. &3Lal (ol (o adomo
Journal of Economic Geology =

Vol. 7, No. 1 (2015)
ISSN 2008-7306

(1394 L) 1 ojless 7 >

i 146 15 129 cloics

doudazs g (g yizo dlbl SOuw dogS 510 4 ¢y S| LS ‘_sl.bd..u"l).‘-) I

4 . . 3 . . 3 LT 2, . . Lo*
oébdﬁl.om‘wa&g @Lua)g..a.o.o ¢ ‘S.Agl.c,)ﬂ‘b_’lqoo)h;dgo)rob&‘ b_a.wg.g‘q.g.w

Ol (ol g iz o oKl oyl yobmo 00550/ (1
Ol el (Ol oKty o i5 (sloouSails s ¢ ydee 0uSiiils (2
Ol g0l g 8L olKails (0 jugl] g i ¢ e pwdigo oS «SliiST 09,5 (3
Ol (ol oo golio (o Ty iz s o paiime wlellhs 5 i jgol e Lamo 5 T ay (4

1393/3/21 1 5,3, 1392/12/21 il

Syglome )0 eS| 5mam Glie el (6318 wdlg olae aorelin s OMSL I (Ko (gl Sloj adgi 5 oy LS
2 O5eeST JUE ) e slaanlp alulid cnlpln CaslendlS cnl GlalesT l5ee 008 J5S Jole (2 rages ccsdpilims SleadlS
ladesS ;o ool o> auily 6 3 diged 30‘u...ms)_a Ol g ayls caenl Jlay o cangy byl e albl Soiw sladssS JSls
Jdos o6 yues PH iole1 ASTM-D2492 iole;T XRD ay555 5l ool b g ol p o poo o (e 31 9 19 alloly
ols yLas XRD gl s 8 )1, 8 )y 0,90 calbl dlge a5 (5T Sl slaos s ¢ ol o Slaslie fuimen 5 ganails
g Loasges ST 50 Cojm jpa> 4 axg boiies aiges ;0 Ll Slewsls 595)] 9 Cuym wla IS iSs cudl o5l sleslS
(glme Slaalie bl og sl LB dsiar o (e e albly Sew sladesS ;3 saunl Slaj adgs @l S SlealS 9923
8125) gl im0 L o po (sladiges 0 45wl lulids 6505 53 slosl )0 gbye 5 5 (slsn (555 (o)ls b plal e
el ol (288 53/13) pH 4 (0e,0 6/23 5 1/5) co s oo Jilie 10 9 YU (0o 0 7/02 4 4/5) Slidgs o (0o, 13/43 4
JLasl ool d Gacs ouaS J S opmojle aY jaas g OIS olail cKeal Jole g0 wls lid pioren odel Cewsay gl
4 eS| il 5o Lalae 01,8 egS Bl bl g (S wlociis o slge 5l g &8 yan diloas el Jalge oyl DSl oo ST
03 S 00iS aanST (gla s Sl Sudlad (6l colin Lasl 1 sloml 5 YU (slos y5unST 5939 Sl aiy1p ol lalis ol o

Wyl Jlos a1 albly Ko degS 5 05mb Blael b g yiin Gald b Co o HioluSTas

loalbl o iSO jgloe 0 Sy paasar g3l8 doddo

5! ol wla; (Borden, 2003) asl o 3Ll goxe
s 25y 5 2 (alords55 Lo 03,5 el G2k
Jobss g 0t (o 09ills jolie 5l VL sleilile Joo
2 LS e jibieos gblie o) jole oloactss)
P9 Sy Sl s pdnliplhpe Slil &S (lagS 4 w0

1. Acid Mine Drainaae

s.yousefi@birjand.ac.ir clsle Jsgums

EASte 055 5 31 5 (AMID) T e (sl ol
L St ol il (658550 o olae ;o Jamecns )
5 @l G Sl i bl Conds 4 az g
sl ey bz (6l 1) (glite ;- las lie (5558
Sy Ll 625,18 ST 50 sonl Slaj adgs S e



