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S1 S2 S8 S4 S5 S6 S7 S8 S9 S10
Profle-1 Profile-2
ALO, 289 41.2 40.4 44.9 51.6 41.7 30.6 45 19.5 51.2
Fe,0, 203 325 27 241 26.5 3.37 26.5 3.54 16.2 235
Si02 32.9 12.2 16.4 14.2 8.29 38.6 22.8 304 52.9 12.7
TiO, 2.64 3.76 3.94 4.26 4,98 4.22 4.02 4381 1.3 4.37
CaO 0.52 1.89 0.23 0.48 0.19 2.81 3.65 9.5 0.19 0.34
Cr,0, 012 0.21 0.14 0.22 0.19 0.15 0.13 0.16 0.05 0.18
K,0 1.44 0.05 0.005 0.03 0.005 1.45 0.02 0.1 0.45 0.04
MgO 1.19 0.23 2.65 2.8 0.14 0.16 0.7 0.27 44 0.83
MnO 0.02 0.07 0.1 0.08 0.01 n.d. n.d. n.d. 0.06 0.07
Na,O 2.2 0.7 0.05 0.05 0.05 3.7 0.4 1.2 0.3 0.1
PO, 0.07 0.04 0.08 0.1 0.09 0.05 0.08 0.1 0.06 0.08
LOI 8.74 5.88 7.38 8.1 7.19 591 9.79 5.6 5.17 5.44
Sum 99.04 98.73 98.38 99.32 99.24 102.13  98.7 100.69 100.58 98.85
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Sil S2 3 S4 S5 S6 S7 S8 S9 S10
Profle-1 Profile-2
Ba 90 5 5 20 130 50 70 5 20 30
Sr 310 270 10 40 80 680 160 460 40 80
Y 80 80 20 40 40 30 30 40 30 40
Zn 87 14 21 40 51 13 14 6 97 81
Zr 370 670 620 690 850 730 580 740 180 740
Co 395 311 711 45.6 26.1 35 233 45 25.1 12.7
Cs 7 0.3 0.1 0.05 0.05 3.7 0.05 0.2 0.7 0.2
Ccu 14 8 25 25 125 136 25 6 14 71
Ni 308 199 137 95 90 42 48 28 125 97
Ta 3.7 55 6.1 6.3 7.8 6.1 5.9 7.1 1.2 7
U 6.31 14.9 14.3 14.9 18 22.7 26.2 26.8 2.74 16.5
\% 667 583 484 591 657 565 412 426 162 573
Ga 34 54 55 60 60 40 49 57 26 69
Rb 515 1 0.4 0.4 0.4 38.7 0.7 1.7 15.6 15
Hf 10 15 16 17 20 17 15 19 5 19
Th 17 27 28.9 32.2 374 23.7 24 34.2 6.7 37.1
La 125 85.7 23.8 28.1 41.3 22.8 34.2 117 17.8 31
Ce 238 226 121 108 125 42 115 257 44.4 127
Pr 33 24.2 7.17 9.15 11.4 4.8 10.6 26 5.01 9.16
Nd 129 95.5 27 374 46.3 179 41.2 95.9 20.2 34.6
Sm 27.6 19.9 5.7 8.4 10.3 3.6 9.3 18.6 4.4 7.5
Eu 7.29 6.25 2.01 1.88 2.67 3.39 2.22 438 1.19 1.63
Gd 24.9 16.9 5.13 7.63 9.4 3.97 8.35 134 4.43 7.36
Th 3.49 291 1 1.32 1.63 0.79 1.42 1.98 0.88 1.48
Dy 18.9 16.8 6.05 8.49 9.94 5.61 8.46 10.8 6.04 10.2
Ho 3.33 3.38 1.29 1.75 211 1.29 1.74 212 1.32 2.14
Er 8.62 9.46 3.87 5.17 6.09 4.25 4.88 6.35 3.74 6.31
Tm 1.14 1.34 0.62 0.74 0.92 0.67 0.74 0.98 0.53 0.92
Yb 7.3 8.4 4.0 5.0 5.9 4.8 4.6 6.5 31 6.3
Lu 1.03 1.18 0.57 0.71 0.86 0.74 0.66 0.95 0.47 0.95
S 33 sl et ls Slasiin 4o ¥ Jpue
Index Abbreviation Name Formula References
CwI Chemical Weathering Index (100) [(Al,O,+Fe,0,+TiO,+L.0.I)]/all chemical components Sueoka (1988)
CIA Chemical Index of Alteration (100)[(ALO,)/(Al,0,+Ca0+Na,0+K,0] Nesbitt & Young (1982)
MIA Mineralogical Index of Alteration 2(CIA-50) v _V0|cguEet al.(199:72)c,:2;
Ciw Chemical Index of Weathering (100)[(ALO,)/(Al,0,+Ca0+Na,0)] Harnois (1988)
PIA Plagioclase Index of Alteration (100)[(ALO,-K,0)/(Al,0,+Ca0+Na,0-K,0] Fedo et al. (1995)
WI-1 Weathering Index 1 [(SiO,+Ca0)/(Fe,0,+TiO,)] Darmody et al. (2005)
WI-2 Weathering Index 2 [(SiO,+Ca0)/(Fe,0,+TiO,+ALO,)] Darmody et al. (2005)
adllan 3550 2 5Y B sl eKuslS gl (Sasln glo oty slie —F Jya
Index CwiI CIA MIA CIw PIA WI-1 WI-2
Optimum fresh value <50 <50 <50 <50 <50 - -
Optimum weathered value 100 100 100 100 100 - -
Profil 1 Green ores 60.03 86.16 72.32 90.5 89.99 1.46 0.68
Profil 1 Black ores 84.13 93.55 87.10 93.67 93.66 0.39 0.19
Profil 1 Blackish grey ores 79.51 99.24 98.49 99.26 99.26 0.54 0.24
Profil 1 Blackish greyores 81.35 98.65 97.30 98.72 98.72 0.52 0.21
Profil 1 Brick red ores 90.77 99.49 98.98 99.50 99.50 0.27 0.11
Profil 2 Greenish cream ores 52.26 82.57 65.134 85.28 84.78 5.46 0.91
Profil 2 Dark green ores 71.36 87.54 75.08 87.60 87.59 0.87 0.45
Profil 2 Light cream ores 58.64 80.65 61.29 80.79 80.76 4,78 0.75
Profil 2 Grayish green ores 39.54 94.28 88.56 96.94 96.85 3.03 1.61
Profil 2 Grayish green ores 85.17 99.01 98.02 99.09 99.09 0.47 0.17
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(S10:GGO) s 2S5 & s e 5 (S9:GGO) (5 oS & o 5 (SBLGO) 25, p 5 {ST:DGO) 5 5

