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1- Mine waste or gangues
2- Tailings
3- Overburden
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1- Acid rock drainage (ARD)
2- Acid mine drainage (AMD)



olls Jsl Jab

1550 el Sl A ol Coanl 28y s LialeST 9 FET adgr a8 sols Lt by pas

DYAY () 5w 5 Slros | gol asl axsls jgas

7
FeS, + 502 + H,0 — Fe?* + 250%™ + 2H* (O-))
1 1
Fe?* + 20, + H* - Fe®* + 2 H,0 (Y-1)
FeS, + 14Fe3* + 8H,0 - 15Fe?* + 250%™ + 16H* -1

Sl g3l Glayyg 5 Slisw 51 QYL clle ool (ol PH il s 4 ol Ol
(F-1) JSs [Doulati Ardejani., 2003] casl (5 2355 o)y clawmaions § o bles olony! daiae

s o ol |y Game slac b 51,0 eud 0y al Claj 5l (slaiges

Wil e y0le Cgim 10 (9, 9 @y (ydre (5,918 (slaalbls ;| b ol Claj 5l slasges -F-) Ko
[Garcia-Lorenzo et al., 2019]

Ailgs cod Fare glaalbl sl ouls olx! slacley lp Sl g coll (She G b pH Wz o
Ss290 7 hB sk 4 (Sose glaalbl o ousS B o SIS A4S (alyh ol 0pd aslis
'l b s Gl oyt con loagay bl Gird sonilye gla S GialuST L 5 axaly
o255,k 5l (o [Lottermoser, 2010] o pealss axlse YU pH polis b (SD) 702 b  NAMD)

g Sl (Gilo S A oo m e Pll o 4 oS ail g CondS ol caisS i sla SIS

1- Neutral/Alkaline mine drainage (NAMD)
2- Saline drainage (SD)



olls Jol Jad

30 Sy Jgo SO 3l eads adgi gaumwl Cla &L.,JG-:;_; p 58 (F-V) LSy ¢l oo pH ol

[Abrosimova et al., 2015] aos oo ylid |y CowdS Jgo g0 ol

15 7 - 2+ f-V)

slyg g Sl 5l Vb mhw Gl (SKed Sl g Jokoe 58 slagye (F 2 ol oL Cla;
oy ganaid o008 s‘l’ G ylazmo (6l gy lgie 4 45‘956" aS e RERUETI M
SHgo A Hame ooy CodlS Wz e ol sals &I0-Y) IS o lddge clale b S

[GARD, 2019] a2 #, o2 L Wilgi oo y90 5 L8 Gloj 5 Canns S LB 5180

10,000,000

1,000,000

100,000

10,000

SO, (mgiL)

;

[After GARD, 2019] Sligus clilé 1 alh &30 4 oms wloj gisdials -0-) IS

albl cwo 5l Sldd b sosnl ool b gase Clay oadsi 050106 51 cosebe Jow (P-)) S0

Sdgi j0 a5 Ll g sudlgw sl SIS cp St 3l (B (Y-)) Jgoz 50 g ams oo lid 1) (o



olls Jol Jad

—— — g °‘>9"i}!.‘é ‘-’i
Gailgas gl y5ls —_— el Ol
wbbcla;

LB/ (gl Ol Aulgi gaie

[After Broughton and Robertson, 1991] gass slaalbl 3l LA/ sopnl Clay adsi 050180 -#-) S

[Karlsson et al., 2018] apwl oS 25 b adss o SIS (S -Y-) Jsux

Aol ouisS s S S| 00isS wdgi S
(CaCOs3) couds FeSz2) oy
Mgo.5Cap5CO3) Cunglgs (CuFeSs) oy SIS
MgCO3) =g s (CUS) o sSIS
(CaALSi;0g) s gl (FeAsS) oy g
(Mg,Fe)28i04) ¢y 5! (CuzAsSy) e,
(Mg(OH)2) s 2 (NiS) e Les

RUCSUMCAITERE AN R 28K
slr) (65 e Glalled & G (g b amatiny) DS il ane sloalll
ol (Fane slaalbl Lol o (o 9 (i DI H9k> S o SIS 0 Srete 5 (S S (o
S oo SBhbl e a4y S Ol sl 4 e bl slbcws bl Cu pos
S 28l co B (S Sogl 4SS l ol [Chopin and Alloway, 2007; Harries, 1990]

