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Fig. 1. Geological map of the Tazare Coal Mine
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Fig. 2. The location of the spoil samples of the Tazare Coal Mine
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Table 1. Description of the representative spoil samples of the Tazare Coal Mine
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Fig. 3. Enrichment Factor values of potentially toxic elements in the spoil samples of the Tazare Coal Mine
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Table 2. The concentration of major oxides in the spoil samples of the Tazare Coal Mine (in %) compared with the
average values of major oxides in the Mean Crust (Mason and Moore, 1982)
Na;O SiO2 ALOs; CaO MgO Fe03 P20s TiO2 K20

1 0.2 57.7 19 0.4 2.3 9.3 0.1 1.9 7.6
2 0.1 56.4 19.1 1 2.3 8.7 0.1 1.8 6.6
3 0.2 59.1 22.5 0.2 2.1 6.5 0.1 1.6 6.8
4 0.2 57.3 20.6 0.7 2.6 9.1 0.1 1.6 6.2
5 0.1 54.4 232 1.1 1.8 7.7 0.1 1.8 6.6
6 0.2 50.1 21.3 1.1 1.7 12.1 0.2 1.8 6.4
7 0.1 52.6 26.3 0.9 1.8 6.3 0.1 2.1 7.4
8 0.1 50.3 25.1 0.8 2.1 9.2 0.1 1.9 7.5
Mean crust 3.91 60.18 15.61 5.17 3.56 3.88 0.3 1.06 3.19
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Table 3. The concentration of potentially toxic elements (mg/kg) and total S (%) in the spoil samples of the Tazare Coal
Mine (in %) compared with the average values of major oxides in the Mean Crust (Mason and Moore, 1982)
Cu Mn Ni As Cr Pb Zn Fe S
400 697 500 70 900 180 1800 65123 0.7
500 774 500 100 1200 200 2000 60646 2.1
400 464 400 10 1200 140 1700 45257 0.3
400 1084 600 90 1300 200 2100 63024 0.9
600 697 500 50 1600 300 2300 @ 49524 1.8
800 1084 700 170 2500 800 2700 83459 35
600 387 600 10 1300 300 2400 @ 44418 1.5
700 851 800 50 1200 300 2200 64773 1.9
Mean crust 55 950 75 1.8 100 15 70 50000 0.026
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Fig. 4. Pyrite in the spoil samples of the Tazare Coal Mine
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Table 4. The mineralogical composition of the spoil samples of the Tazare Coal Mine
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Fig. 5. Pyrite, marcasite, and arsenopyrite in the spoil samples of the Tazare Coal Mine
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Table 5. The results of the static tests of AMD prediction in the spoil samples of the Tazare Coal Mine (EC values in

pus/cm)

pH EC MPA ANC NAPP NP AP
1 6.7 1580 21.4 11.8 9.7 28.3 21.9
2 5.3 4340 64.3 10.3 54 25.3 65.6
3 7.1 1950 9.2 14.2 -5 29.8 94
4 7.3 3295 27.5 16.7 10.9 31.8 28.1
5 5.5 2710 55.1 10.8 443 30.3 56.3
6 5.6 3985 107.1 8.8 98.3 30.8 109.4
7 6.4 2760 45.9 13.7 322 29.3 46.9
8 6.5 2745 58.1 13.2 44.9 28.5 594

NNP NAP NAG NPR (NP/AP) ANC/MPA NAG/NAPP
1 6.4 19.5 1.1 1.3 0.55 0.17
2 -40.4 15.2 1.6 0.4 0.16 0.03
3 20.4 6.8 -2.8 32 1.55 0.63
4 3.6 6.3 3.1 1.1 0.6 0.26
5 -26 14.2 1.4 0.5 0.2 0.03
6 -78.6 18.7 1 0.3 0.08 0.01
7 -17.6 12.7 1 0.6 0.3 0.03
8 -30.9 39 0.9 0.5 0.23 0.02
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Fig. 6. The total S vs. NNP values diagram
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Fig. 7. The position of the spoil samples of the Tazare Coal Mine on the geochemical diagrams
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Abstract

