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Abstract

Takht coal mine located in the Gheshlagh coal-bearing large synclinorium in northern flank of the
Alborz Mountains in East of Golestan province has been investigated for evaluation of concentration
of trace elements such as gallium (Ga), germanium (Ge), vanadium (V), scandium (Sc), uranium (U),
lanthanum (La) and cerium (Ce). Coal samples studied in this research were categorized into
bituminous, sub-bituminous-lignite, lignite and peat types according to chemical analysis of major
element (CHNS wt%) constructing the coals. ICP-MS analysis of coal samples show that most of
trace elements in Takht coal mine have very low concentrations to those of hard and brown coals
around the world, however they displayed slightly enrichment in V (up to 88 ppm), Zr (up to 96 ppm)
and Sc (up to 16) compared to global average concentration in coals. Low concentration of trace
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elements in the Takht coal mine could be attributed to inherent poverty of the Shemshak sedimentary
basin of such elements. It could be related to the absence of trace elements-bearing source rocks (e.g.,
granitoids, carbonatites, pegmatites and periodotites) as source rocks of Shemshak Group sediments
in the study area. Therefore, it seems that formation and evolution of the Shemshak Group is occurred
in a sedimentary basin with normal concentrations of the trace elements that led to formation of a
trace element-poor coals.
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Figure 1. Geological map of Takht coal mine and surrounding area (southeastern part of map 1: 250,000
Gonbad Kavous; Geological Survey Publications 1993)
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Table 1. Petrographic results and maceral identification in coal samples of Takht mine, Minoodasht,
Golestan province
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Figure 2. Images of mining tunnels a) coal seams, b-c) and coal samples (T-sample K19T5, d) sample
(K8T3, e) sample from layer f) from Takht mine, Minoodasht, Golestan Province
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Table 2. Organic and major elements analytical results in immature and high-grade coal samples from
Takht Mine, Minoodasht, Golestan province
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Figure 3. a) Determining the degree of coalification in the samples used in the present study on the van
Krevelen diagram (baseline diagram from Orem and Finkelman 2005), b)Volumetric percentage of
various macerals (Vitrinite Vit.; Inertinite In. and Liptinite Lip.) in high-grade coal samples from Takht
mine, ¢)Volumetric percentage of various macerals (Vitrinite Vit.; Inertinite In. And Liptinite Lip.) and
minerals in low-grade coal sample from Takht mine
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Figure 4. Reflected light microscopic images of macerals with different vitrinite reflectance percentages
in (a) high-grade coal sample (K19T5 sample) and (b) low-grade coal sample (K8T3) from the Takht
mine.
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Figure 6. Comparison of trace elements enrichment-depletion among high-grade coals (bituminous;

sample K19T5), low grade coals (lignite-sub-bituminous; samples K10T4 and K8T3), peat (lignite; coal
seam 3) and peat samples in the Takht coal mine
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Figure 7. Comparison of the average concentration of trace elements in coal samples from Takht mine

(average of bituminous and bituminous-lignite coal samples; K19T5, K10T4 and K8T3) with those of
other areas from the Alborz region, brown and hard coals of the world
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Table 6. Correlation coefficient between trace elements concentration and total organic carbon content

(TOC) in coal samples used in this study
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Introduction

Concentrations of some trace elements such as Ge, Ga, U, V, Se, rare earth elements (REES),
Y, Sc, Nb, Au, Ag and PGEs in a number of coal mines in the world to the extent of economic
exploitation of these elements. It is high (from hundreds to thousands of ppm). Such coals have
been introduced as metalliferous coals in which the concentration of trace elements is at least 10
times higher than the average concentration of these elements in the world's ordinary coal (Dai
and Finkelman, 2018; Seredin and Finkelman, 2008). Metalliferous coals have been used as raw
materials for the extraction of some precious metals for the past hundred years, such as the coal
mines of Wyoming and Utah in the United States for gold and silver in the late 19th and early
20th centuries (Jenney, 1903; Stone, 1912). Since World War Il, metalliferous coal has been a
major source of uranium production in Russia and the Commonwealth of Independent countries
and the United States. In the early 1960s, coal was used to recycle germanium (Ge) in Russia
and the Commonwealth of Independent countries, and to a lesser extent in the Czech Republic
and Slovakia (Jandova and Vu, 2001), as well as in the United Kingdom and Japan (Swaine,
1990). Metalliferous coal is currently used as a source of Ge in Russia, Uzbekistan and China,
and today coal can be considered as the main source of Ge for the global industry (Holl et al.,
2007). Iran containing about 3700 million tons of coal reserves and annual production of 2
million tons of crude coal and about 1,000,000 tons of coal concentrate is among the countries
with major coal reserves in the world (Zadeh Kabir, 2011). Due to the high cost of coal
production in Iran, the extraction of trace and precious metals from the products of raw coal as
well as from waste from coal consuming industries (such as steel and coke) can increase.
Concentration of trace and strategic elements in Iranian coal reserves from both economic
geology and environmental perspectives has been done in several research works (Yazdi and
Esmaeilnia, 2004; Goodarzi et al., 2006; Yazdi, 2012; Moore and Esmaeili, 2012; Aftabi et al.,
2015). In most of these studies, the concentration of trace and strategic elements is mainly
higher than Clarke and the threshold grade of these elements and comparable to the average
concentration of coal in the world, but much lower than the cut-off-grade for the extraction of
these elements from coal ash. The present study evaluates the concentration of trace and
strategic elements in the coal of Takht mine to determine the coal potential of this mine for trace
and strategic elements.

