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Garnet skarn zone Pyroxen-garnet skarn

Sample N1-B-1 N1-B-2 N1-B-3 N1-B-4 N1-B-5 N11-A

Comment Core| | Rim Core | | Rim Core | Rim |Core | Rim | Core | Rim | Core | | Rim

Major Oxids ,weight percent

Sio, 37.56 | 38.24 | 38.65 | 38.56 | 38.77 | 37.76 37.92 37.87 | 38.56 | 37.95 | 37.62 | 38.73 | 36.96 | 37.42 | 36.98
TiO, 0.04 | 0.04 | 0.02 0.03 0.05 | 0.00 0.02 0.01 0.00 | 0.00 | 0.00 | 0.00 0.20 0.25 0.12
ALO, 0.86 | 0.90 | 0.88 0.16 0.12 | 0.15 0.13 0.15 0.16 | 0.01 1.37 | 1.21 6.46 5.71 6.46

FeO 26.84 | 27.52 | 26.54 | 27.64 | 26.59 | 27.74 | 27.60 27.62 | 26.80 | 27.28 | 26.60 | 25.86 | 23.34 | 23.17 | 22.93

MnO 142 | 1.21 0.94 0.97 1.00 | 0.98 0.91 1.00 0.90 1.30 | 1.03 | 1.00 2.05 1.83 2.46

MgO 0.04 | 0.02 | 0.00 0.04 0.05 | 0.03 0.00 0.03 0.01 0.03 | 0.04 | 0.01 0.05 0.08 0.07

CaO 31.65 | 30.92 | 31.47 | 31.41 | 31.76 | 31.50 31.73 31.69 | 31.94 | 31.59 | 32.26 | 32.04 | 30.98 | 30.88 | 30.78

Total 98.41 | 98.85 | 98.50 | 98.81 | 98.34 | 98.16 98.31 98.37 | 98.37 | 98.16 | 98.92 | 98.85 | 100.04 | 99.34 | 99.80

Number of ions on the basis of 12 oxygen atoms and garnet end member normative calculation

Si 3.12 | 3.17 3.21 3.20 3.23 3.15 3.16 3.16 3.21 3.17 | 3.10 | 3.20 2.98 3.04 2.99

Ti 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.01 0.02 0.01

Al 0.08 | 0.09 | 0.09 0.02 0.01 0.01 0.01 0.01 0.02 | 0.00 | 0.13 | 0.12 0.61 0.55 0.62

Cr 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00
Fe** 1.67 | 1.57 1.50 1.58 1.53 1.68 1.66 1.67 1.57 1.66 | 1.66 | 1.49 1.40 1.34 1.40
Fe** 020 | 034 | 0.34 0.34 032 | 0.26 0.26 0.25 030 | 025 | 0.18 | 0.29 0.17 0.23 0.15
Mn 0.10 | 0.08 0.07 0.07 0.07 | 0.07 0.06 0.07 0.06 | 0.09 | 0.07 | 0.07 0.14 0.13 0.17
Mg 0.00 | 0.00 | 0.00 0.00 0.01 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.01 0.01 0.01

Ca 2.82 | 275 2.80 2.79 2.83 | 2.82 2.83 2.83 285 | 283 | 2.85 | 2.83 2.68 2.69 2.66
OH 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00
Total 8.00 | 8.00 8.00 8.00 8.00 | 8.00 8.00 8.00 8.00 | 8.00 | 8.00 | 8.00 8.00 8.00 8.00
Almandine | 6.43 | 10.68 | 10.73 | 1049 | 9.94 | 8.30 8.35 8.00 9.23 7.79 | 5.64 | 9.14 5.67 7.58 5.13
Spessartine | 3.20 | 2.68 2.06 2.13 2.18 | 2.20 2.03 2.24 198 | 290 | 232 | 2.19 4.68 4.12 5.62
Pyrope 0.16 | 0.08 0.00 0.15 0.19 | 0.12 0.00 0.12 0.04 | 0.12 | 0.16 | 0.04 0.20 0.32 0.28
Grossular | 435 | 459 | 474 0.85 0.67 | 0.78 0.68 0.78 088 | 0.05 | 6.82 | 6.48 | 27.21 | 2546 | 27.22

Andradite | 85.87 | 81.97 | 82.47 | 86.37 | 87.02 | 88.60 88.94 88.86 | 87.87 | 89.14 | 85.05 | 82.16 | 62.23 | 62.52 | 61.75

Uvarovite | 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00
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Element | N10-B | N10-A | N11-A | N11-B | N12-A | N12-B Avrage
La 9 8 8 8 10 10 8.83
Ce 27 20 21 28 28 26 25
Pr 4.5 3.17 3.27 5.48 4.46 443 4.22
Nd 22.9 15.4 12.9 25.8 18.3 19 19.05
Sm 6.84 4.56 2.78 6.01 4.18 4.46 4.81
Eu 1.31 0.91 0.79 1.63 1.2 1.28 1.19
Gd 6.09 4.28 2.46 5.67 4.07 432 4.48
Tbh 0.64 0.45 0.25 0.68 0.48 0.5 0.5
Dy 3.39 2.59 1.74 3.95 2.89 2.98 2.92
Ho 2.44 1.87 1.26 2.97 2.16 2.23 2.15
Er 1.48 1.14 0.78 1.99 1.43 1.48 1.38
Tm 0.17 0.14 0.05 0.26 0.18 0.18 0.16
Yb 2.10 2.00 1.70 2.20 2.00 1.90 1.98
Lu 0.17 0.15 0.12 0.25 0.19 0.19 0.18