OhlSen 5 g 130

leingsy 4S5 Jl> 50 00 pll (5518 slaalbly Las
Smuda et ) coul asl olais! albl gloassS 4 Sl
SloassS Keals aidge ool cle o ioge (al., 2007
Sl (ploar gt 9 (b G ((Sojd Sl 5l albly S
Morin et al., 1994; Nichol et al., 2000; Lefebvre )
et al., 2001; Molson et al., 2005; Azam et al.,
0515 5 o9 oy Al a4 (5,98 slaalbsly ,s.(2007

Laalbly (5,0 4 395 w8 oy 51 e ()5S calloly s
Elberling et al., 1994; et al., 2014) ool = ol,
o b ool ol Kiaghy oplplo (Jannesar Malakooti
L ol 55 gl e 5 g e ciemeST 3585 (5e
Ol Gl (e a4 (go0e Lo Jow 5l oolaiul
Morin et al., 1988; Wunderly et ) sslazsls e

al., 1986; Blowes et al., 1991; Elberling et al.,
50 Jolis ,0.(1994; Jannesar Malakooti et al., 2014

90y dlocd o albl slge jga> cdeas albl sladsgS
KU I\ YLV VRS TV 3 [ | -4 SR SRV SPRR VY ol
LSS 0 0ol 90 ool Glejen g el anil Juso
S S Gsl dalbl S slodssS b ol o slpuiXanls
O ale jslaiedy 955 oo Ll 5o liariisl Slam) 2
9 3¢5 claa ] Lid (goae lojlwJoe o (i
03 ) ‘MK‘A} ujg_.odq w)...: uAﬁJLAAS‘ o uﬁ)w.{b
(Cathles and Apps, 1975; Jaynes et al., 1984; ..

Davis and Ritchie, 1986; Doulati Ardejani, 2003;
Lefebvre et al., 2001a; Lefebvre et al., 2001b;
Molson et al., 2005; Doulati Ardejani et al., 2010;

o=l ,o Silva et al., 2009; (Brown et al., 1999
oy ke 15 Jlalll assS 05 Ren 28 L ledosy
oo 9 Pl S3lede (28 )0m by Glie 9 95 Olies
Oliee (o (639,950 Wwadlie (ol 51 Sy pa lade jois L
Lz Loyl b gl ganwl Olay ades 5 Coyu LS
Sloaulp Lol drog 390 ;3 ol Sledwgh (et
Cewl 00l pladil goae (g3lu e 5l oolainl b 5T Jlazs!
5 o5y Slogasr g ol ool hlite o5l Jg

ol 4855 513 o) 2 9550 Albly S oy culid SIS

1. Diffusion

2. Convection
3. Overburden
4, Waste rock

5. Tailing wastes
6. Heap and dump leach wastes
7. Slag wastes

Syl YHM Gl ol .ccils sales oo 4 Joxs
(o 2] Gy 3 ad 5 b slagys 5l solj Sl
STy s 9 e sleel wlee

Cloj adss ol ae Glyieas Cu e GRleST Oliee e
2 Sopdlads GUls ol 5o (cete Gk (gl
o5 (Sracek et al., 2006) sls oy slaalbl
e s0 S S slao 1,8 (59, ol sl—imgp
Cathles and Apps, ) cul oo plosl e ol
1975; Jaynes et al., 1984; Davis and Ritchie,
30 O T JLasl e dgimgtn ) ol (1986
J_S‘é_n J)_...S ‘) u_))...) ‘-)AAJl_AMS‘ 09?5 “S:J..’.A LngdJJaL:
D3 Szl g0 Gayb Sl albl slse o (ST Jla
255 o0

5 T ST L (LalS ey T ol Tagis -1
F o b ieST el ) 10T o 095gas allols Slge J3-s
i adbly olgs S658 Olvgar 4 4>l L asie
(Doulati Ardejani, 2003) 4.5 .o

