3 57.7 37.3 108 70.4
Pr 6.98 0.82 2.09 6.43 4.54 111 7.52
Nd 28.8 28 8.6 26.1 20.2 4.4 28.1
Sm 5.9 0.4 1.4 5.1 5 0.9 5.1
Eu 131 0.17 0.4 1.14 1.26 0.32 1.04
Gd 5.49 0.41 1.06 5.55 5.49 0.88 4.83
Th 0.86 0.05 0.12 0.95 0.91 0.12 0.76
Dy 4.61 0.29 0.76 5.3 5.02 0.77 4.54
Ho 0.99 0.09 0.18 1.06 1.08 0.14 0.87
Er 3.14 0.33 0.45 2.98 2.88 0.47 2.67
Tm 0.51 0.07 0.1 0.44 0.48 0.1 0.46
Yb 2.88 0.51 0.58 2.44 281 0.66 2.63
Lu 0.46 0.1 0.12 0.39 0.46 0.14 0.44
Y 30 3 5 31 30 4 28
Cs 1.9 4.2 23 45 6 24 0.7
Ta 0.9 0.9 0.9 0.8 0.7 0.9 11
Hf 6.3 5.1 4.9 5.4 4.7 4.4 8
Y 112 49 102 151 159 94 35
Th 9 20.5 15.1 7.1 10.4 125 129
Ga 15.4 16.1 14.4 188 15.1 15.4 133
U 24 29 2.7 23 21 4.2 34
(La/Yb)y 6.39 7.14 12.9 7.41 3.79 5.62 8.61
Eu/EU’ 0.7 1.28 1 0.66 0.74 1.10 0.64
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SamplesNo. U (ppm) “Pb/%Pb  U/Th  ZPb*/X'Pb* (%) ZPPb*/U* +(%) “®Pb*/*®U +(%) Bestage (Ma) + (Ma)
Spot 10 529 26156 2.2 13.4894 3.9 0.0606 4.4 0.0059 1.9 38.1 0.7
Spot 4 905 47797 1.7 21.1805 2.3 0.0389 4.0 0.0060 3.2 38.4 1.2
Spot 15 226 9722 1.1 22.6065 4.0 0.0370 45 0.0061 2.1 39.0 0.8
Spot 1 520 28149 0.9 21.4896 3.9 0.0393 55 0.0061 3.9 39.3 15
Spot 3 1014 34231 14 19.5484 34 0.0432 4.8 0.0061 3.3 39.3 13
Spot 5 88 5694 1.3 20.8875 5.9 0.0404 6.6 0.0061 29 39.4 11
Spot 16 209 8957 1.0 21.9025 3.7 0.0387 4.2 0.0061 2.1 39.5 0.8
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Spot 6 134 45212 1.0 22.5668 5.7 0.0389 6.5 0.0064 3.1 40.9 1.2
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Spot 2 103 28050 14 21.0389 5.3 0.0420 5.8 0.0064 2.3 41.2 1.0
Spot 13 70 63540 15 15.5839 7.2 0.0574 7.6 0.0065 2.3 41.7 1.0
Spot 12 62 42773 14 19.3132 6.5 0.0467 7.0 0.0065 2.7 42.1 11
Spot 9 172 6656 1.0 9.5442 8.8 0.0981 9.1 0.0068 25 43.6 1.1
Spot 11 361 6839 2.6 7.3225 49 0.1305 5.6 0.0069 29 44.5 13
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Sample No. AGE (Ma) Rb (ppm) Sr (ppm) 8Rb/*sr ¢'sr/*°srm (26) (*"Sr/*°SK) initia
Diorite 40 73.0 357 0.5903 0.705493 0.705158
Quartz monzonite 40 131.0 260 1.4561 0.706500 0.705673
m: measured

Errors are reported as 1o (95% confidence limit)

The initial ratio of &’Sr/®Sr calculated using *Rb/%Sr and (¥"Sr/%°Sr) m and an age 40 (age based on zircon)

(oilS (559 o) 4z 5555 (S99 (2,01 Glmodss sl SM-NU slacssisil & bgiye (353! sloosls -0 Jsazr

Sample No. Sm (ppm)  Nd (ppm) “SmANd - (**Nd/Nd) m (20) SNd/MNG it eNd;
Diorite 5.10 26.1 0.1182 0.512601 0.512570 -0.32
Quartz monzonite 14 8.6 0.0985 0.512550 0.512524 -1.22
m: measured

Errors are reported as 16 (95% confidence limit)

The initial ratio of **Nd/***Nd calculated using **’Sm/***Nd and (***Nd/***Nd) m and an age 40 (age based on zircon)

eNd;: initial eNd value
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