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Table 1. Organic carbon percent
45903 0 ylod S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
Sleslo s o 25 11 1.9 0.35 24 2.1 55 0.45 11 0.85 0.95 51
@ 290 s Jed pH g Eh -V Jgu
Table 2. Eh & pH of studied shales

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

pH 6.80 7.67 7.75 8.14 7.80 7.78 7.40 7.45 7.55 7.80 7.40 7.78

Eh(v) 18 -80 -90 -94 -88 -89 -82 -87 -85 -90 -100 -95

|13 IWE SV U T YE SUWIST SN SUWRCA U E U Y P g PR
Table 3. Concentration of heavy metals in shale rocks in ppm
43 g0d 0ylos Zn Pb Ni Cu Co Ag Cd
S1 8.4 164.5 8.23 38.23 41 44 0.23
S2 91.2 19.86 8.63 26.86 7.83 3.33 0.5
S3 50.4 16.33 11.3 40.06 6.33 2.7 0.76
S4 58 11.03 51.96 29.43 7.03 2.96 0.32
S5 438 134 37.96 21 5.73 4.06 3.7
S6 108 28.7 34.63 13.3 8.13 3.7 0.5
S7 716 41.06 37.3 11.83 6.36 3.33 0.5
S8 65.8 14.56 50.63 17.7 8.73 2.6 0.5
S9 100 28.7 61.96 375 11.13 2.96 0.76
S10 79 12.2 453 21 6.33 3.33 0.35
S11 28.2 28.7 49.3 41.9 10.83 3.7 0.35
S12 438 11.03 25.96 11.46 6.33 2.96 1.03
RSy 128.0 42.55 35.24 24.18 7.40 3.33 0.79
SD 147.51 51.09 18.18 11.42 2.05 0.54 0.94
Ll 00 (6 55 05la5l A/F ppm S9)

GBS g0 ¢ Sl Slge PH Lawsgs (g5, i
Sgdige JAS gy S 5 loily S (el 5 55
slgs b (55, (Bradl, 2005; Hudson and Wright, 2011)

ey J S id Jodome (S LaS oSl o T
1 Gy, wdale el g olisl (Kossoff et al., 2011)
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Fig. 2- Concentration of Zn, Mn and OC in ppm
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Table 4. Correlation coefficient between metals and OC

ocC Zn Pb Ni Mn Cu Co Cd Ag

Ag 0.14 0,08 0.82 -0.28 -0.45 0.11 0.04 0.28 1

Cd 017 0.78 0.46 0.03 -0.10 -0.12 -0.21 1

Co -03 -0.24 -0.52 0.63 0.46 0.20 1

Cu -0.38 -0.40 0.17 0.13 -0.02 1

Mn -0.03 0.29 -0.60 0.67 1

Ni -0.33 -0.02 -0.33 1

Pb 0.20 0.17 1

Zn 0.47 1

oC 1

S L HeTl polie - B Jgu
Table 5. Enrichment factor values
Aigod 0 ylouid Zn Pb Ni Cu Co Ag Cd

S1 0.08 7.47 0.11 0.84 0.20 62.85 0.92
S2 0.91 0.90 0.12 0.25 0.39 47.57 2
S3 0.50 0.74 0.16 0.89 0.31 38.57 3.04
S4 0.58 0.50 0.73 0.63 0.35 42.28 1.28
S5 4.38 6.09 0.54 0.46 0.28 58 14.80
S6 1.08 1.30 0.49 0.29 0.40 52.58 2
S7 0.71 1.68 0.53 0.26 0.31 47.57 2
S8 0.65 0.66 0.72 0.39 0.43 37.14 2
S9 1 1.30 0.88 0.83 0.55 42.28 3.04
S10 0.79 0.55 0.64 0.46 0.31 47.57 1.4
S11 0.28 1.30 0.70 0.93 0.54 52.85 1.4
S12 4.38 0.50 0.37 0.25 0.31 42.28 4,12
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Introduction: Irankuh Pb-Zn mine is located 20 km Southwest of Isfahan in the Zayandehrud River drainage
basin. Shale and carbonate are the host rocks of the ore deposits formed from high concentrations of Pb and
Zn. Weathering and erosion of the host rocks of ore deposits, waste water and waste materials arising from
mining have a potential for heavy metal pollution of running water, ground water and agricultural soils. The
main objectives of this investigation were to study the total concentration of Zn, Pb, Ni, Cu, Co, Ag, and Cd in
the shale deposits of the mine, and the physicochemical factors on their distribution and pollution.

Materials and methods: For measuring heavy metal values, twenty samples were taken from the shale
deposits. For distinguishing the shale-forming minerals, thin sections were prepared and studied with a
polarizing microscope. The rock forming clay minerals, after preliminary treatments (heating at 550°c, ethylene
glycol solvation), were detected by XRD and the organic carbon, calcium carbonate and Eh/pH of the shales
were then measured. Heavy metal values in the sample were measured by AAS after mineralization. The
correlation coefficient of organic carbon and manganese with metals and also metals-metals were calculated.
For comparison of the heavy metal concentration relative to their natural amount (in shale), the enrichment
factor was applied.

Results and discussion: The dark grey to olive-coloured shales in the studied area consisted of clay to fine silt
size. Quartz, biotite, muscovite, feldspar and clay minerals comprise the non-opaque minerals of the shales
while the clay minerals are illit (60-70%), kaolinite (9-27%) and chlorite (7-22%), respectively. Sphalerite,
pyrite and galena are the main opaque minerals in the mine. The mean OC content of the shale is about 2%
(0.35-5.5%) with less than 1% calcium carbonate. The pH of the samples is nearly neutral (6.8-7.8) and they
have an oxidizing to nearly reducing Eh (18 to -100 v).

* Corresponding Author. E-mail Address: hpakzad@sci.ui.ac.ir
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Conclusion: The average concentration of heavy metals in the shales were Zn=128.05>Pb=42.55> Ni=35.24>
Cu=24.18> Co=7.4> Ag=3.33> Cd=0.79 in ppm, respectively. A highly positive correlation between Ag-Pb-
Cd, Cd-Zn-Pb and Co-Ni-Mn and also a positive correlation between Zn with organic carbon demonstrate
geochemical convenient conditions for concentration of the metals. The calculated enrichment factor has
revealed extremely high enrichment for Ag and average for Cd. Other elements are depleted in the sediments.
Due to the relative high concentration of the metals and extent of the shales in the study area, activation of the
heavy metals under suitable conditions can be a potential source for environmental contamination in the
groundwater and runoff water of the basin.

Keywords: Concentration, Shale, Heavy metals, Enrichment factor.
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