L glp S oolis cleay lgn i yon lsn i yon =2
lgo J&> Dglas cavs o 7, o )5 g albl olge alises
Gl o S8 28Ty 00 aas wles sle,S e ay
20 eS| JLasl slaan] s (Lefebvre et al., 2001a)
slodbly IS jsbay .cul Gglaie Joxe alize slaallbly
st ligy (110, ol 25 09,5 @iy 0 Ol (o0 | (sione
(42,50, slaalbly (3 falbl cliSiw (2 3 suse
laalbl (5 5% L tg8 anlp 5l oasle L, claallsl
(Khorasanipour, 2011) "3 «ils I

cleary 6,5,8 slaalbl 5 albl lySis daalbly ol 5|
Sl oy adez 5l sondlan LSS YL polis jga>
slaalbl .o s coenl oy inS sl slaaw s g
adbl o as g ailo ) g amle 39a ;0 (glojlasl (g4l 8
Awd  Sdme Jle o5 olge Jols albly sl ( Jilio ;o
U 4l Jlasiul 5 51,8 o) ool Ll o oS
L5 oy 5l el o3lsl 5l sanusy il (g5l Laalbly o]
adbl S lodasgS o g aiwd (Sw S, Olalad
33 60l e Semy Sletagh (9L Lgd oo anils]



131 o e e albly S gladesS S5 4y y5enST JE! sloanTd )y

(1394 JLi) 1 o)l 7 o>

shassls plas 1, Zn g Sb Pb Ni Mo Fe .Cu Cr Co
Modabberi ) oJ,Lses 5 (5 200 sletgsy sobol 52 (20
2yl b oo 54 31 319 A5 slaasss (et al., 2013
O 5 Soeilgw dunl p,55L5 92/17 5 107 199/31
ls 1) g Jeadliy it (KG HZSO;4 1) albil,
YL slelale 5 YL sl g5 Jously @y a5 b cnlnle
35 ol (L US22) 31519 slasess ol 5 ot ol

Wad ol addlas 5,90 sladesS laicas

axdlao g0 ddlaino

5 0bosS ot wsiz yreshsS 160 50 aniz s s pans
IS5 el 0030,8 @Bly (loind) 056 g (55205l S0
D3 on Ol |y dedzr s e Gane (LSl CoaBse A
(LS Gblie ;o (58,5 )18 Cleay dniir o e (e
5 ke Slesliasl g 30l g S w0 lailins Sl
L300 ¢ adlate ol ) (592 (b Ol ol Joine
53 L ety ol ol oads (3,155 Lo 53 e oo 550
3 S AT 35 o0 onmlie (303,58 )31 Glej Jolsd
Sy Glo)S ©xE cgix b oje gladds> ) cn ot
(Orandi, 2006) s 5

Sy o 2L 05555 5l (S Az o ey LS
Sxsilg (95 4S5 Sl (6lo)l8 (sloileS )3 @Bly (rwgansS|
ilor Oluss bt g ouds LSa3 g3 01 ) 059
SlelS laST L ailsi o bolssS oyl . Consl o sy
S sl Claj adsi e Glyieds 395 (5518 anilge
oz oo 5Ll )0 L sl G o yiagen Bl e
02l Gl S35 Coms)lf w2aisS woilonlsl ai e
IR 095 0 S 9 SawgSII o LlsS (495 50
5 4yl CogSI sl ge (S sSIST oo EsS
Ojgmed adilaie )0 35195 slpazas, ol jenan C)g
(Modabberi et al., 2013)

O 3l gaxs ool 5 gdie 22 4L ol > 0
Cosl (5L 9l Gl & 9o gl Pl dedizr pu e
ol oo adbl K 5 5592be 300 51 i 0 Jgs
Ll one oy Bl e 31 4 ous g slaallsl
Sl 5 aalbly JUizl célus zals ulol 45 wiloas

1. Ongoing gossan formation
2. Acid Rock Drainage

3. Ulothrix Gigas

loanl jax waleh ollid Ghagh ool Bae ol
95 Ll G rimen g albl ansS [0 190 28 )00 5 393
el an T coles ;0 a8 v walyS o o luST e
Ad apler 8 e adbl S degS a4 yienST Jlal o
53 bl assS o LSl l—twghy 455 inl 99,50 L
5 gooe slaas 1o Jo3o slaan]d 5adly 5 2 ogd
P el o pae sl Sal; adl)l 6l rien