The Tazare Coal Mine is located in the Eastern Alborz structural zone, NE Iran. The present study aims
to investigate the mineralogical and geochemical characteristics of spoils produced in Tazareh coal
mine, and to evaluate the potential of the waste materials to produce acid mine drainage as a result of
oxidation processes. For these purposes, 8 representative spoil samples were collected, and the
mineralogy, geochemistry, and static geochemical tests were carried out. Mineralogical studies indicate
the presence of pyrite, chalcopyrite, arsenopyrite, chalcocite, marcasite, albite, kaolinite and quartz in
the studied samples. Pyrite presented as angular, spherical fragments and framboidal aggregates, or as
filling the fissure. The studied samples were not enriched in Mn and Fe, whereas they were significantly
enriched in Ni, Cr, Cu, Pb, highly enriched in as and Zn. The highest concentration of elements was
recorded in sample no. 6. On the basis of the results of static tests of acid mine drainage prediction, the
pH of saturated paste was higher than 4 and the electrical conductivity of saturated paste of 6 samples
was higher than 2000 pus/cm. According to static test results, the studied samples, especially samples no.
3 and 6, were of acid producing potential. This conclusion was confirmed by field observations. The
obtained results in this study show the necessity of tackling the environmental management measures

in the Tazare Coal Mine district.

Keywords: Acid Mine Drainage, Static Tests, Spoil, Tazare, Toxic Elements

Introduction

Exploitation of coal mines is associated with
many environmental problems such as land
degradation, subsidence and mine collapse,
mine fires, toxic gas leaks, mining explosions,
accumulation of large amounts of tailings due
to mining and processing, increased flood risk,
noise pollution, dust generation and air
pollution, pollution of surface and groundwater
resources, soil pollution, production of acid
mine drainage and release of potentially toxic
elements .Acid mine drainage (AMD) is one of
the biggest environmental issues of the mining
industry all over the world. The generation of
AMD results in the release of major and minor
toxic elements (e.g., Ba, Cd, Pb, Ni, Co, Mn,
As, Cu, Zn and Hg) into the environment which
may degrade the quality of the environment.
Coal spoils typically contain large amounts of
sulphide minerals, especially pyrite and
marcasite. The dissolution and oxidation of
these minerals plays the main role in the
production of acidic mine drainage/

Considering the environmental issues caused
by the AMD generation, the prediction of
AMD production in coal mines in which large
amounts of mineral tailings are produced is of
crucial importance. There are several methods
to evaluate and predict the production potential
of AMD, the most common of which are static
tests. In static tests, the rate of acid production
or consumption is calculated, and the balance
between acid production processes (oxidation
of sulphide minerals) and acid neutralization
processes (dissolution of carbonates and
weathering of silicates) can be evaluated.
Tazare coal mine is located 45 km NE of
Damghan city. Coal mining and extraction in
the area has caused the production of a large
amount of spoil materials to be dumped around
the mine. The main objective of the present
study is to investigate the potential of AMD
production by the spoils dumped around the
mine, using mineralogical and geochemical
studies, as well as static tests of AMD
prediction.
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Materials and methods

8 representative spoil samples were collected
in the mining area. Each representative sample
consists of 15 to 20 subsamples, the
subsamples were combined to obtain a
representative sample in each sampling site.
The samples were crushed and homogenized in
and then they were passed through a 200 mesh
(75 p) sieve. Then, the sieved samples were
oven-dried at 105°C for 2 h. X-ray Diffraction
analysis (XRD; Model: a Phillips PW1800)
and reflected light microscopy were applied to
identify the minerals in the samples. The
concentrations of major oxides and potentially
toxic elements were measured by an X-ray
fluorescence (XRF) instrument (Model:
Shimadzu-1800). To assess the level of
element’s accumulation in the samples,
enrichment factor (EF) was calculated:
EF=M,/C)/(M2/Cy)

where M1 and C1 are respectively the
concentration of the target element and the
normalizing element (Al) in the studied
sample, and M2 and C2 represent the
concentration of the target element and the
normalizing element (Al) element in the
reference  material (the mean  Crust
composition), respectively.The static methods
used in this study included:

1- Measurement of pH and Electrical
Conductivity (EC) of saturated paste

2- Evaluation of acid production or
consumption (North American method)

v Calculation of the Maximum Potential
Acidity (MPA)

v Acid Neutralizing Capacity (ANC) test

v Calculation of Net Acid Producing
Potential (NAPP)

3- Static tests of acid-base accounting (ABA)

o Acid Potential (AP) test

o Neutralization Potential (NP) test

o Net Neutralization Potential (NNP)

4- Net Acid Generation (NAG) test

5- Net Acid Production (NAP) test.

The static tests of AMD production were
carried out based on the MEND (2001)
methods.

