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1. Acid Rock Drainage (ARD)
2. Acid Mine Drainage (AMD)
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1. Neutral Alkaline Mine Drainage (NAMD)
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1. Modified Acid Base Accounting
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1. Pollution Index (PI)
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1. Chemical NP procedures
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1. Acid Base Accounting (ABA)
2. Acid Potential (AP)
3. Neutralization Potential (NP)
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1. Net-Neutralization Potential (NNP)


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

AN g 3 oAbl 1S3l a5 sl 3ol Sl ot Lol ABA 355 L AT sla e

sarial oslie 5 (NNP>+Y) S5 JT g5l i Jowsly (NNP<-Y+) S50
[T L5 e shuandIS (-Y+<NNP<+Y+)
Sl &) soas 5 arloee NNP olg 3 5 AP NP slie a2 le3T plonil Sl ey
S S sy Al ooy SUITRIB 1330 5 55 ' Ko S g 5l oolisl L (st s3
bl Lalsy 5 bdas wly & ol JLosss Gy (ries S 5 Sese
~sad 5 o f‘;ﬁ”ﬂ ok i3l Jde bl 5l 536 5 il sl (g 54l s
ol Pl b ol O 1) edlis (5l i sas BLE camsler 3 0l (5 S5l sla
s Gl 3 5 sl psle 03 S OT gy S ases S 350,
5l ine SaSly iy Sl Ol sy slaadds [FE] ool Jsane Sy S
Sl 1y ol la Sis b bl iy m poored 5 Wl S 5 it (Stes
JS o S Sl 53 (1) 51 50S) S sl Zlale olie D35 oS 4 xS L
Sie el s dPH>VY) Les 055 oUW Ll 5 55 AP slas ol by s esla
awls b ;;)ﬂ SV P WU LN PIPE G5 A al=a V/0 Lals Wt%) S 54 5
Sl S e asls 0L (1 0) I3 53 15 1 eedS Sl S 0SS NN B Y
3l ad g hale U5 5L sa esgdee B S s 5 B0 iy 5 Sl ol
oo sl eslimal LNP slie .ol 53555 Kos laise & s So 0T Wl g Jeily
eSS QAN B 0r n 03 1S Hls G 5 dlons w50 £Y (gl 0l Zolol L —
03 oS st gla S8 slie s Ol s sdadilis ol Cewst o5 S Ol S
OLES bl s b3 gdowe )5 |y Ol as ol 5l (gdas g 5 (C0) K5 ol 4 gl
(NNP) 2l g5l i feily slaie NP 5 AP slis Ml elal  odas e
5 peelS LS S LS A0 B el S el Ladd el ualdS sl
Sl ol i e b gl bk s el a5 cl ol 5l Sl =l Al Cewsa
e (Sledds 353 p0d sdalie Ll 3 ool Clas A5 51 Sy 5 L)l VL

&L.w‘ o 45‘)\ (C O) Jgﬂ'} DL ﬁbud

1. Kiriging


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

VA4 Sl T 5t sl Al puedige lidies & 0 1 X%3

NP-Measurement (u AP-Measurement (\.5."

08510

08100

085000

714700 714500 714300 718000 715100 T15200 T15300 TI5400 TISE00 715600

718700 714800 714800 715000 715100 716200 1300 715400 715500 715600

kg Caco3t IR S
EEEEEEEEEEEEEEEE LT kgCacosu_

mmmmmmmmmmmmmmmmmmmmmmm
NNP-Measurement kg CaCO3it
o
:
- |E’
=
=

EEEEEEEEEEEEELEEE

714700 714300 714500 715000 715100 715200 71800 716500 716500 TIEE00

J:—Jl:.z ﬁb&» (< gdhK....a_LA) uﬂ})ﬂ:ﬁ ‘;5_9.“ J:....\l;.; u.:lﬂ))‘ @\5 ;J}\s‘j’} @j_,.‘; .0 Ji.i.
oA (il il plis (7 ( (SoJT (S5l 5 Jomily polis (0 So gl g