A



olls Jol Jad

Jels &y i Sl S oo (Sullsn 535 SRl 5 (smiy sla] (Sosll isdie Slge 0508
Daa (Vsb (6 Eule SIs 5 0558 oo H1 (g w5 sloanlp b cow o], 4 o
g oad Jile als slees,gl s amil 10 g (55,5laS DV game olS a4 SB- 5l wites e (o
[Naicher, 2003; Kagambega, 2014] xgi co yludl o138 0,025 5 )lg
by JUST G jlaee & il oo B9 a4 (oo slaalbly ol e (S Slls IS 5k 4,
) a3 le 4 wawS
gdion G slazme 3y Blae Sl)3 &jgo 4y g 4l Gibe)p ol by V0
Comrjlazma o))y Uy, Sppo 4 5 0ad S5 g9z Vg5 Gosb 5l &S plaesn¥T Y
g
sixe slaalbly 3l ons ads slacle) b e il JUisl dean T cn ete 3l Ko Y
el loy 138 10 g (6 st Lyl i o
D5 e SllE 5 CIE s Dl 3 4 51 oS wns e s 485 50 i
@ bl Mo 5V Cr Se As yy=pd 5,500 o Ol38 T blis ;0 Jg oYL Cd g Pb Cu
Ni ez p2 (6,550 gow I3l8 g [Hageman et al., 2015] YU pH Loyl i jo yiios (g s Dl
Sogll adgs 10 058l jgb 4wl e g ails 1) 5 a4 Seoy pH Ll i 40 Sb g As «Co Zn
FB sk a4 pase albly 5l ead wdy Clay (Shg colple aidl e ol Ll (e S
Sl Jge Game albl ) eas Jiie o Sogll cigim 5 JWl S5 G5, 2 42
Clile ggame lul |, Same clacle; ganaid 5 Jae (1-V) IS5 [Plante et al., 2010]
PH ez Some pl33 glgil 510028 s G (51 Ni g Co Pb «Cd «Cu Zn Ko ol

[GARD, 2019] was oo 5Lt



SLls Jsl =t

g
-
g
é 000
3
H

B o 1 2 3 “+ 5 & T 4 2
pH

[After GARD, 2019] cuis J> olpls clale 5l ol &0 4 Sore ol gandids -V-) IS
oxo salbl 59) p (ol j Gl ddy -F-)

Lol oyge yo &5 Slids p Jlal (65500 lle) oleidny Olpie 4 4z g b Cwedd (0l o
d,S Sygo Gaxe gaalbly 5 (ol 4 bgype apmmecin; OISEe o (Fogll o il
a s lros¥T Jaul o Lol mlv 51 (S )5 pame 5l b slaalbl .ol suis plol
2 P e D9 on pire ameleny; Sl S (Sogll 4 e o8 wdly e Cenyjlame
Sl 3 BT ST ey ol sl (] e Sl 8505 it 3 5 (el sl
RS ONCHNT S/ R QR RASRC SRR BN DICICHE JERCRRPEC S o S

13,5 0 )Lal 5 05000 4y lgs oo aey ol jo ead plol lalllas alex 510 ls e
2 89y~ e O glaalbl gy p dasredin; Slalllae 4 VeV Jlo o o Sen g 5
5 o o taly (1B Laiae 1) Gadss cpl plodl 5l Bas g0 yliie By s SguSleS
dwle  Sliwl slaiolesl 51 solawl b laadbl 51 Lol apwl Oloy oy sty obj)
I3l &l 1 s9dst e Al sy 5525 5 (NAG) T palls sl w55 5 (ABA) -
Sl yagile - Ve alold jo (Bolal &0 4y (o diged VA ¢ jolaie (ot & es )3 (S

ool aads g0 j0 S DIHE g GullST Olysd cw) p jokaie 4 Bee aigad YT 5 s mlan

1- Guangdong
2- Acid base accounting (ABA)
3- Net acid generation (NAG)
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1- Net acid production potential (NAPP)
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1- X-ray diffractometer (XRD)

2- Scanning electron microscope (SEM)
3- Electromagnetic (EM)

4- Sequential extraction
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1- Inductively coupled plasma atomic emission spectroscopy (ICP-AES)