Geologic setting
Takht coal mine near Takht village in the southeast of Minoodasht town in Golestan
province and in terms of regional geology, this mine is located in the large coal syncline is
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called Gheshlagh synclinorium on the northern slope of the Alborz mountain range. The total
coal reserves in Gheshlagh synclinorium are estimated at 450 million tons, which includes 231
million tons of potential reserves (Razavi Armaghani and Moin Sadat, 1993). The lithological
units present in the Takht area are Paleozoic (including Lalon, Mila, Padha, Khoshilaig,
Mubarak, Doroud and Ruteh) and Mesozoic Formations (Elika, Shemshak, Delichai and Lar). A
basaltic horizon belonging to Silurian (probably equivalent to Sultan Maidan basalts) is also
present in the north of Takht region between the units of Mila and Padha Formations. Most of
the coals in the Takht area belong to the Upper Triassic and the Lower Jurassic (Shemshak
group; East Alborz Coal Mining Company, 2009). The thickness of the coal zone of the area is
about 600 meters and the total number of coal layers in it is about 26 layers (East Alborz Coal
Mining Company, 2009). The number of layers of coal that can be mined in the region is 6
layers of coal on which geological operations are focused (layers K20 - K19 - K17 - K11 - K10
- K8; East Alborz Coal Mines Company, 2009). One of the advantages of coal mining in this
region is the proximity of the mineable layers to each other. The thickness of the mineable coal
zone is about 150 meters and all the mineable layers are located in this section. The total
thickness of the coal layers that can be mined in this section is 10.87 meters. The study of the
quality of coal in the Takht area has shown that the moisture content of coal seams is between
1.8 - 1.2%, ash content between 44.7 - 11.2% and volatiles between 37.5 - 34.2 (East Alborz
Coal Mining Company, 2009). According to the classification of industrial coals in Iran, Takht
coal mines are a oily gas type that alone has an extremely weak coking ability (East Alborz Coal
Mining Company, 2009).

Material and methods

To achieve the objectives of the research, sampling of coal seams being mined in 3 tunnels
No. 3, 4 and 5 (layers K8, K10 and K19) and layers of peat (3 Layer) was done on the entrance
roads to the mine. After crushing and pulverizing in porcelain mortar, some of the samples were
prepared as representative samples for chemical analysis, and some of the polished sections
were prepared for coal petrography and maceral type identification in 2 samples (i.e., K19T5
and K8T3). Chemical analysis for organic elements (i.e., organic carbon, hydrogen, sulfur and
nitrogen), major elements (SiO,, Al,O3, Na,O, K,0, Fe,03;, CaO, MgO, MnO, P,0Os) and trace
elements (including 48 transition elements, metalloids, non-metallic elements, La and Ce of rare
earth elements and U and Th of radioactive elements) in 3 samples from Takht mining layers
(K8, K10 and K19 coal layers) and 3 samples of 3 immature coal seams carried out in the
Research Institute of Petroleum Industry of Iran (for organic elements and major elements
analysis using XRF) and MSALABS in British Columbia, Canada (for trace element analysis
using ICP-MS). Statistical data processing was performed using Excel and SPSS programs.

