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Abstract: In the Ardakan barite ore deposits, two groups of copper ore
minerals have been identified in the barite veins. The hypogene ore minerals
consist of chalcopyrite and chalcocite, which are associated with pyrite. The
Supergene ore minerals are mainly composed of secondary Cu-sulfides (such
as covellite, yarrowite and anilite), Cu-carbonates (malachite and azurite)
and Cu-oxides (cuprite). Chalcopyrite is the most important hypogene Cu-
mineral which has been altered to Cu-supergene minerals. Chalcopyrite
tarnishing were developed along the joints, fractures and grain boundaries as
films and veinlets. The tarnish color on the chalcopyrite varies from deep
blue, pale blue, pink, yellow and dark gray. The tarnish phases in the
chalcopyrite were studied using SEM - EDXA. Sequences of the
chalcopyrite alterations by the continued oxidation are as following:
chalcopyrite (CuFeS;), covellite (CuS), yarrowite (CusSs), spionkopite
(CuseSazs), geerite (Cu 16S) and anilite (Cu 175S). Alteration and oxidation
caused a series of changes from chalcopyrite to anilite. These changes
include general fluctuations in the Cu/Fe and Cu/S ratio, so that some new
minerals form by Fe and S depletion and Cu enrichment. Weathering of
chalcopyrite to covellite results in a decrease in iron content with
simultaneous increase in copper. Subsequent weathering of covellite to
anilite caused an increase in the Cu/S ratio from 0.9 in covellite, to 1.12 in
yarrowite, 1.45 in spionkopite, 1.64 in geerite, and to 1.77 in anilite.
Supergene weathering in the chalcopyrite of the Arakan barite is mainly due
to galvanic reactions.

Keywords: Galvanic reactions, Chalcopyrite alteration, Supergene
minerals, Barite, Ardakan.
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1- Fluid Inclusion.
2- Epithermal.
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3- Energy Dispersive X-Ray Analysis.
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2Cu* +2H,0+ HCo; = Cu ,(OH),Co,+3H "

(Mal)
3Cu? +2H,0 +2HCo; = Cu,(OH),(Co,), +4H"
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4- Galvanic reaction.



ATAIA S | L S - W1 POV~ ] S IV )

A el 03,55 by ey il et b S oS 53 et il S
o=l g a0 0,ls (YT V) o oSS & s (4 FYE V) 6 5V il Co pn
3 oS53 1y 55 T i gy SIS 1S i ey 25Ty

Sty Soow 2 o sSIS 51 (39 2SN 8 52 s o sSIST 9 o g 5L JLa]
aslllae 550 ddlaie ;5 O] Cnd Cg i gSIS )3 (ploand (53,55 £905 (nl & 29 o0
2 aS 4S5 59k a0l o canlin p93 d Cu eSS L Ly SIS g et bLS)|
Sl S sl |y aiie) 4 amo o £ asgerme () 50 )l L Gla STy o gl
5y St D)3 50 5 M cadlllan 950 Ll 53 350 o0 @il 8 ey sSIS 0y iy
SIS i 3 VYV oy |y e 0l 35 o gl | s SIS iy S
s Mo 99 1Sl e 558U Mo plears (5L 50 el o y55 5 (VL Lo Jenily
egame (al 5y s slogiiSly ins o oS 1y s il ol o oSS 5 il
eSSy i by il b 03,550 s Sl 00 oIS Sl o
25 eSS LS s itz (2l s sl g ol Sl Sl
]

L s wbod (99) lyome & j50 dy Sy o 5l (250 aslllae 0 )50 ddlais o
ol 0 b gl ledslme 5 ol slaaaST a4 (Sojlsn (b g 005 (s sSIE
o5 amy drasils s gl (598 Pl iy GialaST jloa oy goul sledsle
055 30T o M8 (laglilys 411 (sl SlelS st slelone o s SIS
O e Joe sl o ool sloul saunl s> Wigd o Ll 9,8 Sl O jse 43 095
iyl Jalore j0 1) ¢ o Loguas (318 805,10gSS

Emts s ety SIS el 5 |y S 5] S e sy o 55y e Sl
5 L s 50 (slataily iy sLafls | o, plyte 0y lysS nsge ol
Dy g0 0338 ((Swd diged 13) Lo 1 SIS Wl L (glodiges

Bt Sy oIS A 55 S (9,8 CaetsSIS 3, s (5Ll
S50 al> o gl baims GLad SodgsS (4950 Su msSIET (g9 ,Sue Dlalad S92y s oo
el 0095 ol o CodgeS sl b aS ol gy oIS

3 o g g o U5 50T o e (58,515 oK 4y SIS
Sl slaegoms & cale ) 5 09300 gy T ) el Sllslne 5o & ol e lyie
S92y Ba a4 05T a5 alpd )0 Jg 0580 i (2] slaanS g 000 5 0S|
VT 08 bows s 5536 sloadlguw 5l slacgomme a4y wilgs oo il aiils

