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Elt
o)
Mg
Al
Si

Fe
Zn

.
9 oty

120003

11000

10000-3

90005
8000
7000

6000

5000-2]

40003

ZnLo
FelLa

3000

2000—=

10003

o

Int Error
242.8  3.8675
7.8  4.1150
50.0 4.1769
39.8  4.2388
1941.6 33.4091
470.0 0.7669
3.6 0.5445

K
0.1262
0.0014
0.0086
0.0071
0.4487
0.3996
0.0085
1.0000

A b
FeKa
FeKB 7nka znkp keV
: »

Kr W% A% ZAF Pk/Bg LConf HConf
0.0956 25.32 4588  0.3777 15.96 24.88 25.77
0.0010 0.19 0.22 05513 225 0.17 0.21
0.0065 0.97 1.04 06671 3.45 0.94 1.01
0.0054 0.68 0.70 07934 3.12 0.65 0.71
0.3400 37.43 33.84 0.9084 67.22 37.20 37.66
0.3028 34.63 17.97 0.8745 29.40 34.19 35.06
0.0064 0.78 0.34 08247 225 0.67 0.89
0.7578  100.00  100.00




B b

71 0Ka
5000
] SiKa
4000
3000
1 ReLaAK
- MgKlo
2000—|
1000—|
- SKp K K
SO N | FeKp
] KB FeKa
0 A ZnKa. ZnKp - keV
-1t r— 1 1 T ‘ T T T ‘
0 5 10

Elt Int Error Kr W% A% ZAF Pk/iBg| LConf HConf

@) 944.3 17.8342 0.3053 60.54 74.57 05044  174.47 59.82 61.26
Mg 102.6 18975  0.0186  0.0112 1.80 146  0.6219 7.44 1.73 1.86
Al 634.8 19.2609 0.1124 0.0676 9.59 7.01  0.7046 32.12 9.45 9.73
Si  1102.8 19.5463 0.2041  0.1228 16.46 1155  0.7458 61.66 16.28 16.64
160.7 31.4660 0.0384  0.0231 2.93 1.80  0.7897 10.62 2.84 3.01

w

K 169.7 41031 0.0546  0.0328 3.87 1.95 0.8473 12.78 3.77 3.98
Fe 66.0 0.8975 0.0580 0.0349 4.32 153 0.8071 7.02 4.13 4.52
Zn 26 02194 0.0063 0.0038 0.49 0.15 0.7615 2.25 0.38 0.61

1.0000 0.6014  100.00  100.00




Elt

o
Mg
Al
Si
S
Fe

Zn

Cub

7000

6000

5000

4000

3000

2000

1000

o
o

Int Error

269.9  6.4948
215 6.9105
55.2  7.0144
62.6  7.1183

2148.3  20.2625
486.0  0.9446
3.1 0.2759

FeKa

FeKB  7nKka znkp
T T ‘

keV

0.0035
0.0087
0.0104
0.4590
0.3820
0.0067
1.0000

0.0026
0.0066
0.0078
0.3444
0.2867
0.0051
0.7505

T

10

W% A% ZAF Pk/Bg

26.08 46.53  0.3733
0.47 0.55  0.5580
0.98 1.03  0.6710
0.98 099 0.7962

37.97 33.81 0.9071

32.92 16.82  0.8710
0.62 0.27 0.8219

100.00  100.00

16.19
2.60
3.33
3.44

66.34

28.05
2.22

LConf
25.50
0.43
0.93
0.93
37.67
32.37
0.49

HConf

26.65
0.50
1.03
1.02

38.27

33.46
0.74

VoY



Elt
o)
Mg
Al
Si

w

Fe
Zn

D b

1O Ka AKa
B SiKa
3000
2500—|
2000—|
1 FeLa
1000—|
1 K Ka
500—|
8 SKp
1 |t ske ) Fekp
. B FeKa ZnKa. ZnKp kev
0 10
Int Error K Kr W% A% ZAF  Pk/Bg LConf
571.7 10.8077 0.4470 0.2627 56.58 70.73 0.4643 213.81 B5.72
474 11.4994 0.0125 0.0073 1.13 0.93 0.6492 5.92 1.07
753.8 11.6723 0.1941 0.1141 15.61 11.57 0.7308 B5.77 15.40
780.8 11.8452 0.2101 0.1235 16.96 12.08 0.7285 70.44 16.73
54.0 129047 0.0187 0.0110 1.41 0.88 0.7796 6.35 1.34
171.7 1.7914  0.0803 0.0472 5.57 2.85 0.8471 16.44 5.42
249 0.4559 0.0318 0.0187 2.31 0.83  0.8085 4.36 2.14
1.6 0.1777  0.0055 0.0032 0.42 0.13 0.7641 2.15 0.30
1.0000 0.5878 100.00 100.00