Results and discussion

Based on the analysis of organic elements in the coal samples used in this study, the coals
are divided into 3 categories including bituminous coal (sample K19T5), semi-bituminous-
lignite (samples K10T4 and K8T3), lignite (coal seam No. 3) and peat (samples related to coal
seams No. 1 and 2). The amount of sulfur in the studied samples is very low ranging from 0.03
wt% (in peat) to 0.83 wt% (in semi-bituminous-lignite coal) percent. Hydrogen (Hy) in the
samples is from 7. 2 wt% to 4.6 wt% and the amount of nitrogen (N,) ranged from 0.5 wt% to
1.5 wt%. Oxygen (O,) has the highest value (17.88 to 18.81%) in peat samples and the lowest
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value (10.6%) in bituminous coal samples. Based on temperature-depth simulations performed
on coal samples using Rock-Eval pyrolysis analysis, the studied coals had a geological
temperature formation from 70 to 80 °C during the coalification process. They can be matched
to a depth of 2 to 2.5 km for diagenesis in the studied coal basin. Petrographic results of two
samples of high grade coal (K19T5) and low grade (K8T3) of Takht mine are consistent with
the combination of known macerals for bituminous coal (mainly vitrinite and less inertinite and
leptinite) and lignite (mainly composed of minerals and less has maceral vitrinite-type).
Comparison of average concentrations of metalloid and non-metallic elements between coals of
Takht mine (average bituminous and bituminous-lignite coals) and brown as well as hard coals
of the world and also coals of other areas from the Alborz region and Clarke of the elements It
has been shown that the studied coals have concentrations mainly in the Clarke range of the
elements. However, they have higher mean concentrations for Ga, As and Sb than the coals of
other areas of the Alborz region, but they have the mean concentrations of Bi, Ge, In, Tl, Se and
Ta similar or close to each other and much lower mean concentrations for Pb. The average
concentration of granophile and lithophile elements (Li, Be, Rb, Sr, Ba, Cs) in the studied coal
samples (bituminous and bituminous-lignite) is less than the average concentration of these
elements in brown coal and hard coals of the world, the coal of other areas of the Alborz region
and Clarke of these elements. The average concentration of Li in coal samples of Takht mine is
close to the average concentration of this element in coal samples of other areas of the Alborz
region. Comparison of enrichment-depletion of transitional, rare earth and radioactive elements
between high-grade, low-grade, and peat samples in Takht mine showed that high grade coal
compared to low grade coal and peat samples enriched in Sc, Co, Ni, Cu, Y, Zr and Hf elements
and in other transitional elements, rare earth (La and Ce) and radioactive (Th and U) depleted.
High-grade coal samples compared to low-grade ones and peat samples has shown the highest
depletion in rare earth elements (La and Ce) and radioactive elements (Th and U), W, Mo, Cd,
Zn and Cr. Low-grade coal samples compared to peat in trace elements except Zn and Hf show
significant depletion, and depletion in Sc, V, Co, Cu, Hf, Zr and U in low- grade coal samples
compared to peat is more noticeable but these shows a slight enrichment in La, Th, Mo and Ag.
Peat appears to be richer than low-grade coal and high-grade coal in trace elements (especially
for Th, U, Ce, Cd, Mo, Nb). The relationship between the concentration of trace elements and
the amount of organic carbon (TOC) in the studied coal samples showed that with the exception
of Sn (Sn - TOC: r =+ 0.70) and Be (Be - TOC: r=+ 0.35) there is a moderate to significant
negative correlation.

Conclusion

The most important results of this study showed that: 1-The coals of Takht mine, due to the
low to medium burial depth of coal deposits (between 2 to 2.5 km with a temperature of 70 to
80 °C) in the best degree of coal from sub-bituminous to bituminous type do not exceed. 2-
Petrography of macerals showed that bituminous-type coal is mainly composed of vitrinite- type
maceral and to a lesser extent of inertinite- and liptinite-type macerals. In contrast, low-grade
lignite-type coal is mainly composed of minerals and only 27% of its volume is maceral of
vitrinite-type and to a much lesser extent of inertinite and leptinite. 3- Comparing the trace
elements concentration in coals of Takht mine and the average concentration of trace elements
in the world brown and hard coals showed that the coal of Takht mine like to those of other
areas of the Alborz region are poor of trace elements. 4- The lack of suitable source rocks for
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trace elements (such as granites, carbonates, pegmatites and peridotites) as the protolith of
Shemshak group sediments can be introduced as one of the main reasons for the inherent
poverty of the coals of Takht mine and other areas of the Alborz region from trace elements.
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