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Fig. 1. Geologic map of the Gheshlagh mine and location of it in Iran (after Jafarian, 2004).
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Fig. 2. Photomicrographs of the sandstone and coal bearing strata in the Gheshlagh mine. A: quartz, plagioclase, clay
and carbonate minerals in the footwall sandstones, B: clastic grains of quartz in the footwall sandstones. C: illite
aggregation in the footwall argillitic sandstones, D: fine grain carbonate groundmass in the hanging-wall shaly
sandstones, E: coal lamellas in the hanging-wall sandstones, F: bbended muscovite crystal (B in plan ploride light=PPL,
others in cross ploride light=XPL). Abreviations: Cal=Calcite, Chl=Chlorite, ILL=Illite, Ms=Muscovite,
Pl=Plagioclase, Qtz=Quartz.
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Fig. 3. Photo and photomicrographs of pyrite in the Gheshlagh mine coals. A:. fine-grained aggregates and veinlet of
pyrite, B: anhedral pyrites, C: subhedral to anhedral pyrites, D:. framboidal pyrite, E: chalcopyrite, F: hematite as the
supergene alteration of pyrite (all photomicrographs taken in reflected light). Abbreviation: Py=Pyrite,

Ccp=Chalcopyrite, Hem=Hematite.
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Fig. 4. A case of XRD diagrams for identification of unknown minerals in the Gheshlagh mine coals. A: identified
minerals in the coals of central tunnel, B: identified minerals in the coal ashs. Abreviations: Q=Quart, [=Muscovite-
Illite, A-Albite, K=Kaolinite, M=Montmorillonite.
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Table 1. Concentrations of major elements (%) and trace elements (ppm) in coals and coal gangues of the Gheshlagh
mine.

M-2 M-7 Z-1 0-2 F-1 W-3 WC-3 G-3 GC-3
g 38 3 @ @ 52 2% 383 22 3o o
E ‘;%, RS 3R A& S 38 33 =2 S 3]
Si0, 67.97 7583 4744 3637 4255 5479 50.08 58.66 59.68
TiO, 1.16 0.854 1234 0742 1781  2.901 1.933 1.031 1.022
ALO; 23.72 1687  30.12  20.63 2747  30.71 36.69 19.87 18.77
Fe,0; 1.97 1.41 3.76 2.24 1.74 0.92 0.90 6.57 6.64
MnO 1.026 0.16 0.026  0.08  0.051  0.068 0.027 0.281 0.163
MgO 0.99 0.32 2.06 1.34 0.76 032 0.41 1.82 1.66
Ca0 0.46 0.27 1.29 12.63 3.61 1.02 0.89 2.42 2.36
Na,0 0.27 0.16 0.28 3.86 0.57 0.23 0.33 0.53 0.58
K,0 2.06 0.86 1.58 0.18 0.10 0.83 0.86 2.20 2.07
P,0; 0.020 0012 0653  0.043  0.033  0.043 0.047 0.112 0.109
SO; 0.655 0285  4.068 1259 6566  1.147 1.080 3.225 2.935
cl 57 57 59 201 105 64 67 97 95
Ba 289 155 833 257 469 409 438 285 275
Sr 86 63 386 191 166 132 176 198 216
Cu 101 107 247 119 193 174 199 89 92
Zn 70 47 209 146 87 39 49 123 137
Pb 53 54 97 53 73 75 90 431 772
Ni 222 176 1377 348 755 632 753 187 206
Cr 116 107 239 40 179 279 322 192 148
\% 183 130 387 93 224 385 422 203 202
Ce 198 63 349 70 187 170 197 120 132
La 89 32 181 35 93 89 96 68 71
Ga 23 22 27 16 15 44 50 22 23
Nb 11 40 20 7 16 37 13 6 38
Zr 217 211 235 185 202 227 240 246 261
Y 50 44 108 39 41 56 66 60 64
Rb 33 26 29 2 9 17 10 79 82
Co 17 10 88 128 181 217 232 14 15
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Fig. 5. Correlation diagrams of major elements and percent of ashes in the Gheshlagh mine coals. A: bivariate diagram
of SiO, and ash, B: bivariate diagram of K,O and ash, C:. bivariate diagram of TiO, and ash, D: bivariate diagram of S
and ash, E: bivariate diagram of CaO and ash, F: bivariate diagram of Na,O and ash.
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Fig. 6. Correlation diagrams of major elements in the percent of ashes of the Gheshlagh mine. A: bivariate diagram of
MgO and Al,Os;, B: bivariate diagram of MgO and K,0, C: bivariate diagram of Al,O; and K,O, D: bivariate diagram
of K,0 and SiO,, E: bivariate diagram of Al,O3 and TiO,, F: bivariate diagram of Na,O and SiO,.
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Fig. 7. Correlation diagrams of trace elements and percent of ashes in the Gheshlagh mine coals. A: bivariate diagram
of Nb and ash, B: bivariate diagram of Rb and ash, C: bivariate diagram of Zr and ash, D: bivariate diagram of Ga and
ash, E: bivariate diagram of Cl and ash, F: bivariate diagram of Pb and ash.
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Fig. 8. Correlation diagrams of trace elements in the coal ashes of the Gheshlagh mine. A: bivariate diagram of Cl and
Si, B: bivariate diagram of Cl and Na, C: bivariate diagram of Cl and S, D: bivariate diagram of Sr and P, E: bivariate

diagram of Sr and Al, F: bivariate diagram of Ni and Pb.
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Table 2. Average and range concentration of trace elements in the Gheshlagh mine coals in comparison of the global
average and Clark concentration. The concentrations of these elements in the Shahrud and Lushan coals are given for
comparison (Data from Gluskoter et al., 1977; Swaine, 1990; Yazdi and Esmaeilnia, 2004).