>REE 88.03 64.66 57.10 | 92.89 | 79.54 78.95 76.85

EET 53 i, 5 Ll Koo (slads 3 (BOYNON, 1984) Ly ykiS” a4 S 0k Jlonigy (S OlaS juolio jy3lie ¥ st

Garnet Garnet Garnet | Garnet | Garnet | Garnet
Element Sandstone Granite Monzonite Limestone
N10-B N10-A N11-A N11-B N12-A N12-B
La 12.90 70.97 74.19 25.81 29.03 25.81 25.81 25.81 32.26 32.26
Ce 1.24 43.32 53.22 13.61 33.42 24.75 25.99 34.65 34.65 32.18
Pr 7.54 30.98 42.95 8.11 36.89 25.98 26.80 44.92 36.56 36.31
Nd 6.67 22.67 37.17 7.17 38.17 25.67 21.50 43.00 30.50 31.67
Sm 5.85 16.10 30.05 6.15 35.08 23.38 14.26 30.82 21.44 22.87
Eu 2.45 8.16 20.68 2.59 17.82 12.38 10.75 22.18 16.33 17.41
Gd 5.90 11.27 25.60 421 23.51 16.53 9.50 21.89 15.71 16.68
Tb 1.05 8.23 22.15 1.05 13.50 9.49 5.27 14.35 10.13 10.55
Dy 2.95 8.60 21.12 2.98 10.53 8.04 5.40 12.27 8.98 9.25
Er 1.90 7.57 21.43 1.86 7.05 5.43 3.71 9.48 6.81 7.05
Tm 1.54 7.10 18.52 1.54 5.25 432 1.54 8.02 5.56 5.56
Yb 0.12 4.78 19.14 0.96 10.05 9.57 8.13 10.53 9.57 9.09
Lu 1.55 8.39 18.63 1.55 5.28 4.66 3.73 7.76 5.90 5.90
FOET s Caleiee Ko sladl5 5> (Boynton, 1984) &y yukiS 4 Sl ok slovigs (S OlaS” polie S dlons —F U
Garnet | Garnet | Garnet | Garnet | Garnet | Garnet | Avrage
Monzonite | Granite | Lime stone | Sand stone
N10-B N10-A | N11-A | N11-B | NI2-A | NI12-B | garnet
> REE 130.75 89.47 29.15 14.49 88.03 64.66 57.10 92.89 79.54 78.95 76.85
(La/Yb)n 3.88 14.83 26.97 107.87 2.89 2.70 3.17 2.45 3.37 3.55 3.02
(Gd/Yb)n 1.34 2.36 0.03 0.00 2.34 1.73 1.17 2.08 1.64 1.83 1.80
(La/Sm)n 2.47 441 4.19 2.21 0.83 1.10 1.81 0.84 1.50 1.41 1.25
(Pr/Yb)n 2.24 6.48 8.48 63.04 3.67 2.72 3.30 427 3.82 3.99 3.63
Ce/Ce* 0.91 0.85 0.80 0.12 1.01 0.96 0.99 0.98 1.01 0.94 0.98
Eu/Eu* 0.74 0.60 0.50 0.49 0.61 0.62 0.90 0.84 0.88 0.88 0.78
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Abstract

The Aghbolagh iron-copper skarn is located in ~21 km north of Oshnavieh, southwest of West-Azarbaidjan province. The intrusion of
Cretaceous granitic body into the Cambrian Barut, Zagun, and Lalun Formations (carbonate, shale and sandstone) was accompanied by
development of calcic-type skarn, hornfels and marble in the study area. The garnets of the Aghbolaghskarn belong to solid solution series of
grossularite-andradite in which andradite is the dominant phase (>80%). These garnets are isotropic and lack zonation. The pattern of REE
distribution in these garnets shows the enrichment of LREE relative to HREE and also the occurrence of negative anomalies of Eu/Eu* and Ce/
Ce*. The comparison of the distribution pattern of REE in garnets with those in igneous (granite and monzonite) and sedimentary (carbonates
and sandstones) rocks demonstrates that the REE in garnets were derived mainly from the igneous rocks rather than the sedimentary units. The
increase in Pr/Yb ratios in parallel with increase in the ZREE is indicative of the magmatic origin of the ore-forming fluids in the Aghbolagh
skarn. However, the lack of sensible variations between Ce/CE* and ZREE values indicate that the meteoric waters might have also played a

part in skarn-forming fluids at Aghbolagh .
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