Wbl dute wlie oles g axlllas 0,40 dalais
W o e g Ol amly co s aas Sl e o
Eime dawgi g 5iS H9al lawgi (3Loj Sle—tag
535S e 3l cos Galies glohane 55 dniizr o
ST ooy ol sy el o plosl adlans
Komeizi, 2000; ) s cime Sby—w, g ol
5 ez9,> ooy Segll v, » « (Khorasanipour, 2011
Doorandish, 2002; Orandi, ) albl, i slaassS
iz Bkl (alS 5 S amatens; (o, (2006
Khorasanipour, 2011; Ghotbi Ravandi, 2007; )
olie o pdnassS ) (Rastmanesh et al., 2011
598 4l )5 slao by ey S Sledae )0 cams
Esmaeilzadeh, 2012; Abbasnejad, ) 5!, slaalbl,
(2012; Keshavarzi et al., 2013; Sharifi et al., 2013
sloadbl olerdg) g (olid LS Slogas (pon
—,» {Jannesar Malakooti et al., 2014) s,ol,3

Modabberi et al., ) albl S slaaesS oljoul ol5me
sl 5 datiz o slaplnsS Cuady w5 (2013
Sl ol s s 5 TS s s 5o slaplas

.a3b e (Atapour and Aftabi, 2007) (ARD) 2 S
@bl Ko slaassS ooy plomil gly—imgty olol
o Eeizme )0 (Gl Clay Sl oLl gy ytages
aibe ulyi s4>g.(Orandi, 2006) s doic o
Pl 45 PSS s gl e sl slgSlr
Ourandi ) axib o pSiw polic YL cbile b slacls;
S5 8 a5 SLalS e ian 5 (e l., 2009
SloassS ) (rs S sleiny Sl bl s ool Sty
ool i clrdngS o lawwl sacas lis albl Ko
19 11 slaassS Claj (Orandi, 2006) syl slongs
Cd AS s yolic clale o YL oy oxe 31



Sl paiges B atily 2 4 baily oolos jo 08 plnl SO (dre Sy 09 b bl Ol sz
28l aalsl 520 3 iSTas as b Laseiie las! (Orandi, 2006) wlsws

bl slyo (5l (glars St s 40 B ail s o
Job 0283 plonl (6,505 53 Gos 50 5l (50 paised Leligy 9 Olgo
5 o5 58 8 ainei 30 Lesazme (5l aigas Slokes A 415 6 51 s lo piges « il Blanl & obaws sl
b Cls p alise slaaiil Gl ssS 1o o ya> (C 4B-1 Jsi)F sE D C B

(ol O ygods i s pao (ydme 31 9 19 albl S

Kilometers

Legend

. Depth Sampling Point
Shour Stream
Waste Dump
9 C B A s PRIy ‘_gl.mé.uu‘).: 531 Mﬁs C«.:.‘J}o B 6‘0)5.@&) PeaS HO ydxe dfgone A Aol pw o (yd0 ‘S:L.‘B‘)D C«.:.Q}o 1 JS.«:J
FjE o..\.m)j?‘_gl.md.uu‘).:5lg Mﬁfﬁu}.‘l}o.c D

Fig. 1. The geographical position of Sarcheshmeh copper mine A: mine complex in satellite image B: dump 31 position
accompanied by the location of trenches A, B, C and D. C: dump 19 position accompanied by the location of trenches

E and F.

1. Diffusion 5. Tailing wastes
2. Convection 6. Heap and dump leach wastes
3. Overburden 7. Slag wastes
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Table 1. Characterization of ASTM sieves used for particle-size analysis

Row Inch & Mesh Micron Row Mesh Micron
1 4.25 Inch 107600 11 10 Mesh 2000
2 3 Inch 76100 12 14 Mesh 1410
3 2 Inch 50800 13 18 Mesh 1000
4 1 Inch 25400 14 25 Mesh 707
5 0.75 Inch 19000 15 35 Mesh 500
6 0.5 Inch 12700 16 45 Mesh 354
7 0.375 Inch 9510 17 60 Mesh 250
8 0.25 Inch 6350 18 80 Mesh 177
9 4 Mesh 4760 19 120 Mesh 125
10 7 Mesh 2830 20 200 Mesh 74
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Table 2. XRD result in waste dumps samples (all data in %)

