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Normal Fault

Cream, thick bedded to massive [3

== Alteration of grey- green micaschist and
limestone (Qom Formation)

= quartzite (Kahar Formation)

A5

Drainage

Y Study area

Dark green- grey micaschist and === Road
amphibolite schist (Kahar Formation)

Red conglomerate and sandstone
(Lower Red Formation)

White and thick bedded dolomite
(Jangoutaran Formation)
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el o 30 5Ll e § Laze Sl e
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N3 S =58 s asle s (HA-TT 5HA-10 slasiped) (oo S Sl S 55 (S OlaS 5 g5 oo glasd slag o o= Jsr
iz 2 S 5 o Sl B3 GISHA-6 s HA-IS (glats pos . 58500 LS s (HA-22, HA-20, HA-15, HA-6, HA-3 (slas sa3)

s (ppm) SIBE (f = Waosls GALJ

Sample no. HA-3 HA-6 HA-10 HA-11 HA-15 HA-20 HA-22
Sample type | Mn Ore | Silicified Mn ore | Carbonate | Carbonate | Silicified Mn ore | Geothite | Mn Ore
Ag 3.9 3 <0.01 0.64 0.65 0.18 9.5
Al 2300 1010 53 70 870 2310 4280
As 0.002 109 5.8 539 570 0.001 1340
Ba 0.004 <0.2 7.3 7080 <0.2 271 0.009
Be 35.5 <0.2 6.3 3.7 1.9 28 7.6
Bi 0.1 6.2 <0.1 <0.1 32 10.7 <0.1
Ca 0.002 8860 0.024 0.023 5740 4610 1560
Cd 12.8 64 7.17 7.6 2.53 2.4 2.69
Co 116 18.6 10.8 50 79.1 4.8 282
Cr 30 44 <2 9 101 3 110
Cs 1 22.8 <0.1 0.6 19.2 8.3 35
Cu 1187 16.9 10.6 177.8 6.7 61.7 970.3
Fe 0.031 0.004 <100 4660 0.006 0.06 3230
Ga 8.12 10.4 1.45 7.2 12.9 8.81 234
Ge 47 9.45 <0.05 3.37 8.41 133 28.1
Hf 0.27 0.04 <0.02 <0.02 <0.02 0.04 0.1
Hg 0.14 <0.05 <0.05 <0.05 <0.05 <0.05 0.1
In 0.17 <0.01 <0.01 <0.01 0.04 0.13 0.09
K 3150 6630 14 1520 6560 386 0.0015
Li 1.2 31.9 <0.5 <0.5 22.3 13 1.7
Mg 633 0.0016 4520 820 3840 306 227
Mn 0.014 0.014 1470 0.0038 0.197 942 0.037
Mo 94.6 0.3 <0.1 29.3 3.1 120 216
Na 135 674 266 74 2140 152 215
Nb 0.9 <0.5 <0.5 <0.5 <0.5 0.8 0.7
Ni 124 8 38 44 27 82 187
P 509 1060 70 80 317 324 222
Pb 6180 6830 7.7 240 79.7 2260 262
Rb 8.5 21.5 3.7 8.2 14.4 39 31.8
Re <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S 3930 484 1750 101 394 117 589
Sb 15.6 80.3 0.2 1.6 86.5 602 10.2
Se 1.07 2.99 0.42 0.57 0.27 0.54 0.42
Sn <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Sr 320 1150 104 70.8 2780 61.8 421
Ta 0.83 <0.01 0.03 <0.01 <0.01 <0.01 <0.01
Te <0.2 0.3 <0.2 <0.2 0.5 <0.2 <0.2
Th 0.42 0.17 <0.02 0.05 0.05 0.1 0.35
Ti <10 52 <10 <10 12 <10 34
Tl 54.5 1.5 <0.1 40.2 14.9 0.5 288
U 5.32 0.39 0.22 0.4 1.07 1.56 0.48
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Sample no. HA-3 HA-6 HA-10 HA-11 HA-15 HA-20 HA-22
Sample type | Mn Ore | Silicified Mn ore | Carbonate | Carbonate | Silicified Mn ore | Geothite | Mn Ore
\% 117 5 <2 13 5 53 240
w 0.9 1 <0.1 0.8 0.6 27.5 0.8
Zn 1150 6000 263 349 1270 1120 888
Zr 11 2 <1 <1 2 2 5
Lu 1.83 0.1 0.05 0.16 0.08 0.19 1
Yb 15.3 0.67 0.34 1.58 0.5 1.28 14.1
Tm 1.7 0.11 0.06 0.15 0.08 0.21 0.63
Er 12.2 0.79 0.41 1.09 0.64 1.52 4.42
Ho 4.01 0.24 0.12 0.36 0.2 0.49 1.61
Dy 17.8 1 0.45 1.6 0.75 2.16 8.07
Tb 2.73 0.14 0.06 0.25 0.1 0.32 1.4
Gd 3.1 0.89 0.29 <0.05 0.7 1.51 <0.05
Eu 1.82 0.16 0.07 0.21 0.14 0.45 <0.02
Sm 13.4 0.71 0.19 1.29 0.43 1.38 9.36
Nd 59.8 3.68 0.8 6.18 2.25 5.43 51.9
Pr 15 0.88 0.15 1.55 0.51 1.27 14.6
Ce 173 221 0.11 8.85 1.05 8.58 96.7
La 77.2 5.87 0.72 9.28 3.83 5.62 98.8
Y 135 11.9 8.16 13.8 10.6 17.2 35.4
Sc 21 <1 <1 1 <1 <1 4
Sum REE 553.62 30.35 12.97 47.40 22.86 48.61 342.02
Eu/Eu* 0.862 0.615 0.911 2.525 0.779 0.952 0.089
Ce/Ce* 1.384102 0.258482 0.078788 0.635267 0.194437 0.844307 | 0.734084

Sl Sl glasd e Blod 51 T 5 38 &5 Wi s .(Rogers et al., 2001)
2305034 AT 4 ol 3K 2 gland e 25 o o Ll clils polie
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33 s e3g i 3 /) 3 S alie BV Sl i pslie 5 ol S clawiys
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Abstract

Halab manganese deposit is located in the Sanandaj- sirjan zone, 100 km southwest of Zanjan. The rock units in the study area include
Precambrian Kahar and Jangoutaran marble Formations. Manganese mineralization in the Halab area, occurred as veins and massive in the
Jangoutaran marble and minor amount in the schist unit. The main important minerals in the Halab manganese mineralization consist of
pyrolusite, psilomelane, manganite and goethite, which calcite and quartz occurred as associated gangue minerals. The ore textures include
cloform, vein-veinlets, massive, comb, dogtooth, botryoidal, replacement and relict. Actinolite, carbonate and silicic are the main important
alterations in this area. Primitive mantle normalized of the rare earth elements (REE) patterns in the orebody and hydrothermal carbonate
samples show that the samples relatively enrichmed in light REE. The analyzed samples show significant negative anomaly in Ce and weak
negative anomalies in Eu. Furthermore, the primitive mantle normalized pattern of trace elements in the orebody and hydrothermal carbonate
show significant enrichment in Ba, U, La, Pb, Sr and negative anomaly in Rb, Th, Nb, Ce, P, Zr and Ti. The field and microscopic studies as
well geochemical evidences suggest that the mineralization formed by hydrothermal fluids. The circulation of meteoric and/or magmatic fluids
within the Precambrian units provide the important elements such as Mn, Fe and Ca for mineralization. When the mineralizing fluid contact
with reactable rocks, caused the formation of Mn mineralization in the Halab area.
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