\'Y



olls Jsl Juat

s PH ol )L | (Caid 815 5 oyl &9 ) (msy 6l SIS iy ypim _caslid SIS Slolllae
Sleie 4 (ZnS) o Jlawl g (PBS) JI5 jga> poc axgi B a8l G ol lis gonl b oL
O3eisld o9, b laalbly suzee (55118 Jdo 4 suls (2l 09 ediged dan 1o (yae (ol glailses
5 092 515 3,50 03g0me 13 p5eadlS 5 (55, ey DL (Tl ) (S aberd LT @b il
oo odg (gl ol ( Fogll (SuiSTyy 5 (S (ol p3lSe oS W) azis (l 4y liine

[Rodriguez et al., 2009] sl o oL 4
lead adg ol Glay 5l (L80 (armeiny; OMSEe Vo) Lo o ol )Sea 5 Ll
Sa5ed55 Olalllae 34l 5l eolinal L 1) adls o8 wgim o (AU-CU) Mo 5 s (yins sloalbly
5 Sy Logad (sanilym Sle sl el Sune slaalll aiols J15 gy 990 2leondiss 9
&5 Okes V0 Loy w4V AFY128Y sla s Jsb 55 (6,5 e 531 0 a8 wily oo oy
03liisl AMD Slaseive 5 o) caz (olondss 5 (Soiudsts slogbs, il 51l il 0 g
Cu, Co,) pSw ol3ls cdale 5 S adlgu o SO Sl 059 Cunglie (slaosls (hu (Kiwoad .aidgal
3,90 o o] ladiges ;| aniisy g oy Cunglie g albl sladiges ;I (Fe, Mn, Ni, Pb, Zn
O Dl clale Jlade g cudle p albl cos 5l g e sl b fos sladiga .85 J1 8 w0
Gebls 0 (g pSo3lasl (CS-2000) 5,545 55001 g ICP-MS' g, lawgs 99290 duilgw JS o
S edsis sloosls 5380 5 iy pand sl |y (ol gl el (ol g albly 5l oas SIUT sladiges
A9 ol b b @ olazal jo (S iSUl ong Conglin gy b (So5edsss slagg S ojlail o5 ol b
— b8 T 5l s 1 ¥ slazel jo «lins 3585 Bes g ilx Lioljbl Zaos Caz 85 O je0
2l 9325 Ceoglia b 1y Al ceod 51 (i ¢ st oS58 e b5 b oolisi] sy

Ay Gl (5 7S by o2 0 5YL b bl o a5 08 (aseine (5o ol V- 5 eS)

1- Inductively coupled plasma mass spectrometry (ICP-MS)
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1- Monte Romero

2- LaNaya

3- Energy dispersive x-ray (EDX)
4- X-ray fluorescence (XRF)
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1- Paste pH
2- Inductively coupled plasma optical emission spectrometry (ICP-OES)
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1- Ecological risk Index (RI)

2- Contamination factor (CF)

3- Chingola

4- Modified degree of contamination (mCd)
5- Pollution load index (PLI)
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1- Electron probe micro-analyzer (EPMA)
2 - Very low frequency (VLF)
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[Plumlee and Nash, 1995]
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s b aS 0l s o) e 5 Leghy Slidod guls oyl oo 4o aids 4 pH Jilae ,o Ni g Co «£d
OSaw Egog0 (pl 0,18 0529 K Ol cdale g pH iS4l o jlogad () Jawgs aosls
(S 50 092 g0 DI ( S5 oS 5« Sl )8 e g cadle wlal ke B3 glgl jo el
IS il glae sl (gile i cod b g Copn dile aul il ady slo IS jgax
(VMS) T S5 slodgs wuilges (e (Fome p55 (S5 5l hemmacon 585 Joe @l (V-T)