Trenches Sample D(?g;h Qz Py Ms Il Kin Or Ab Chl Mnt Ep But Jar Gp
"Al 0.2 36 12 14 9 - - - 12 - - 9 38 -
A2 0.5 44 19 13 7 - - - 7 5 - 5 - -
A3 0.8 50 13 12 7 - - - 8 5 - 7 - -
A A4 1.1 43 10 9 6 5 8 - 4 - - 9 6
A5 1.5 49 10 10 7 - 8 9 7 - - - - -
A6 2 31 - 5 - - 9 40 - - - - 8 7
A7 2.5 33 ¥ 7 5 - - 40 - 5 - - 6 -
A8 3 33 2 8 6 - - 46 5 - - - - -
B B1 3 52 6 13 6 5 6 7 - - - - 5 -
B2 5 38 - 7 5 6 7 15 8 - - - 14 -
C1l 0.2 46 4 11 6 6 6 14 7 - - - - -
C2 0.5 48 4 11 7 - 6 18 0 - - 6 - -
C C3 0.8 43 3 7 5 - 7 25 10 - - - - -
C4 1.1 50 4 17 8 6 8 - - - - 7 - -
C5 1.5 49 4 16 8 5 6 6 - - - - 6 -
D1 0.2 37 4 11 8 - 9 24 7 - - - 6 -
D2 0.5 42 5 10 6 - 7 23 7 - - - - -
D D3 0.8 36 5 9 5 - 8 30 7 - - - - -
D4 1.1 45 4 10 7 - 7 18 9 - - - -
D5 1.5 33 - 9 6 - 7 25 9 5 - - - -
El 0.2 34 11 10 8 9 - - 12 8 - 8 -
E2 0.5 49 5 13 - - - 14 15 - 4 - - -
E E3 0.8 47 4 11 5 - - 19 14 - - - - -
E4 1.1 50 - 14 8 - 7 10 11 - - - -
E5 1.5 59 2 9 7 - - 10 7 6 - - - -
F1 0.2 41 13 12 8 - - - 18 - - - 8 -
F2 0.5 30 13 15 6 8 - - 28 - - - -
F F3 0.8 25 14 15 8 7 5 6 20 - - - - -
F4 1.1 42 - 20 9 7 7 - 9 - - - - 6
F5 1.5 57 - 23 - - - - 9 - - - 5 6

*: The English capital letter in the beginning of sample name represents the trench name
Qz: Quartz, Py: Pyrite, Ms: Muscovite (Sericite), IlI: Illite, KIn: Kaolanite, Or: Orthose, Ab: Albite, Chl: Chlorite, Mnt:
Montmorillonite, Ep: Epidote, But: Butlerite, Jar: Jarosite, Gp: Gypsum.
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Fig. 2. Hot and humid air flow through the trench B rock in 3 meters depth (room temperature 8 ° C)
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Table 3. ASTM-D2492 and paste pH experiment results

Trenches  Sample De(p>nt1r)1 MO'St(l;Z; Paste pH Pyrite(%) SO, (%) F@Z;
Al 0.2 4,73 2.43 11.79 4.41 3.86
A2 0.5 3.07 3.92 18.21 2.31 3.72
A3 0.8 4.33 3.16 12.86 411 3.40
A A4 1.1 3.17 3.3 6.94 3.66 4.43
A5 15 1.24 4.36 15.77 2.13 2.38
A6 2 13.23 3.79 0.64 2.55 2.71
A7 2.5 9.88 3.86 2.79 2.25 2.55
A8 3 6.40 4.04 0.38 15 1.70
B B1 3 8.25 3.13 6.23 45 3.23
B2 5 13.43 2.88 1.50 7.02 4.84
C1 0.2 3.58 6 2.74 0.78 431
C2 0.5 4.50 6.34 2.49 0.6 4.30
C C3 0.8 3.67 5.97 212 0.63 3.83
C4 1.1 4.56 6 3.19 0.69 5.36
C5 15 6.74 5.99 2.91 0.72 5.33
D1 0.2 3.51 4.4 2.68 1.56 4,78
D2 0.5 2.14 5.4 3.51 1.53 4.38
D D3 0.8 3.17 5.68 2.94 1.41 4.21
D4 1.1 2.96 6.3 2.96 0.99 4.09
D5 15 2.29 3.99 1.41 1.24 4.17
El 0.2 4.88 3.84 5.72 4.41 6.01
E2 0.5 4.63 5.97 2.31 1.65 7.93
E E3 0.8 3.02 4,57 2.78 1.47 4.87
E4 1.1 3.68 6.01 1.46 1.47 6.46
E5 15 6.48 6.68 1.29 1.44 6.73
F1 0.2 5.31 2.94 10.88 4,98 3.00
F2 0.5 5.33 3.75 13.71 1.08 1.90
F F3 0.8 6.63 3.72 12.51 1.98 2.13
F4 1.1 5.80 3.84 0.28 1.35 2.19
F5 15 5.19 3.88 0.43 1.35 2.96
Oxygen
Diffusion