'l S 5 Sy, ¥
spdie e2p 08 (Sl s3le i ey eass (gl ki B 5 S0
L o el Laesls 035 IS (gl LISl s sdomn 5 3L u s Lse Ll oS
b L [Yo] Rietveld s, ale oz SIS Sledbl 03 5 oS o3 s by op &
(MLA | QEMSCAN  J0) 515 5 oS ol SIS & izres 5 M1 ModAN
Sl Jdliy e 53 lid IS sy eel il e elind Wl o 035,00 V)]
2 b el e Sl ke 63,505 S 988 L s S el 3
Cged 2 25m e G Sl s rl oo ITV] S algidy (bl G DS 5l
S ) gordms] mm NP lie g3l it sla STy gl o 5 Sl 3 alal
S 5 Sl S UNP b ol sy ol 03 abns lS S S

ﬁ)‘}(\\)&‘)&bbﬁ))eu&

1. Mineralogical NP approaches
2. Paktunce


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

£¢0 g 3 oAbl 1S3l a5 sl 3ol Sl ot Lol ABA 355 L AT sla e

k 98X10xXjXcijXng

NP =3}, ———M—= )

nj Xwj

W (o5 S s ol p S kS dly bl IS (53l ol NP Ll s S
S e Xi oo 0 S S sl Lot 586 Ve 0 Sl e el J S50 055 ke
S Sl Al Jse b SO s shenST e 058 sl G W90 a1 4 B oS s
S s S OsmeldenS| 5l ads A5 S5 e Aol (slad go S N d siS
S IS5 055 Wi el oS (25 S 51 5L 3550 I g slas NS (gl s
53 () ey G bl €50 3 0diS 2 sla SIS slaws K 5 (@mol™) i eas
S ALl Ll st 5 eSSl S 0SS e NP e /0T s
Sl NP liie ool od 6l £ sl s sy Sl S a8 0 sln 5L 3o

5 S 63l () 5 O Lauls, S5 & 015 e |y oS S

H,S0,

NP =9.8 xX; kg . ay)
NP = 10 X X; kg =2 Ov)

‘;;“9“.}‘ QJJW ‘wl..:»d,ts :)s.!._’)): NP Ml:u d‘}' ol oalanul 6\#,‘2&‘)‘.; £ J_,.b
ol J g0 S 038 25 (6l 53U 3,80 Jge SIS N (eS| 8 (slal 5518 sl C
V] et 5 8

Mineral Formula w c n
oS CaCO; Voo ) \
Ot MgCO; ALY \ \
sl MgosCapsCOs3 ay \ \

Al g b il g Bl lie lal  Slmdend b e sla s 0 APl
gt sl pled 2pd 2 5 Sl Ol sl A a e il
FSEop A VO AP mms Jlis e A2l S sl e ST ol o
L AP e dadised 5 il s S £8 SOl e ol Joa il o
g dsles (V) Aoty bl
m NsX98XXgX10

Ap = ym ISOPXESAD 08)

Ws


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

VWAL 5l T 65l sl Al pntige lidine) £én

N5 oo sl o doml p SAS Aol b sl SIS sl A5 Lol AP LT 55 o8
N8 Ghed s S5 Jgo SO O smnldenS| 510 W5 S5 s Al slad 5o 2l
SIS e Xs (5 p Sk Sl s Jolo Ve oS Al JS5e 055 s
Sl S Sl M 5 (@MOI™) S (i) o SIS J 5050 035 Ws WEO0 dml s 405 (5l g
Olpe LAY Js0se 055 b S G sl AP Sl ol w503 55 il 5
AP Jliie 0/ sae 53 (00) aly o, UNP diles 558 asle (10) il &) oo

