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Investigation of geochemical behavior of rare elements in
Moshirabad granite- pegmatite system
(southwest of Qorveh, Kordestan)
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Abstract

The Fertile pegmatites are known as the most important source of strategic and rare
elements. These coarse-grained granitic units are related to potentially granitic
intrusions and the identification of the parental intrusion is the first step of their
exploration and recognition. In the present paper, the Moshirabad granite-pegmatite
system located in southwest of Qorveh has been studied using bulk-rock data and
available geological information in order to consider rare elements behavior and their
contents. The investigations show that the studied igneous units did not formed in a
unique fractionation succession, but rather happened separately in parallel
differentiation processes. During sequential injections and development of fractionation
(Rb increase and K/RDb decrease), the metals such as Sr, Zn, Ba, REEs, Th, Zr, and Hf
were depleted whereas, the elements including Nb, Ta, Be, and Ga were enriched. In
addition, the evidences imply that hydrothermal activities, also, involved in the
concentration and depletion of the elements.
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SiO, 51.3 56.3 56.7 53.7 51.6 50.1 60.2 65.5 65.6 63 60.6 60.8
TiO, 0.8 1 1 0.9 0.8 11 0.6 0.5 0.5 0.5 0.9 0.8
Al,O3 13.4 15.6 18.9 14 12.6 16.3 18.6 17.3 17.4 18.2 15.8 16.4
Fe 04 7.2 6.3 6.5 9 6.9 7.4 44 35 3.4 4 53 5.6
MnO 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
MgO 111 6.7 22 8.2 15.1 8.2 1.3 11 1.2 11 3.4 3
CaO 75 72 75 9.6 11.1 10.4 4.6 3.6 3.8 4.1 5 5.8
Na,O 25 3.2 39 33 24 2.6 5.1 5.4 53 5.1 4.1 3.9
K,0 2.9 14 13 0.5 11 11 21 1.9 1.9 2 2.2 2
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Li

Cs 2.7 2.8 0.9 0.7 0.8 13 1.7 1.9 2.2 1.6 14 25
Be

Rb 133 59 37 17 39 49 70 80 79 62 103 76
Sr 350 441 612 395 296 451 800 577 562 533 432 761
Ba 420 291 457 73 212 517 650 742 494 582 504 489
Zr 120 101 66 77 87 103 350 315 259 295 173 115
Hf 3 2.8 25 21 26 25 8 75 6.3 75 4.2 3.3
Nb 9 11.4 42.2 9.3 9 14.3 21 24.7 37.6 31.6 23.3 18.3
Ta 0.7 0.8 35 0.7 0.7 0.8 15 2.1 3.2 2.8 1.6 1.2
Pb