Heat

Conduction
(Lefebvre et al., 2001a) albl S a0sS oSl Lol slaas)d ogpie Jow .3 S

Water
Infiltration

Gas

Convection

Fig. 3. Conceptual model of the main physical processes acting within waste rock piles (Lefebvre et al., 2001a)
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Fig. 4. Interaction of temperature and oxygen supply processes linking pyrite oxidation (Lefebvre et al., 2001a)
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Fig. 5. Secondary minerals (jarosite and kaolinite) ratlated to the warm and humid air channels and sample points in

trench B
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Table 4. Sample characteristics associated with warm and humid air channels in trench B

Depth XRD Analiysis ASTM-D2492 expriment Paste Moisture
Sample (m) Total of c(l% minerals Ja(ro(j:)lte Pyrite(%) Pyrite(%) SOL(%) pH (%)
B1 3 24 5 6 6.23 4.5 3.13 8.25
B2 5 26 14 - 1.5 7.02 2.88 13.43
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Table 5. Particle size distribution parameters of samples for trench A

Sample Depth(m) Djo (micron)  Dgp(micron)  Dgo(micron)  Cy Cc
Al 0.2 1250 4750 12500 10 1.44
A2 0.5 2100 8000 1520 0.72  20.05
A3 0.8 2500 8000 15100 6.04 169
A4 1.1 3250 1850 33000 10.15 0.03
A5 15 1600 30000 46000 28.75 12.22
A6 2 175 540 2550 14.58  0.65
A7 25 500 1950 6000 12 1.26
A8 3 185 700 6000 3243  0.44

Fasly o abl slge ol,8 ojlail Kl 6 S

Fig. 6. Particle size heterogeneity of waste material in trench F

1. Rezonite
2. Melantrite
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Fig. 7. Evidence of warm and humid air channels in the surface of dump 19 which was accompanied by forming
secondary minerals such as melanterite (blue), rozenite (white) and iron oxide (orange)
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Table 6. Result of superficial samples in comparison with the average of deeper samples in the trenches

XRD Analiysis (%)

ASTM-D2492 expriment (%)

Sample Depth Total of hydroxy Total of clay Paste pH Moisture
(m) - : Feon SO, (%)
sulphate minerals minerals

Al 0.2 17 (12.5)* 35 (30.75) 3.86 (3.84) 4.41 (3.05) 2.43(3.2) 4.73
C1 0.2 0(4) 30 (25) 4.3(4.1) 0.72 (0.66) 6(6.1) 3.58
D1 0.2 6 (0) 8 (6) 478 (4.21) 1.56 (1.29) 4.34 (5.34) 3.51
El 0.2 8 (2) 39 (32.5) 6 (6.3) 1.47 (0.5) 3.84(5.1) 4.88
F1 0.2 8 (3.5) 38 (48) 3(2.3) 1.66 (0.48) 2.94 (3.6) 5.31

*: Amount in parentheses represents the average of four deeper samples than the first one (depth from 0.5 to 1.5)
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The flow effect of ferric and sulphate ion-rich fluid on the rock

vy

e

Hardpan layer with thickness of 30
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Fig. 8. The hardpan layer and the flow effect of ferric and sulphate ion-rich fluid in trench A
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Fig. 9. Remaining rainwater after 24 hours of the end of rainfall on the dump 31, in December 2011
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Introduction