1- Ficklin
2- Volcanogenic massive sulfide (VMS)
3- Sedimentary-exhalative (SEDEX)
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[Plumlee et al., 1999] Wgss jowis (g yoin bl

bl s (oo joi§ Glariuw 2b)5, slogg, -F-Y
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BLEST Jols (6,5 pane Slekas Sl 36 Foll by rmndsth ole slo2,lS o2 te )
JRUCCOWRGH [T ERE OO [ U EOROR S I B % J R Y S S Y P Ly A o
[Mireles, 2012; Yaylali, 2011] aib co eyl jo 10 anoredians § OISCew (9 yiete 31 (SO
S S35 Lae 285 Jas 53 b o Sogll 98 0l (aloowdosy (S5l 53 45 ot 3,130 51 (S
ST i) St haations smnbs Slollle il o S o il 2T, 5 Jelse 5
Sogllaz o sl asls (ol opl )0 098 oo plol il slojasli 5l soliiwl b (S oI5l
D)5 (Byre ez Sloatls (s @ ol ) RD TS5l Sy 5 (MCa) Tous 3L
Lol yo ool a9 ol sosls pa> als cel clivlos jo SIS aas o 4y aS
3,80 1y S5l qussh o5 5 Do wodgll ais g5 (i oo asls Gl jl eslitul b gl o sl

[Manna and Maiti, 2017] sls 1,3 ob ;)

1- Mississippi valley type (MVT)
2- Modified degree of contamination (mCd)
3- Ecological risk Index (RI)
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[Abrahim and Parker, o.& 31,1 (V-V) alal, solas 5L 5 eudlpl gy Yoo A Jlo jo oS (o]

2008]
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Al &) GaKiw SI3IE aiomacins 5 slacunlos 5 39 (o Gliee sdile Gulul el b
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1- Hakanson
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[Hakanson, 1980; Li et al., 2015] .S ol3ls ol jeSB-Y-Y Joo

pole As Cd Cr Cu Ni Pb Zn
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[Levitan, 2014; Gasmi et al., 2016] <l a8l gl 3 anwgy Jaoconsy o il 5 23

1- Discriminant Analysis (DA)
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BB

1- Fisher and Mahalanobis
2- Discriminant Function (DF)
3- Discriminant coefficients
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1- Overlap
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[After Robotti et al., 2014] coul ooy Jool> (ke @) dyaz jge slacial 45 09,5

i lo)] lallag —Y-¥-Y
09,5 95 4 SOl g Jeily b)) sl eslitul 8590 alisles] slagis, 5,5k 4
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[Bouzahzah et al., 2014] s Ssbisl slass, 5l 50,5 4>s
Seiliw! o lojT-V-Y-¥-¥

(gaxe sloalbl 5 (Sogll adgs fewily o)l caz 2Bislesl bty (npsmye 5l (S

)|)3 oolazwl Sygw w‘)li‘o.ib 9 kSJj.&.A.’ Ja....:s; YAYA JLM: o as ML’LSA (ABA) \)l; —..\..».w‘ wl,o)i

1- Acid-Base Accounting (ABA)
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Mol 5b—awwl pU L g 2ol o) § s )Y Lawgs VAAX L ;o g[Sobek et al., 1978] <s
5wl g3l s b adgs ool [Lawrence et al., 1989] o 8 20 (Modified ABA) 'ous
TSl sl Jenilty 5 (AP) TSl 055 Juaslly (e @ glitsl ( Sane slaelbl,
NNP=NP-) AP ¢ NP &Ml 5,k 5l NNP) T ol (gjlo s sl plol o .ol oo (NP)
e g daloo (5 g peedS Sl )S 2 S 0kS v p NPAP Cod 0)lg0 (pany )0 L 5 (AP
Sogll ol il ol slaalbl glgil a4 adiges ool Caws a4 polie (wlul  05d e
(Y <NNP<+Y+) asinl polie g NNP>+Y+) Sodl jlw s Jomily (NNP<-Y.)

[Mohammadi et al., 2015] g oo (guddS
&30 4 00 ol (Ssulphide) Sudlges by (STotat) IS jsilges 33l 5 Lowiiincs AP laiie b, ol 5
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1- Scanning Electron Microscope (SEM)
2- Electron Probe Micro Analysis (EPMA)
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1- Energy dispersion spectrometer (EDS)
2- Back scattered electron (BSE)

3- Very Low Frequency (VLF)

4- Resistivity (Res)

5- Induced polarization (IP)
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1- Susceptibility
2- Inverse modelling or Inversion
3- Smoothness — constrained Least - Squares
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Eigenvalues
Function Eigenvalue % of Variance | Cumulative % | Canonical Correlation
1 11.8252 96.2 96.2 .960
2 4352 35 99.8 .551
3 .030° 2 100.0 170

a. First 3 canonical discriminant functions were used in the analysis.
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Wilks' Lambda
Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 3 .053 125.032 9 .000
2 through 3 677 16.598 4 .002
3 971 1.247 1 .264

s 5T s, 53 0 azpaiab (sloos 5 35 o Slaies Yocill Jpu

Functions at Group Centroids

Function
RI 1 2 3
.00 -4.858 -.859 -.071
1.00 -1.582 878 -.071
2.00 1.198 -.083 245
3.00 4.909 -.341 -179