DVI T Sty (5 2 ol Dl S 0SS m

AP = 16.33 x X, kg2 0o)
AP = 16.66 X X kg CaCO5/t O

Lals gl p (1) Ay 3 b 5 bl G5 5 S0, UINP olie g S e
b S8 e S8 51 S slia 31 WIYE) dops £ e Ve 0 Y ) o e
5 oslinad S1ax jabas Wpls YL IVl il a8 s 5 S gl os (S alax
1515 o U ad ol o 0 1) CAFMO S S| sl o VS s s
S i SIS g8 pletd 5 a8 NP slie J 28 6l A4S I3l Olsew
S Sy 5 Sl 5 Sl by e byl U ISE ) 5 elinad S5
s o 0l CatMg clle pl 03 NP slis o 5 50 B o 508

1200
1000 oo s s s e - 100% |
3
@ B00 p e
o
[s]
]
S 600
2
e
2 400 p
= -8-Calcite
a
z 200 b~ - =#-Dolomite
Magnesite
&
o T T T T T T T T
0 5 10 15 20 25 30 35 40 a5

Ca+Mg (%)

e Sl S b S gl CatMg chals b bl S8 NP oy b, A s


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

I XAY% g 3 oAbl 1S3l a5 sl 3ol Sl ot Lol ABA 355 L AT sla e

Ca+Mg clle J.Lbu.a JJ:‘J L> cUM.s}AJ BL) aJ.»S&} v_'lS (:...A L;:‘LAL.J: )}ja.aéb
S 5 Gl el S 5 S Sl edel sy G S alaly 5 e sed
wudls >J§.}J) L NP ﬁb\.ia A K...»" BLINGSYRNVIS g;.:ﬁjjj.’ cg_,...m.lS"_ o.l;;Sé;:'—

@)_}5 A WLE.A ol CPL&‘ )b—.)\._.'.w\ U‘i’j) B NP .. L5ﬂ§°JU”‘ ﬁhu.a b 9 wbw

53k ileis Jeily (gla i Jedly 3gdme v 4 Gl il (G
S ST ol ol 51 Sl aasl .o o &1V IS 3 5 gdoandS sby s
S ml st a8 B s base LB s s SIS Olss conlS
Gt old Sl sl b 65 he Bl gl S gl b el 6
ol e Olgea Ol sk Bl e b cndS il sl AL

28 gl dabke s U Ol .xﬁjjj):v.e,aglﬂlp);;jﬂ ol o

NP-Calcite

714700 714300 TH4E00 7ISC00 715100 TISI00 T1SI00 715400 TISSC0 T1SE00

NP-Dolomite \ NP-Measurement

TI4TO0 TI400 TA4H00 TISO00 715100 TASIC0 TISH0 TS0 TISS0 7HSH00

TISTCO 4300 TI400 TIS000 TISIO TISIO IS0 TIS400 TSSO TIS00

NP-Magnetite 7 kg CaCO3/t
I
<300 300 - 500 600 <
{ o e =3 =

714700 714300 T14300 TIS000 715100 TISZ00 T1S300 715400 TISSO0 71SS00

LS 5 ol wls S 5 S5, @Lﬁg@li:.lhﬂ CL" aslie vV S
IR RN RCIV I PERCINN L


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

WA 5L ¥ 6Lt (oan sl Al puedige olid e &0 LEA

b ol L
(CamlS LI £8) i S8 5 S5 Lol acloes NP sl o 2l ) A JST5
ghgr otalin A S 3 4SOl s oo OLES 1y 0l POl SLmdenl g5 ol 3
et b b2 IS5 SGsy 3l edel wsay sl b g g BLS| e (586310 sl
LGS 5 et (Sl olie et O S5 Hslae )l /48 Sauoa

Bad s (W) el ) s
NP =1.12 X mNP — 53.12 R? = 0.989 v)