HConf
57.45
1.19
15.82
17.18
1.48
5.73
2.48
0.55




E b

[0
o
o
o

S Ka

7000

6000

5000

4000

3000

2000 FeLa

O Ka

1000

SiKa. B Il
AlKa
FeKp - keV

10

o

0 5

Elt Int Error K Kr W% A% ZAF Pk/Bg LConf HConf

O 74.8  6.1965 0.0418 0.0353 11.14 23.39 03174 5.39 10.67 11.61

Al 26.0 3.4292 0.0048 0.0040 0.58 0.72  0.6945 2.70 0.54 0.62

Si 342 34800 0.0066  0.0056 0.67 0.81 0.8251 2.80 0.63 0.72

S 22221 20.8929 0.5523  0.4668 50.07 52.49  0.9322 77.79 49.68 50.46

Fe 431.3 09089 0.3945 0.3334 37.54 22.59  0.8882 26.19 36.88 38.20
1.0000 0.8451  100.00  100.00




Foub

-4 O Ka

1500_aka SKp

FeKa

F(i(ﬁ ZnKo ZnKp _Jkev

\
10

Elt Int Error K Kr W% A% ZAF  Pk/Bgl LConf HConf

0] 652.3 30.3453 0.3895  0.2449 49.69 68.07  0.4929 122.61 48.98 50.40

Mg 58.4 322874 0.0117  0.0074 1.26 113  0.5863 5.38 1.20 1.32
Al 9326 327729 0.1834  0.1153 16.94 13.76  0.6808 48.27 16.73 17.14
Si 1785 33.2585 0.0367 0.0231 3.31 258  0.6972 12.73 3.22 3.40
P 711 33.7440 0.0167 0.0105 141 1.00 0.7422 6.20 1.35 1.47

S 3854 342295 0.1023  0.0643 7.87 538 0.8175 25.53 7.72 8.02

K 91.0 14103 0.0325 0.0204 2.36 1.32  0.8663 7.44 2.27 2.45
Ca 26.0 14295 0.0103  0.0065 0.72 0.40 0.8988 3.36 0.67 0.78
Fe 2004 0.7112 0.1957 0.1231 14.76 5.79  0.8340 16.24 14.38 15.14
Zn 79 03328 0.0211 0.0132 1.69 0.57  0.7845 2.74 1.47 191

1.0000 0.6288  100.00  100.00




Elt
)
Al
Si
P
S
Ca
Fe
Zn

Int
652.8
26.2
39.3
9.6
832.1
575.5
49.7
3.1

G b

7 HelLa

Error
22.7677
7.0698
7.1745
7.2793
7.3840
0.7048
0.8360
0.3993

S Ka

K
0.4274
0.0056
0.0088
0.0025
0.2421
0.2512
0.0532
0.0091
1.0000

CaKa

Fekp
‘FeKa ke ZnKB‘ »
10

Kr W% A% ZAF Pk/Bg LConf
0.2292 64.70 80.91 0.3541 69.25 63.78
0.0030 0.45 0.33 0.6774 2.96 0.42
0.0047 0.60 0.43 0.7893 3.39 0.57
0.0013 0.16 0.10 0.8266 2.35 0.14
0.1298 14.73 9.19 0.8813 36.30 14.54
0.1347 15.17 757 0.8881 33.20 14.93
0.0285 3.55 1.27 0.8034 6.39 3.37
0.0049 0.64 0.20 0.7619 2.35 0.51

0.5362 100.00  100.00

HConf
65.63
0.48
0.64
0.18
14.92
15.40
3.73
0.77




H b

4 S Ka
30001 O Ko,
2500
2000—] CaKa
1500
| ReLa
Calio
1000—| AlKa
. MgKo
50| fznLa| P K
iK
¢ Fekp
o ‘ e ZhKa Zokp ke
0 5 10