Unstandardized canonical discriminant functions evaluated at group means

2led 5 IUT g, 5l el Canss @l ol o ~F-call Jgo

Canonical Discriminant Function Coefficients

Function
1 2 3
As .805 1.920 -.647
Pb 512 -791 1.301
Zn 1.180 -535 -.740
(Constant) -14.465 -1.138 1.260

Unstandardized coefficients
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Abstract

Environmental problems caused by mine wastes have always been one of the most

important issues in most developing countries. Perhaps the worst environmental problem

associated with mine waste is the formation of acid to alkaline mine drainages and the
transfer of toxic metals into water and soil. Most studies in this regard have investigated
the pollution caused by sulfide mine wastes, and the distribution and intensity of
contamination have been examined in the surrounding areas, i.e. in surrounding soil and
water. In these studies, the main sources of contaminations such as sulfide-carbonate
waste dumps have received less attention. Thus, the first step in reducing the risk and
proper management of these wastes is to have a proper understanding and knowledge of
their environmental behavior. The purpose of this study is to evaluate the pollutant
potential of the wastes of lead and zinc sulfide compounds with carbonate host in Anguran
mine. The combination of geochemical, laboratory, mineralogical, and geophysical
studies in this study allows us to obtain a comprehensive description of the geo-
environmental properties of the waste dumps. For this purpose, 52 samples have been
taken from 0-50 cm depths of different surficial parts of the waste dump, and then, have
been analyzed by using the ICP-MS method to determine the concentration of elements
and heavy metals in the samples. Geochemical results from the modified degree of the
contamination index (mCgq) and ecological risk assessment indices (RI) indicate that these
mine wastes contain significant amounts of toxic metals such as arsenic, cobalt,
chromium, nickel, lead and zinc that the average of each of these elements exceeds the
permissible level in the environment. The pattern obtained from the contamination risk
zonation shows that the northeast and southwest parts of study area have very high
contamination risk, and in this regard, As and Cd elements have the highest contribution
in this contamination. In this research, discriminant analysis has been used for prediction
and classification of the risk of the toxic elements contamination in the waste dumps.
The results show that As, Pb and Zn elements are the most important factors that the waste
dumps can be classified according to the contamination level. This method can be a
useful, fast, and cost-effective tool for monitoring and recovery plans in the future. The
results of the modified acid-base static test show that waste dumps have a high
neutralization potential. In this research, the mineralogical approach has been presented

to predict the pollution potential and to determine the source of neutralization. The results



of this approach have compared with the results of the static test. The comparative results
show that calcite is the main source of neutralization, and the mineralogical approach has
rendered good results in evaluating the neutralization potential of contamination. This
approach is faster and simpler than the static test. Mineralogical and XRD studies have
identified calcite as a major factor in the acid neutralization, and also, the SEM analysis
results have indicated pyrite as the main source of acid mine drainage in the waste dumps.
The EPMA results of the sulfide minerals have shown that sphalerite is the most important
carrier of some toxic metals. The geophysical results obtained from applying VLF,
magnetometric and geoelectrical methods on waste dumps have shown that, due to the
oxidation of the wastes, the generated alkaline mine drainage can contain dissolved
metals and major ions that increase the magnetic property and decrease the electrical
resistivity in the geophysical results. The results of the analysis and speciation of the
water samples taken from the study area have confirmed this matter, and also shown the
most important factors affecting the electrical conductivity (EC) of the produced water
from the Anguran mine waste dump are the increase of metal ions concentration, anionic
metal complexes SO3 and Na* and TDS that could be a significant reason for the
increased conductivity of the geophysical results. Although the researchers' findings
indicate that the conductivity is related to acid mine drainage, it has been concluded in
this study that alkaline mine drainage can also be identified as conductive zones in the

geophysical results.

Keywords: mine waste dumps, Pollution potential, Acid and Alkaline mine drainage,

Heavy metals, Discriminant analysis, Modified acid-base static test, geophysical °
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