1200

1000

P ) @
=] 1=} 1=}
S S} S}

NP-Measurment (Kg CaCO3 eq/t)
N
8

0 200 400 600 800 1000 1200

NP-Mineral (Kg CaCO3 eq/t)

AL 0k (6 So5Inl palia ply 55 s S 3 K5 NP aglio A s
Sl mie bl 53 b SIS 5 S, Sl el sty s Aul sl
bl Cws 5l aiges & 59, 2 XRD gya old S gla fags daabl s gj’)ﬂ
5 Skl JS ol anss 5,18 cndS sla S8 XRD & mls ol il el
50 Juix) L plelis Sums dbl glawses 53 Cilen 5 <l 65 S5 pslis
(Sl il s e Sk 5 eSO Olpea CodS G sl (4 S
3555055 31 SsSB4 soonl S8 Al L ks S8 5 S Sl el sy il
G5 e bl sk g 3 eds Aol Slmded mls Lol Gl 5 el S
Lis 5 o Sy Slhosas Cold 5 o o wlyS Olpe b il sm

A é\}.\.:é.aufsjﬂ ol o


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

AR

300

e e b5 Slaalbly 5 (ST a5 el L3l lp ks Dol ABA g b ailesT o o

Cal @] cavie
El Chlorite
E Quartz

'z
] < & mic
i)
g [w] Awie
§ 1
£ Chl
-
100
Chlyy
Chl
] ch ll ol ! Cal calgy
[ chl L m Qz
TR A
o Jepthedbpadlappd s R pdesd b
C n »
2-Theta - Scale
w00 Cal (W] coteire
E |E| Chlorite
=3 [ o
[&] mite
e
£ 3
c
=3
3
=
—
0 4
00 Chl cal Qz ol Cal Cal  Cal
e Cal Cal Cal
1l al Ca
L I QZ] ” 1 Chijchl l ‘”Qz Qg £ S o

0 |\\|\\|H||y|v|r‘v\H\l\\

‘\lv\\\vll‘l\|\|\|||’|v\|\\|\\

. 10 » M © 50 50 3
2-Theta - Scale
200 - Qz @ Quartz
chl [®] cuorite
] E Caleite
] e
=m0 Hematit
277 [¥] ¢
§ [zl Albite
c ]
£
- m
100 Chl
Qz
] Q
il Cal @ & Qz
Ab all.dls, Fun, Hm
] P e
' 10 » = ™ o
2-Theta - Scale
3 [ catite
o j Cal |E| Chlorite
500 [#] ouarez
1 IAE™
2w
3
3 i
Qo
‘E’ 300
5 ]
200 3
H Cal Cal
w g g h cal Cal Cal Cal
3 Chl_ Cal Cal
m z Cal Cal
N IJJ‘ (% [ H K] ‘Ll‘. J » “l’ ,_g.ﬂx NN
. 10 » m o 50 w0 7
2-Theta - Scale

Sne bl slad 5o

SIXRD & gls & S5


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

WA Sl ¥ 5 jled cond )l A pundige i s &5 0

(42 4 polia) bl (5ladi 30 XRD & o gl .0 Jgdr

Conds’ P L s ool colen
& 903 !
(Caly Q2) (Chbh " (Ab) (HmM)
(1))
R1 AV/Y AL A/S VA - -
R2 £0/A YV VoV Vo/o \ -
R3 AY A/O /Y s - -
R4 YV/Y £4/t YA Y/ \7A +/A
Z -
S S 4o

