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Abstrac
     Chehelkureh copper deposit is located in Kuh-e-Lunka area, 120 km NW of Zahedan (SE of Iran). The host rocks of
mineralization are intercalated Eocene turbiditic greywackes, siltstones, and shales (flysch). They are folded with N-S trend 
and the eastern limb of this fold has been drag folded. Several stocks and dykes of granodiorite to quartz monzodiorite and 
granite compositions intruded the turbidites, converting them locally to hornfels. These intrusions are oriented parallel to the 
major NW-SE fault set. The Chehelkureh ore field comprises numerous irregular lenses and veins. The ore field extends for 
1500m in N23°W direction, and is displaced by late brittle faults striking roughly E-W. The fault and fracture filling ores include 
quartz, dolomite, ankerite, siderite, calcite, and lesser amounts of pyrrhotite, arsenopyrite, pyrite, chalcopyrite, sphalerite, galena,
Se-rich galena, marcasite, molybdenite, ilmenite, and rutile. Assay data from 39 drill holes show high contents of base metals, 
with an average of 1.48% Cu, 1.77% Zn, 0.85% Pb (4.1% Cu+Zn+Pb), and silver (average 22 ppm in 45 samples). The ores 
are not so enriched in gold (0.14 ppm on average in 45 samples). A composite sample of least-altered greywackes and shales 
(host rocks) is used for comparison with mineralized samples. Mass-balance calculations were carried out to quantify chemical 
changes resulting from different alteration episodes. With the low solubility and low variance of Al (Al2O3) in moderately altered 
sedimentary country rocks compared with many other immobile trace components, Al2O3 is used as an immobile component for
 mass-balance calculations. There is a net mass increase in Fe2O3T, and MgO and a net mass decrease in Na2O, CaO, K2O, and 
SiO2 with chloritization. Carbonatization shows Fe2O3T, and MgO enrichment and SiO2 and Na2O depletion, implying that
ankerite, siderite and dolomite are predominant phases. SiO2 is enriched in silicified samples and depleted in other alteration 
types. There is no mass change in Cu, Pb and Zn with kaolinization, but these elements are enriched in other alteration types. 
Hg is enriched in all alteration types except kaolinization, which may even show a slight depletion. Samples from gossan with 
silicification showed an increase in SiO2, Fe2O3T, Cu, Pb, Hg, and Zn and a decrease in MgO, Na2O, CaO, and K2O. Some trace and major
elements have high variance in different alterations and are more complicated to interpret, such as P2O5, MnO, Ni, Co, and 
Rb.The REE contents of the composite host rock sample are enriched in the LREE relative to the HREE and moderately depleted 
in Eu and Ho. As a whole, samples with kaolinization and carbonatization (ankerite and siderite) have been enriched in REE 
contents and other wallrock alteration, including chloritization, dolomitization, kaolinization, minor sericitization, and silicifica-
tion, are depleted in REE. SEM-EDS evidence indicates that enrichment of REE-bearing phosphates, such as monazite, occurred 
with carbonatization and kaolinization assemblages.
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SAMPLE A3-110 A3-146 A3-171 A3-185 A6-16 A6-101 A6-141 A6-143 A6-179 CH-62 CH-109 CH-112 CH-123
SiO2 -26 -37 -44 45 -34 -24 0.1 -74 -26 36 88 12 179

Al2O3 0 0 0 0 0 0 0 0 0 0 0 0 0
Fe2O3 236 32 725 -35 -43 494 354 126 392 -10 27 67 -89
CaO 2.9 -64 20 -92 -35 -95 -92 -43 -94 -28 -89 -93 -74
MgO 0 -36 290 -77 -41 106 185 109 117 -24 -89 -47 -95
Na2O -99 -97 -99 -95 -96 -99 -99 -97 -99 -81 -99 -58 -87
K2O 313 -36 -95 -92 46 -91 -96 -99 -94 217 26 97 293