Elements Gheshlagh Gheshlagh Lushan Shahroud The Global Clark
Average
(ppm) (Mean) (Range) (Yazdiand  (Gluskoter et (Swaine, (Swaine,
Esmacilnia, al., 1977) 1990) 1990)
2004)

Cl 101 57-201 115 150 - -

Ba 484.14 155-977 251 1700 20-1000 452
Sr 534.71 63-2719 440 2500 15-500 375
Cu 163.57 101-247 737 489 0.5-50 55
Zn 115.28 53-209 320 1600 5-300 70
Pb 7928 53-431 430 526 2-80 13
Ni 617 176-1377 2300 456 0.5-50 75
Cr 153.86 40-279 411 749 0.5-60 100
v 219.71 93-387 1300 1100 2-100 135
Ce 186.86 63-349 127 304 2-70 60
Nb 21.86 6-40 53 134 1-20 20
Zr 239.14 185-397 954 898 5-200 165
Y 62 39-108 237 237 2-50 33
Rb 16.71 1-79 98 228 2-50 90
Co 111.14 10-181 425 350 0.5-30 25

(Katupotha, 1989; wlooss LSis oo i ol Ll yo g S 35 A

ol cisl ygeige wnidgilS 5,15 Wang, 1994)
Glacy 5l (e ol DL GlSwle) ,0 ool

onls 9 S Sal polie (lsl lesls (gl jga>
50 s Ll e as s o lis 0,555 Jlade yog
(Widodo et al., 2010) lo,L3 slylao o5 LWL
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Introduction

The Alborz structural zone in northern Iran is the
host of a number of important coal deposits. The
Gheshlagh coal mine is one of them, which is
located 35 km southeast of Azadshahr. Coal
bearing strata in the Gheshlagh mining district
occur in the middle part of the Lower Jurassic
Shemshak Formation which consists mainly of
shales, siltstones and sandstones. The Geshlagh
coals have a low sulfur content and a low ash
yield. The ash content of coal and its geochemical
character depends on the environment of
deposition and subsequent geological history
(Yazdi and Esmaeilnia, 2004). The purpose of this
study was to investigate the texural  and
mineralogical characteristcs of the Ghashlagh
coals and to identify the geochemistry of the
major and trace elements and their relationship to
specific mineralogical components. These results
are necessary to improve the understanding of
coal characterization and to relate the mineralogy
of different materials to their potential for
producing acidic or alkaline mine waters
associated with mining and preparation
processes.

Materials and methods

About 20 samples were collected from the main
coal seams. These samples were taken from fresh
faces of the mine to avoid weathered surfaces and
get fresh samples. The petrography of the samples
was carried out by the conventional microscopic
methods at the Golestan University. Mineralogical
analyses were done by a X-ray diffractometer
equipped with a CuKa tube and monochrometer
(XRD Philips PW 1800) at the Kansaran Binaloud
Company. The coal samples were initially crushed
to less than 200 um and homogenized. Then, 50 g
from each sample was heated to 525 °C according

*Corresponding authors Email: gh.shamanian@gu.ac.ir

to the United States Geological Survey procedure
(Bullock et al., 2002). The concentration of the
major and trace elements in the resulting ash
samples was determined using a wavelength X-
ray fluorescence spectrometer (XRF Philips PW
1480).at the Kansaran Binaloud Company.

Results

The Coal-bearing formation in the Ghashlagh
mine belongs to the clastic unit of the Shemshak
Formation, consisting mainly of about 2400 m
sandstone, siltstone, shale. The middle part of this
formation includes the economic coal beds.
Petrographic and mineralogical investigations
indicate that the dominant mineral phases of the
Gheshlagh  coals are quartz, kaolinite,
montmorillonite, albite, muscovite, illite and
pyrite. Pyrite occurs as euhedral to anhedral
crystals and locally as framboids which are
disseminated in the coal. Oxidation products
consist mainly of iron hydrosulfate resulting from
the oxidation of pyrite.

The organic/inorganic affinity of elements in coal
was determined using the correlation coefficient
between the elements and ash yeild. Si, Al, Ti, Fe,
K, Na, Ga, Zr, Rb and Nb are mainly associated
with minerals. Sr, Pb and Ni have a dual
association. The concentrations of most trace
elements in the Gheshlagh coal samples are high
when compared with the usual reported range in
the world. The contents of Pb and Ni show the
highest concentrations.

Discussion

The Gheshlagh coals are characterized by
relatively low amount of sulfur indicating
deposition in lacustrine and swamp environments
(Goodarzi et al., 2006). The concentration of Ni,
V, Sr, Ba and Ce in the Gheshlagh coals are
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relatively higher than the Shahroud and Lushan
coals (Yazdi and Esmaeilnia, 2004). The
comparison of the concentration of trace elements
in the Gheshlagh coals and worldwide
concentrations (Swaine, 1990) indicates the
enrichment of Ni and Pb in the Gheshlagh coals.
Gluskoter et al. (1977) used a value of six times
the Clarke value to determine if an element is
enriched in the whole coal. By these criteria, the
concentration of Ni and Pb are enriched in the
Gheshlagh coals when compared with the Clarke
values.

Generally, the distribution and abundance of
reacting mineral species in the coal mines can be
used to predict the extent of acidification and
neutralization in particular area. In the Gheshlagh
coal mine, the frequency of pyrite is moderately
low. In addition, the availability of carbonates in
the host rocks provides buffering capacity for acid
produced by oxidation in this area. This
investigation has led to a better understanding of
coals and their roof and floor lithologies in the
Gheshlagh coal mine.
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