Ni Cu Cr Cd As ;K ol3s clale =353 Sl s Il Gl s
L psedlS Syl wgsy s s sy So ) Laxle Sl eslizel L Zn 5 Pb
sy s LA lelis (0/A s VYNY OAMAL C5 5a) ol et Sadl jaxls Sl
Ai gdwas; Zn>As>CA>P>NI>CraCu & son wikeie 55 SIG6 S &l i
Joily bl s 5l el S gladigad pled S 5l LS AS LT 5 Sy il
A3 (5 S Sl S 0SS 440 1 84 5) (lax 55 LB (NNP) Lalls (g5l ot
(b S 3 s el Ladlbl ol s oiS s S8 SISy 5 Sl
BB om 28 Gore Sl oS g SIS S5k 5 Bl Olsea | oS
35500 s Gl i mie Ulgea CodS S sl il WS S5 S0
G5 Srpr e bl s ile i bl b3l 5o AL
Olgets CondS S5 pam onilzel jsliees XRD Lo sl s (R=1/44)
Salbl 51 (Sl (ila s 5 el ol slams o dnl S3la 2
Oslee o gl b 0 801 Olgisas il o (Gt cpl 53 Wl S Oljee b (sl e
slaabl [l Sl sw iy sl oledide 5505 S el e 5 ALl
Saasl s jsliens e Al 5o (gl it b s L SB 51 e g 5 S
Sy 83y e sl 5 5Lk


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

£0) g 3 oAbl 1S3l a5 sl 3ol Sl ot Lol ABA 355 L AT sla e

1P ol
oSisle3l s 5 0L (S55 5 o paizms OLulid IS 5 S e 31 o sins
035 @alp o Ol 8 8Ll Sdre Cagjlae 5 S5I 550508 5 end 55

J).J:L;a J\)).’\.‘é E) ;»JJ CLQJ:».:LG‘)T rbu\ E) Lhd.:ju :\.:e_: B Sdelaw 5 Sledze

@\;.o
1. Leach D. L., Bradley D. C., Huston D., Pisarevsky S. A., Taylor R. D.,

Gardoll S. J., "Sediment-Hosted Lead-Zinc Deposits in Earth History",
Econ. Geol, Vol. 105 (2010) 593-625.
O o gl e far 5 p s Ol (LS bt W SOz oS Y
(¥20) Jal oy S35 5 Sl il L]

3. Rajabi A., Rastad E, Canet C., Alfonso P., "The early Cambrian
Chahmir shale-hosted Zn-Pb deposit, Central Iran: an example of vent-
proximal SEDEX mineralization”, Miner. Deposita (2015).

DOI 10.1007/s00126-014-0556-x.

4. Maghfouri S., Hossenzadeh M. R., Rajabi A., Choulet F., "A review of
major non sulfide zinc deposits in Iran", Geoscience Frontiers (2017) 1-
25. http://dx.doi.org/10.1016/j.gsf.2017.04.003

PP SIIFS o e e e 2o S LS GO eyl (A 0

Ol K mls 0l ss M Gune ol —dsl dlr el o e 5 Jamaes 5

OYAY) 558l s o8 Ol

6. Singh R.N., Doulati Ardejani F., "Evaluation of factors affecting pyrite
oxidation and subsequent pollutant generation in backfilled open cut
coal mines”, 8th International Congress on Mine Water and the
Environment, Johannesburg, South Africa (2003) 173-186.


http://dx.doi.org/10.1016/j.gsf.2017.04.003
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

WA Sl ¥ 5 jled cond )l A pundige i s &5 oy

7. Kuyucak N., "Role of microorganisms in mining: generation of acid
rock drainage and its mitigation and treatment"”, Eur. J. Miner. Process.
Environ. Prot. 2 (2002) 179-196.

8. Nowaczyk K., Domka F., "Oxidation of Pyrite and Marcasite by
Thiobacillus ferrooxidans Bacteria"”, Polish Journal of Environmental
Studies Vol. 9, No. 2 (2000) 87-90.

9. (GARD) "Global Acid Rock Drainage uide", http://www.gardguide.com
(2018).