Cr2O3 -76 -69 -66 -77 -85 -74 -74 -71 -78 -75 -71 25 -61
TiO2 -10 -14 1.9 -3 -9.5 -10.4 -7.7 -18 -6.7 -6.9 18 0.8 20
MnO 19 67 292 -26 -26 122 345 153 234 79 -60 -15 -82
P2O5 19 -17 9.8 -5 14 -42 32 -61 18 12 7.2 32 -28
SrO -60 -74 -43 -61 -75 -14 -56 -76 -64 -59 -51 -65 32
BaO 305 -69 -66 -77 -71 -23 -74 -86 -78 170 47 25 18
LOI 124 63 517 19 14 223 148 177 61 2.4 -10 -32 -50
Total 11 -23 58 16 -26 24 29 -28 6.6 23 46 4.2 99
Ag 19 -23 72 16 -26 414 32 -29 8.0 23 47 316 97
Ba 234 -84 -95 -89 -70 -21 -65 -98 -94 155 24 0.7 12
Ce -28 -0.6 -39 -7 -4.2 -10 11 26 -0.8 -11 -5.2 4.0 24
Co 803 10 1069 1 17 519 454 -40 428 -48 287 -48 -91
Cr -30 -28 -8.7 -25 -52 -55 -6.5 -50 -30 -20 -13 -8.3 -65
Cs -46 -44 -69 -79 148 58 -94 -97 -85 -44 -40 -53 -10
Cu 47535 81 53096 2 124 51346 41479 -74 27810 175 39686 24980 13684
Dy -28 9.0 -27 9 -6.2 -10 16 -3 -8.4 8.0 -6.2 0.8 -16
Er -23 3.3 -31 10 -4.2 -3.5 19 0 -2.8 4.5 -4.2 -1.2 -21
Eu 19 -16 -14 -42 -26 -74 -21 -57 -46 11 33 4.0 -21
Ga -45 0.1 33 7 7.7 19 22 10 41 -24 36 -12 -39
Gd -32 1.3 -25 -3 -4.4 -10 11 6 -6.6 -3.6 -4.4 18 17
Hf -29 -39 -31 -7 -41 -23 -21 -14 -14 -1.6 18 -38 -21
Ho -21 28 -14 36 11 7.2 32 7 8.0 23 -1.8 4.0 -1.3
La -10 0.6 -43 -6 -7.7 -17 19 48 8.5 0.1 -0.4 -2.0 3.4
Lu -21 2.0 -43 16 -1.7 -14 32 19 8.0 23 -1.8 -31 -34
Mo 19 -23 504 16 -26 93 32 -29 8.0 23 47 4.0 97
Nb -26 -4.4 7.8 2 -7.8 -3.5 -0.7 34 -5.5 -7.8 -7.9 4.0 -1.3
Nd -31 -1.9 -34 -2 -0.6 -4.9 12 20 -2.6 -6.5 -3.9 7.9 37
Ni 62 64 -13 -2 -6.6 -26 18 -53 96 -20 -33 19 -87
Pb -16 -62 15 -23 35 1776 54 -64 -28 49 66 2465 25819
Pr -30 -3.2 -37 -3 -2.2 -8 11 24 -3.0 -10 -3.8 4.0 25
Rb 89 -24 -97 -93 72 -91 -96 -100 -96 85 16 34 152
Sm -31 2.0 -23 3 4.4 0.03 21 13 5.0 5.9 -5.9 13 37
Sn 2679 104 1107 171 -51 672 871 329 800 23 981 143 558
Sr -19 -67 -55 -95 -74 59 -90 -76 -97 -39 -76 -39 9.3
Ta -0.8 2.0 44 -3 -14 7 10 43 -10 2.5 23 -13 65
Tb -40 2.0 -43 -3 -14 -14 10 -5 -10 2.5 -26 4.0 -1.3
Th -26 5.2 7.8 2 1.4 -3.5 -0.7 34 8.0 -7.8 -7.9 4.0 -1.3
Tl 19 -23 72 16 -26 29 32 -29 8.0 23 47 25 137

Tm -21 2.0 -43 16 -1.7 -14 32 -5 8.0 23 -1.8 -31 -34
U -16 211 1.5 3 -18 59 17 34 8.0 16 47 4.0 167
V -52 -1.6 -25 -44 -10 -25 2.9 -15 -4.5 -10 5.3 -5.3 -65
W 138 -23 72 16 -51 114 209 67 728 23 47 4.0 97
Y -23 10 -24 15 -6.5 -3.2 19 -3 -7.6 15 -5.8 -8.9 -22

Yb -19 4.7 -18 10 -3.0 -5.2 12 5 -3.4 3.5 0.8 -1.5 -17
Zn 1869 -25 1544 -24 -22 16157 11041 200 646 7867 413 2742 2001
Zr -25 -42 -30 7 -38 -21 -10 -17 -22 5.5 18 -40 -37
Hg 5140 -23 1711 539 -26 8582 893 79 62 576 563 420 6022

Al  (Mass change data) –



(Gain and loss)  –
carb= Carbonatization (siderite, ankerite and dolomite); kaol= Kaolinitization;

oxid= Oxidation; oxid+q= Oxidation+silicification (Silicified gossan);  chl=Chloritization



Filename  MgO Al2O3 SiO2 P2O5 PbO ThO2
146g8.spc 8.29 1.67 2.28 20.31 1.17 26.68

Weight UO2  CaO Ce2O3  Nd2O3  FeO total
    % 3.66 11.93 3.44 1.53 19.01 100.06

Filename  MgO Al2O3 SiO2 P2O5 PbO ThO2
146g8.spc 20.25 1.61 3.74 14.09 0.52 9.95

Atomic UO2  CaO Ce2O3  Nd2O3  FeO total
     % 1.34 20.96 1.03 0.45 26.06 100

NASC REE

.(Post-Archean Average Shale) PAAS North American Shale Composite)

SEM-EDS  –



Sun (1982) REE
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