Elt Int Error K Kr W% A% ZAF Pk/Bg LConf HConf

O 501.2 10.1376 0.3341 0.1788 58.81 75.93  0.3040 50.21 57.85 59.77
Mg 10.9 10.7864 0.0024  0.0013 0.22 0.19 0.59%4 2.35 0.20 0.24
Al 167.5 10.9486 0.0368 0.0197 2.82 2.16  0.6968 7.03 2.75 2.90
Si 43.1 11.1108 0.0099  0.0053 0.67 049 0.7911 3.35 0.63 0.71
P 125 11.2730 0.0033  0.0018 0.21 0.14 0.8293 2.41 0.19 0.23
S 033.2 114352 0.2765 0.1480 16.75 10.79  0.8837 37.26 16.55 16.95
Ca 697.8 0.9890 0.3101 0.1660 18.71 9.64 0.8873 37.92 18.45 18.97
Fe 20.7 03062 0.0225 0.0121 1.50 0.55 0.8047 3.61 1.38 1.62
Zn 15 05330 0.0045 0.0024 0.31 0.10 0.7659 2.19 0.22 0.41
1.0000 0.5353 100.00  100.00




Elt

O
Mg
Al

Si
=)
S

K

Ca
Fe
Zn

Int
619.3
62.0
271.7
295.8
118.7
270.6
47.0
123.6
312.9
9.0

I ol
.

- ReLa

Error
28.5261
30.3518
30.8082
31.2646
31.7211
32.1775

1.8714
1.8969
0.8582
0.2859

K
0.3729
0.0126
0.0539
0.0613
0.0281
0.0724
0.0169
0.0496
0.3082
0.0242
1.0000

Kr
0.2447
0.0082
0.0354
0.0402
0.0184
0.0475
0.0111
0.0326
0.2022
0.0159
0.6563

FeKa

FeKp

ZnKo ZnKp

| kev

T

W%
48.58
1.54
5.54
5.50
2.43
5.72
1.25
3.53
23.91
2.00

A%
70.02
1.46
4.73
4.52
1.81
4.11
0.74
2.03
9.87
0.70

100.00  100.00

\
10

ZAF

0.5037
0.5355
0.6388
0.7310
0.7594
0.8306
0.8889
0.9213
0.8459
0.7940

Pk/Bg
146.96
5.95
16.40
17.24
8.33
17.04
454
9.23
23.33
2.68

LConf
47.87
1.47
541
5.39
2.35
5.59
1.18
3.42
23.41
1.75

HConf

49.30
1.61
5.66
5.62
2.51
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Abstract

The objective of this study was to investigate the mineralogy and geochemistry of
tailings produced in Kooshk Pb-Zn mine, 45 km NE of Bafgh city. For this purpose, 30
tailing samples were collected and analyzed using standard methods. The obtained
results indicate that pH value of the samples ranges from 1.2 to 7.6. The electrical
conductivity of samples increased in samples with acidic pH values. The amount of
calcium carbonate in tailing samples varied from 0.4 to 14% (mean value of 7.4%),

indicating the low potential of tailing samples to neutralize acid pH. Geochemical data

indicate that average concentrations of lead, zinc, arsenic, cadmium and sulfur (11175,
42070, 437, 101 and 53234 mg/kg, respectively) in the tailing samples are much higher
than those in the upper continental crust. On the basis of mineralogical studies, pyrite
was the most important sulfide mineral, which generates acid mine drainage at the
Kooshk mine whereas quartz was the main mineral gangue in the tailings. Gypsum was
the main secondary mineral in the oxidation zones of tailings indicating the productin of
acid mine drainage in the studied samples. The most important iron oxide minerals were
jarosite, natrojarosite, ferrinydrite, goethite, and magnetite. Geochemical investigations
indicated that arsenic, cadmium, molybdenum, lead, and zinc have the highest
enrichment factor. On the basis of values of the geoaccumulation index, the Kooshk
tailings can be considered as the 71" class (highly polluted). Considering the ecological
risk of potentially toxic elements, cadmium had the largest pollution level and induced
the potential ecological risk at Kooshk mine. Potentially toxic elements and health risk
assessment show that arsenic and lead is the most hazardous. Statistical data analysis
shows that zinc, cadmium, cobalt, lead, antimony, nickel, molybdenum, arsenic, sulfur,
manganese, and iron exhibit an anomalous behavior, suggesting environmental

management of taillings producted in the Koosk Pb-Zn mine.

Keywords: Processing Waste, Potential Toxic Elements, Mineralogy, Lead and Zinc
Mine, Kooshk.
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