Pyrite oxidation and acid mine drainage (AMD)
are the serious environmental problems associated
with the mining activities in sulphide ores. The
rate of pyrite oxidation is governed by the
availability of oxygen (Borden, 2003). Therefore,
the identifying oxygen supplying mechanism is
one of the most important issues related to the
environmental assessment of waste rock dumps
(Cathles and Apps, 1975; Jaynes et al., 1984;
Davis and  Ritchie, 1986). Although
comprehensive researches were performed on the
mathematical description of oxygen transport
processes using the numerical modeling (Morin et
al., 1988; Blowes et al., 1991; Wunderly et al.,
1986; Elberling et al., 1994; Jannesar Malakooti et
al., 2014), so far, the interactions between these
processes and geochemical and mineralogical
characteristics has not been studied especially in
waste rock dumps. Therefore the main objective
of this study is to identify the evidences for
knowing the oxygen transport mechanisms in the
waste dumps and also, its role in intensity of
pyrite oxidation. It is expected that such these
structural studies could be useful for Dbetter
understanding of dominant processes in numerical
modeling and also providing environmental
management strategies in the study area and other
sites by similar characteristics.

Materials and Methods

In this study, thirty solid samples were collected
from six excavated trenches in the waste rock
dumps No. 19 and 31 of the Sarcheshmeh
porphyry copper mine. Collected samples were

*Corresponding authors Email: s.yousefi@birjand.ac.ir

studied using several methods such as XRD,
ASTM-D2492, paste pH and grain size
distribution. The results obtained from these
methods were used with the field observations in
order to characterize some detail information
about oxygen supplying mechanisms for oxidation
reactions in the waste rock dumps.

Result

The main minerals found by the XRD analysis
were quartz and muscovite which were present in
all samples. Pyrite, orthose, albite, and chlorite
were also present in some samples. The carbonate
content as the major neutralizing agent was zero
in all samples. Due to the presence of sulfide
minerals, mainly as pyrite, and also lack of any
carbonate minerals, the AMD generation from the
Sarcheshmeh waste rocks during the weathering
reactions is predictable. At the Sarcheshmeh mine
waste, several secondary minerals such as
butlerite, jarosite and gypsum were detected by
XRD at some depths. Moreover, amorphous iron
oxyhydroxide minerals visually observed in waste
dumps were not detected by XRD due to being
negligible and low level of crystallinity. Hence,
they were measured in terms of (Fe,.) by ASTM
standard test method. The ASTM-D2492 standard
test showed that pyrite, sulphate and iron
oxyhydroxide minerals (Fe,,) are present in all
samples. Against the XRD method, the test even
detected the negligible content of the minerals.
The paste pH tests showed that 15 samples were
acid-producing because they had pH lower than 4.
On the basis of moisture content results, the
samples by name A6, A7, B1 and B2 showed high
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level of moisture which can be sign of the
particular status in them.

Discussion

According to the field observations, channels with
a strong flow of warm and humid air were
detected in the depth of 3 to 5 meters of the
investigated waste rock dumps. High content of
humidity (8.25 and 13.43 percent) and sulfate (4.5
and 7.02 percent) were observed together with
low content of pyrite (1.5 and 6.23 percent) and
acidic paste pH values (3.13 and 2.88) around
these channels. Therefore, from the relation of
these occurrences, it can be inferred that the air
convection is important for supply oxygen to
pyrite oxidation in the waste dumps of
Sarcheshmeh.

The results also indicate that, two main factors
including grain size distribution and formation of
hardpan layer on top of old weathered rocks are
responsible for the decreasing of oxygen
transformation rate via the molecular diffusion
mechanism through the waste rock dumps.
Considering the presence of coarse grain and
poorly graded material as a proper media for air
convection and also hardpan layer as a confining
factor in molecular diffusion of oxygen, it can be
deduced that the air convection is the main
important mechanism to supply oxygen for
weathering and oxidation reactions in the waste
rock dumps. The abundance of oxygen and high
temperatures in such conditions are also favorable
for bacterial activities, which can then accelerate
the pyrite oxidation in lower depth of dump.

It is expected that the results of this study could be
useful as a basis for providing the remediation
strategies to control acidic drainage. So that
knowing the domination of air convection and
presence of hardpan justify controlling the flux of
oxygen from the coarse material in bottom of
waste dump. Therefore, it would be wrong to
construct the impermeable layer on the surface of
waste dump for arresting the oxygen diffusion as a
traditional method in the remediation.
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