10. Parbhakar-Fox A. K., Fox N., Hill R., Ferguson T., Maynard B.,
"Improved mine waste characterisation through static blended test
work", Minerals Engineering, Volume 116 (2018) 132-142.

https://doi.org/10.1016/j.mineng.2017.09.011

11. Dold B., "Acid rock drainage prediction: A critical review", Journal of
Geochemical Exploration 172 (2017) 120-132.

12. Sherlock E. J., Lawrence R. W., Poulin R., "On the neutralization of
acid rock drainage by carbonate and silicate minerals", Environ. Geol.
25 (1995) 43-54.

13. Broughton L. M., Robertson A., "Modelling of leachate quality from
acid generating waste rock dumps”, Preprint for the Second
International Conference on the Abatement of Acidic Drainage,
Montreal, Quebec (1991) 18.

14. Hageman P. L., Seal R. R., Diehl S. F., Piatek N. M., Lowers H. A,,
"Evaluation of selected static methods used to estimate element
mobility, acid-generating and acidneutralizing potentials associated with
geologically diverse mining wastes”, Appl. Geochem. 57 (2015) 125-
139.


http://www.gardguide.com/
https://doi.org/10.1016/j.mineng.2017.09.011
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

Loy g 3 oAbl 1S3l a5 sl 3ol Sl ot Lol ABA 355 L AT sla e

15. Plante B., Benzaazoua M., Bussiére B., "Predicting Geochemical
Behaviour of Waste Rock with Low Acid Generating Potential Using
Laboratory Kinetic Tests", Mine Water Environ, (2010) 20.

DOI 10.1007/s10230-010-0127-z

16. Petrini R., Cidu R., Slejko F. F., "Thallium Contamination in the Raibl
Mine Site Stream Drainage System (Eastern Alps, Italy)", Mine Water
Environ. 35, (2016) 55-63. doi:10.1007/s10230-015-0346-4

17. Qishlagi A., Moore F., Forghani G., "Assessing the Spatial Variability
of Total and Available Cadmium in Soils of the Angouran Area, NW
Iran™, Soil Sediment Contam. 19 (2010) 707-724.

doi:doi:10.1080/15320383.2010.499919

18.Qishlagi A., Moore F., Forghani G., "Characterization of metal pollution
in soils under two landuse patterns in the Angouran region, NW Iran; a
study based on multivariate data analysis", J. Hazard. Mater. 172,
(2009) 374-384. D0i:10.1016/j.jhazmat,2009.07.024

19.Sharafi A., Doulati F., Rezaei B., Sargheini J., "Environmental
geochemistry of near-neutral waters and mineralogy of zinc and lead at
the Angouran non-sulphide zinc mine, NW Iran", Journal of
Geochemical Exploration, (2017) 1-52.Do0i:10.1016/j.gexplo.2017.11.020

Glacdlas Sl 5 OSSN o — gy O plasd s g 2" 08 WL e a3 T

SNV OTAY) VY 6 jlas cah g (63,018 ol pns Aes Mailae ST 5 (51K
21.Bouzahzah H., Benzaazoua M., Bussiere B., Plante B., "Prediction of

Acid Mine Drainage: Importance of Mineralogy and the Test Protocols

for Static and Kinetic Tests", Mine Water Environ, 33 (2014) 54-65.
DOI 10.1007/s10230-013-0249-1


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

WA 5L ¥ 6Lt (oan sl Al puedige olid e &0 $0¢

22. Lawrence R. W., Poling G. W., Marchant P. B., "Investigation of
predictive techniques for acid mine drainage”, MEND/NEDEM report
1.16.1a, Canadian Centre for Mineral and Energy Technology, Ottawa,
Canada (1989).

23. Kwong Y. T. J., "Prediction and prevention of acid rock drainage from
a geological and mineralogical perspective”, MEND Report 1.32.1,
CANMET, Ottawa, ON, Canada, (1993).