Zn 62 77 72 80 60 70 49 61 66 53 73 79
Sn 1 1 2 1 1 1 1 2 2 1 1 1
Th 4.6 6.7 8.6 21 4.4 2.3 12 19.1 14.6 17.1 11.1 8.5
U 1.2 22 2 0.9 1 0.5 2.9 2.4 3.8 2.1 3.1 2
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Y 11.7 15.6 34.8 19.2 12.7 18.2 135 21.1 28.4 20.9 19.1 17.1
LREE 74.3 82.7 2023 57.4 79.6 715 1475 262.7 210.6 286.3 127.1 122.2
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SiO, 67.9 74.2 715 72.1 73.3 73.1 71.3 69.2 724 76.3 75.4 74.1
TiO, 0.3 0.1 0.3 0.2 0.1 0.2 0.2 0.3 0.1 0.1 0.1 0
Al, O3 145 12.2 14.1 13.7 14.6 13.3 14.4 14.6 12.9 12.3 12.7 14.1
Fe,0s 2.6 0.9 2.3 16 13 1.7 13 23 13 0.7 0.8 0.2
MnO 0.1 0 0.1 0 0 0 0 0.1 0 0 0 0
MgO 0.7 0.1 0.5 0.4 0.2 0.1 0.4 05 0.2 0.1 0 0
CaO 23 0.8 17 14 1.8 2.7 25 25 0.9 0.7 1 14
Na,O 4.3 35 4.1 4 4.3 39 3.6 4.8 3.6 3.3 44 3.8
K0 3.6 4.9 4 3.8 38 35 4.9 3.6 5 5 3.4 4.9
P,0s 0.1 0 0.1 0 0.1 0.1 0 0.1 0 0 0.1
Li
Cs 15 0.7 0.9 0.8 0.9 0.6 0.7 0.5 0.9 0.8 1.9 2.9
Be
Rb 100 105 114 90 102 98 133 107 161 132 150 334
Sr 340 70 270 296 226 604 163 293 100 78 118 50
Ba 750 150 670 731 662 502 295 676 280 151 182 49
Zr 200 60 180 125 74 128 134 199 120 62 49 23
Hf 5 3 4 34 23 3.7 4.1 4.9 4 2.6 25 18
Nb 24 25 26 19.8 19.7 213 38.7 234 20 326 51.9 102.5
Ta 19 21 18 1.7 1.9 1.6 4.9 21 2.2 3.6 6.8 28
Pb
Zn 40 11 44 35 16 14 18 37 20 8 10 13
Sn 2 <1 2 1 1 1 5 2 2 1 3 1
Th 15.8 19 18.5 19.3 111 19 39.1 20.6 21.2 20.7 6.3 6.4
U 2.9 5.2 3.2 3.7 33 45 5.1 34 3.7 6.9 6 12.8
Ga 18 14 17 15.3 14 21.5 19.7 18.5 16 14.9 18.7 24.3
Y 15.3 9.3 133 9.1 8.7 11.2 33.3 15 11 13.9 21 13.4
LREE 141.9 40.7 147.1 121.6 80.5 116.4 144.6 177.1 67.8 43.3 457 61
MREE 73 4.1 6.4 5.7 4.8 58 13.2 8.2 45 53 7.9 4.7
HREE 3.8 2.7 3.9 2.5 2.6 2.8 8.3 4 3 3.7 6.3 3.6
aalol =¥ Jgu
Samples No. Peg Peg Peg Peg Peg Peg nPeg-1 nPeg-2 nPeg-3 nPeg-4 nPeg-5
SiO, 74.8 71.2 71.2 73.4 715 71.2 72.7 70.9 734 75 74
TiO, 0 0 0 0 0 0 0.1 0 0.1 0.1 0
Al,O4 14.4 14.8 16.2 13 13.9 14.6 125 12 11.8 12.3 13
Fe,O3 0.3 0.3 0.5 0.5 0.4 0.8 0.8 0.6 0.8 0.7 0.6
MnO 0 0 0 0 0.1 0.1 0.1 0 0
MgO 0 0 0.1 0 0 0 0.1 0.1 0.1 0.1 0.1
CaO 0.4 0.6 0.8 0.6 0.6 0.4 0.8 2.2 0.8 0.5 0.7
Na,O 4.8 43 7.6 3.8 5.1 5.3 34 3.6 33 3.2 35
K0 4.7 5.9 2.3 55 44 38 4.3 4.3 4 44 4.2
P20s 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0 0.1
Li 7 5 7 3 9
Cs 34 3.7 1.9 29 2 6.3 3.2 4.1 29 11 4.9
Be 44 3 44 34 55
Rb 312 383 179 364 303 376 144 191 132 118 240
Sr 15 13 15 10 10 <10 106 11 107 97 51
Ba 7 4 9 <10 <10 <10 333 11 341 311 80
Zr 9 14 13 30 10 20 14 21 16 25 19
Hf 0.6 0.9 1 2 <1 1 0.9 1 0.9 13 15
Nb 75.3 35 68.1 109 38 61 36.3 60.1 315 40.5 70.5
Ta 125 6.3 12.8 19.8 7.2 8.8 6 8.3 5.1 75 10.5
Pb 111 52 70 103 90
Zn 10 5 16 7 8 12 23 22 22 9 19
Sn 1 1 1 1 <1 8 2.2 3.9 24 13 2
Th 55 42 3.7 12.9 9.9 43 20.4 11.8 20.6 20.1 175
U 7.6 55 5.4 21.7 5.4 45 34 5.7 2.6 3.8 6.2
Ga 21.6 22.7 253 19 25 33 18.5 20 17.6 17.1 22
Y 135 71 10.2 14.8 6.3 6.7 20.6 28.6 18.7 19.8 15.6
LREE 21.8 6.9 13.9 384 27.5 11.4 89.8 53.8 86.5 85 48
MREE 4.8 25 3.8 6.5 2.7 2.8 7.7 7.3 75 8 6.2
HREE 3.2 1.8 2.9 4.4 1.7 1.6 5.2 7.4 4.6 55 3.7
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FA Gilyly L PCL : ol & dlge i) obl e e Sl ~Cil 5 i inlos j0 Jodo (ol slaailie 5 JUT-0 Jyo=
O=588, 5 sl slaaild o 9 VP Ll ls L PC2 dLCT go0 GloeS slomaie 55 100 5 sl laanl 3 ias)e