Results and discussion

The obtained results showed that the
concentration of Fe oxides and S in the studied
samples were much higher than their respective
values in the mean Crust composition, which

pointed out to the presence of large amounts of
pyrite, marcasite and arsenopyrite in the
samples. The samples were depleted in CaO
Compared with the mean Crust composition.
These findings indicate the possibility of the
formation of AMD by the tailings of the Tazare
coal mine. The concentrations of Cu, Ni, As,
Cr, Pb and Zn in all samples and the
concentration of Mn in two samples were
higher than their values in mean Crust
composition. The high concentration of these
potentially toxic elements in the studied
samples is probably related to the presence of
sulphide minerals. The average value of the
enrichment factor of the studied elements
decreased in the following order:

As (28)>7Zn (21) >Pb (14) > Cr (10) > Cu (7)
> Ni (5) >Fe (1) > Mn (0.5)

According to Sutherland's classification
(Sutherland, 2000), the spoil samples of the
Tazare mine were not not enriched in Mn and
Fe. However, they were significantly enriched
in Ni, Cr, Cu and Pb, and were highly enriched
in as and Zn. Therefore, in case of production
of AMD by the spoils of the Tazare mine, the
pollution of surface and groundwater resources
and the soil was possible.  Microscopic
investigations indicated that the samples
contained pyrite, marcasite and arsenopyrite as
cavity filling, fissure filling, amorphous,
subhedral and framboidal aggregates. Based on
the results of XRD analysis, the minerals
present in the Tazare mine spoils included
quartz (SiO,), kaolinite (AlLSi»Os (OH).),
albite (NaAlSizOs), pyrite and marcasite
(FeS»), arsenopyrite (AsFeS»), and chalcocite
(CU2S).

The pH and electrical conductivity (EC) of the
saturated paste samples were more than 4 and
2000 (uS/cm) respectively, confirming the
possibility of AMD production by the spoil
samples. Positive values of NAPP was an
indication of acid production
potential. Moreover, the ANC/MPA <1 shows
the potential of acid generation by the samples.
The obtained results in the present study
showed that except in one sample, the NAPP
values were positive the ANC/MPA ratios
were less than 1, which indicates the possibility
of AMD production by the spoil samples of the
Tazare mine. NNP > +20, showed that the
sample was of no potential to produce AMD,
but NNP is < -20 confirms the potential of
AMD production. NNP value between +20 and
-20 (20 < NNP < +20) indicates that the
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sample was uncertain for acid production.
Also, by dividing NP by AP, the NPR ratio is
obtained:

NPR = NP(Kg CaCO; t™1)/AP(Kg CaCO; t™1)
NPR usually varies between <1 and > 4. NPR
< 1 indicates that the sample is of acid
production potential. Samples with NPR>4 do
not produce acid. The NNP value of samples 2,
5, 6 and 8 is < -20, confirming their potential
to produce AMD. The NPR ratio in samples 2,
5, 6, 7 and 8 was < 1; therefore, these spoils
have the potential to produce AMD. This ratio
was > 1 and <4 for samples 1 and 3,
respectively, thus were uncertain with respect
to AMD production. Based on the results of NP
test and AP calculation, samples no. 6 and 2
had the highest acid production potential. The
lowest NP corresponded to sample no. 2, which
showed the acid neutralization potential of this
sample was lower than its acid production
potential, confirming the possibility of AMD
formation by this sample. NAG pH < 4.5
indicates the possibility of AMD production.
Also, the NAG/NAPP < 0.5 indicates that non-
sulfide sulfur (primary sulfates, organic sulfur,
elemental sulfur) is present in the sample, and
as a result, there is a possibility of producing
AMD. the NAG/NAPP ratio greater than 0.5
indicates a lack of acid production potential.
The results of this study showed that in samples

no. 1,2,4,5, 6,7 and 8, NAG pH values were
less than 4.5. Sample no. 3 showed a NAG pH
value > 4. NAG/NAPP value was higher than
0.5 in sample no. 3. On the other hand,
according to the negative NAPP values of
sample 3 and the positive NAPP values of other
samples, except for this sample, other samples
of Tazareh coal mine tailings are classified as
PAF (having the potential of AMD formation).
In other words, the acid production capacity of
these spoils was more than their acid
neutralization potential. Spoils no. 8, 1 and 6
have the highest NAP, respectively, and
therefore they are of the potential to produce
AMD.

Conclusion

The results of this study show that spoils no. 3
and 4 probably do not produce AMD or they
have a lower potential for acid production.
These two samples showed the lowest
percentage of sulfur. Moreover, the
concentrations of as and Pb in these two
samples were very low. On the other hand, in
the spoil samples no. 6 and 2, the lower values
of NPR and the higher values of MPA, AP,
NAG and NAPP confirmed the potential of
these elements to generate AMD. The obtained
results show that environmental management
of dumped spoils in the study area is necessiry.