S1 S2 S8 S4 55 S6 S7 S8 S9 S10

GO BO BGO BGO BRO GCO DGO LCO GGO GGO
La 316.67 185.67 -20.67 -6.33 37.67 -24.00 14.00 290.00 -40.67  3.33
Ce 271.88 253.13 89.06 68.75 95.31 -34.38 79.69 301.56 -30.63 98.44
Pr 364.79 240.85  0.99 28.87 60.56 -32.39 49.30 266.20 -29.44 29.01
Nd 396.15 267.31 3.85 43.85 78.08 -31.15 58.46 268.85 -22.31 33.08
Sm 513.33 342.22 26.67 86.67 128.89 -20.00 106.67 313.33 -2.22 66.67
Eu 728.41 610.23 128.41 113.64 203.41 285.23 152.27  445.45 35.23 8.52
Gd 555.26 344.74  35.00 100.79 147.37 4.47 119.74 252.63 16.58 93.68
Th 445.31 354.69 56.25 106.25 154.69 23.44 121.88 209.38 37.50 131.25
Dy 440.00  380.00 72.86 142.57 184.00 60.29 141.71 208.57 72.57 191.43
Ho 316.25  322.50 61.25 118.75 163.75 61.25 117.50 165.00 65.00 167.50
Er 274.78 311.30 68.26 124.78 164.78 84.78 112.17 176.09 62.61 174.35
m 24545  306.06  87.88 124.24 178.79 103.03 124.24 196.97 60.61 178.79
Yb 228.83 278.38 80.18 125.23 165.77 116.22 107.21 192.79 39.64 183.78
Lu 221.88 268.75 78.13 121.88 168.75 131.25 106.25 196.88 46.88 196.88
(LREE/HREE),, 5.227 4.274 4.316 3.388 3.514 2.124 3.844 7.028 2.372 3.020
(La/Yh),, 11.57 6.89 4.02 3.80 4.73 3.21 5.02 12.16 3.88 3.33
Ce* 0.86 1.15 2.16 1.57 1.33 0.90 141 1.06 1.09 1.75
Eu* 0.85 1.04 1.14 0.72 0.83 2.74 0.77 0.93 0.82 0.67
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Abstract

The Heydar-Abad laterite horizon is located at 65 km south of Urmia, West Azarbaidjan province. This horizon was developed as stratiform
bed within the carbonate rocks of the late Permian Ruteh Formation. Based on the petrographical and mineralographical studies, the ores of
this horizon contain micro-granular, fluidal-collomorphic, panidiomorphic-granular, spastoidic, pelitomorphic, nodular, and ooidic textures and
have an authigenic origin. According to the mineralogical investigations, the ores of this horizon include minerals such as diaspore, corundum,
hematite, magnetite, goethite, rutile, paragonite, margarite, amesite, berthierine, montmorillonite, chlorite, chloritoid, muscovite-illite, quartz,
pyrite, anhydrite, calcite, and dolomite. The presence of high quantities of silicate minerals indicates immaturity and poor draining system
during the development of this residual horizon. The results of chemical analyses show that Eu and Ce anomalies in the ores are within the
ranges of 0.67 to 2.74 and 0.86 to 2.16, respectively. The calculations of values of enrichment factor of elements in two selected profiles reveal
that two processes of leaching and fixation are major regulators of concentrations of REEs in ores of this horizon. The results obtained from
the mineralogical and geochemical studies show that changes of pH of weathering solution, fluctuations of level of ground-waters, alteration
intensity, and function of carbonate bedrocks as a geochemical barrier, adsorption, and scavenging have played an important role in distribution
of the rare earth elements (REEs) in this deposit. The correlation coefficients show that the secondary phosphates, rutile and muscovite-illite
are potential hosts for REEs in the ore.
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