CleXy 5 il i s S ymeg | 5l AT laoanay o )0 VY uils s L PC3 ¢ JLSUT slapiwns oS slo yaic
L_.f PC5 ‘(HREE 5Y) u:.i._‘.: UL_:.J ul_a..oS ‘;L} Lgl_A)_.a..c 4o .‘09_.)]4 :d._.o)é 1 L}”"‘l—i)b l._.: PC4 ‘u_M:l OQJ_S 6]59_l>
(ol oy oty olaSlo s clocdled ao,s £ Luilyllg

PC PC1 PC2 PC3 PC4 PC5
SiO, - 0.238 -0.051 -0.016 0,073
TiO, 0.172 0.045 0.042 0.086
AlLO; -0.151 0.056 -0.164 -0.013
Fe,Os 0.007 0.039 0.084
MnO 0.008 0.135 -0.165
MgO -0.106 0.058 0.149
Ca0 -0.004 0.094 0.113
Na,O 0.052 0.140 0.306 -0.304 -0.234
K.O 0.138 -0.115 0.019 0.117
P,Os -0.138 0.214 -0.034 0.075
K/Rb -0.092 0.249 -0.326 0.091 -0.009
Cs 0.119 -0.166 0.255 -0.044 -0.226
Rb -0.083 0.164 -0.084 0.110
sr 0.058 0.098 -0.110 0.071
Ba -0.178 0.232 -0.069 -0.164 0.058
zr -0.182 0.224 0.091 -0.215 0.180
Hf -0.169 0.252 0.087 -0.185 0.233
Nb 0.187 0.005 0.283 0.151 0.282
Ta 0.189 -0.044 0.236 0.123 0.338
Zn 0.084 0.018 0.020
Nb/Ta -0.107 -0.133 0.112
ZrIHf -0.060 -0.201 0.119
Th -0.152 0.140 -0.011
U 0.181 0.030 0.135 0.095 - o604
Ga 0.096 0.003 -0.170 -0.262
% -0.102 0.130 0.170 -0.140
LREE -0.184 0.272 0.140 0.018 0.040
MREE -0.185 0.121 0.197 0.302 -0.039
HREE -0.085 0.164 0.158 -0.094
50.00 PC Eigenvalue Variance Percentage
45.00 | PC1 14.36 4775 47.75
PC2 4.96 16.49 64.25
. 40.00 PC3 3.83 12.73 76.97
9 35.00 PC4 2.60 8.64 85.61
£ 30,00 :222 1.09 3.62 89.24
Z oo 0.76 253 91.76
o PC7 0.49 1.62 93.39
S 20.00 PC8 0.35 1.18 94.56
g_EJ 15.00 ;cclgo 8.22 1.08 95.64
25 0.83 96.47
10.00 PC11 0.23 0.75 97.22
5.00 PC12 0.18 0.61 97.83
PC13 0.16 0.53 98.36
0.00 PC14 0.12 0.40 98.76
PC1 PC3 PC5 PC7 PC9 PC11 PC13 PC15 : : :
PC15 0.11 0.37 99.13
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