24. Boni M., Gilg A. H., Balassone G., Schneider J., Allen C. R., Moore F.,
"Hypogene Zn carbonate ores in the Angouran deposit, NW Iran",
Miner Depositam 42 (2007) 799-820. DOI: 10.1007/s00126-007-0144-4

25.Daliran F., Pride K. Walther J., Berner Z. A., Bakker R. J., "The
Angouran Zn (Pb) deposit, NW Iran: evidence for a two stage,
hypogene zinc sulfideezinc carbonates mineralization”, Ore Geology
Reviews, 53 (2013) 373--402. D0i:10.1016/j.oregeorev.2013.02.002.

26. Gilg H. A, Allen C. R., Balassone G., Boni M., Moore F., "The 3-stage
evolution of the Angouran Zn “oxide”-sulfide deposit, Iran”, In:
Eliopoulos,D.G., et al. (Ed.),Mineral Exploration and Sustainable
Development. Millpress, Rotterdam, (2003) 77-80.

27. Ghadimi S., Forghani G., Kazemi G. A., "Distribution, geochemistry,
and mineralogy of aerosols in the Angouran Mine area, northwest Iran",
Environ Geochem Health, (2018), Published online,

https://doi.org/10.1007/s10653-018-0084-1

5ol B Wl Cbli> Olosle (Ol 3 Jasecan s glas ikl 5 Lalys" YA

(\VaA) s=

29. Jiang X., Lu W. X., Zhao H. Q., Yang Q. C., Yang Z. P., "Potential

ecological risk assesment and prediction of soil heavy-metal pollution


https://doi.org/10.1007/s10653-018-0084-1
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

£00 g 3 oAbl 1S3l a5 sl 3ol Sl ot Lol ABA 355 L AT sla e

around coal gangue dump, Nat. Hazards Earth Syst. Sci., 14 (2014)
1599-1610

30. Sobek A. A., Schuller W. A., Freeman J. R., Smith R. M.,"Field and
laboratory methods applicable to overburdens and minesoil”, EPA
report no. EPA-600/2-78-054, US Govt Printing Office, Washington,
(1978) 47-50.

31. White W. W., Lapakko K. A., Cox R. L., "Static-test methods most
commonly used to predict acid mine drainage: practical guidelines for
use and interpretation”, In: Plumlee, G.S., Logsdon, M.J. (Eds.), The
Environmental Geochemistry of Ore Deposits. Part A: Processes,
Techniques, and Health Issues. Reviews in Economic Geology (1999)
325-338.

32. Lawrence R. W., Wang Y., "Determination of neutralizing potential for
acid rock drainage prediction", MEND/NEDEM report 1.16.3, Canadian
Centre for Mineral and Energy Technology, Ottawa, Canada. (1996)
149.

33. Mohammadi Z., Modabberi S., Jafari M. R., Ajayebi K. S,
"Comparison of different static methods for assessment of AMD
generation potential inmining waste dumps in the Muteh Gold Mines,
Iran", Environ Monit Assess, 187:374, (2015) 1-14.

DOI 10.1007/s10661-015-4306-z

52l Sol Ol o™ € oo sl b e oS W solse cp ssdenna Y

lad o Jlo oy GBI latags Mods) elS 4 Sl 3 oS jolis

AT (OFaY) ¥


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1399.14.3.5.7 ]

WA Sl ¥ 5 jled cond )l A pundige i s &5 o1

35. Taylor J. C., Hinczak 1., "Rietveld made easy: a practical guide to the
understanding of the method and successful phase quantifications",
Sietronics Pty Ltd (2001).

36. Paktunc A. D., "ModAn-a computer program for estimating mineral
guantities based on bulk composition: windows version", Computers &
Geosciences 27 (2001) 883-886.

37. Paktunc A. D., "Mineralogical constraints on the determination of
neutralization potential and prediction of acid mine drainage",
Environmental Geology 39, Springer-Verlag (1999) 103-112.


https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.3.5.7
https://c4i2016.khu.ac.ir/jeg/article-1-2870-fa.html
http://www.tcpdf.org