B O AP PI PRVE S P TRA J TRV ROW Y g PR WY RS
oud glwlid glajls el ol jor Jlauly ans (slajd oloul b oS sl glal> 6 i 0l)8



St 7y ol Hnpe) 08 6,50 VoF

2 sl &yg0 & U o asllls 5,90 aibie 15 e 55 sloygilsm 5 EDX iy, @
«ZagplieadssS 1l i yle 05800 0w (] (19,0 2RazS ) 3o b CusmsSI SIL
il g S ey sSigg

095° 5% S eSS Sl S92 o el S o8I ol Jgazme (sl CudgsS
Wiy dalol s o s | sy oyl il L slodiged ;5 g5 g LSt 5 )]
53 Sl oot cdslan cales 5o 5 Cmgnnl 4 SudssS fows co (Sojlsn 5 luS]
Sy b a8 el SodgsS b o SIS Gl S Jgama 0,5 bl calllas 590 ailate
SlsS3 9dg) 0 9 ¥ sleSd) ol parde i LB e 96 slasedlgns (s 5l dins
el 25 D)z a4 G0 o)l )Ll adkaie o CudgsS

95T (CV) > ags)le (YA) > Loy 5SSl (SP) — < 25(G) > <olsT (An)

o Snles 50 9 dgsS A S SIS Sl S5 0y, CUFR-S (Jge 0o s Jloges
LS sagas wg; Sl (55 4 logal cnl (Y JSE) aes e LS £adg 4 1) cels]
ST (gle STy sl ST iy e dysS bS] b e gl ial3él g 0,555
o Sy SIS (Glo 50 At e oo LS Slilgw 0 Spge 1) 0565 79,5 «SadgoS
a SdysS Sl o (b el s (slgime Gl L ol en ol slyime (ralS woodgsS
SONN-YFO wogg,b 5o Ve A=V Y s cadgsS o A =+ AN I CUlS cais el
g, opal sl a8l T3l LT 10 V VY a0 3L 5 oS 30 VD -V FF iy sSiead
aps¥ s e las colil 4 cdssS laST (b 1) 0,555 (1als 5 s (slgime il
el GuluS| Jomame a5 5,9k 4 alils aslol adlais o Sojlen Wiy, a5 conl (559l0L
g wlyS (45) o eSS (adgsS

3 LYY YO-AYEY) o (P PY-ANFA) i 5 as CdgsS 10 5,555 5 o (59 S0
ATETY-0YA) 5 (PUD -Y)) Cops gl 45 ((YAF -V AD) 5 (FV-55Y) C g5y
o s baosls ol sl YN0 5 Y8 iy ol 15 s (FEYYA) 5 (VY VY- F) oy 5y
o S SIS At 5 yedlsm oy i e (LA 955 @9y Sl 3 ) e (Sud e
el odd oy gSIE 50 1> 50 Dy ) e G g (SIDHE 9o Dlilgu D90

5 SadosS GloySo SVgame (s Colidl ) Cu S i sSseal (Cags )l sl I
03,5 Jooi 1) 3L sl (F93l9n oy SIS 45 Wigdh oo 0 (pladigel ;0 Zu SIS
Ol 59 595 SV gmame a Zo g sSIS 5l (g0 (s ladiges (nl 1o 45 (5)5b 4 oo
Cm s s8I Dlakad 557 10 Cans 4y g 00 jlel o Sl slazal jo LJle  Soslen .l ouls
Somand 03332 ale ;3 Coy 1 oSIT Dlakad 5510 (Som 4 S > LSl 035 (59,
S e g sSIT 55 50 51 590 b g sl (ST s (55315 (sloadlges CU/S



VoY S | L S - W1 POV~ ] S IV )

1y e (S 55 Jlgte Gl (slo STy b gy cnl S e gy il
Sloadlyw 5l (ep)3 degorme dn Cg o sSII plad ladiged (5 )0 a8 o0 (LIS (295
9 A 0ud g9, Laxil 5l (Soslen aS olso))s B e g oud ol 59 (e 593
 JS5) Conl asios

Wloas (sl (Sloaan s e 5 deanST 4y g 00 (LS5 g sy wiile oy SIS (50
sl 03,5 gy 033l5m Aigai BLbI )0 o T il S S jge 4 ST e slgime
4 Canl (B g eSS Slayg) 4 bgrpe wiad o (LA 1) (SLe S0 g5l & (ladiges
@lala S8 &S Jlo o cwl ad 515 s 5aST g9z slac! 56 cos Jo]) 4
sloogy L (ateie LI wiload fad e $9il laogdlgw 5l (s00)0 degorme 4y a5
ey Sy o0 Hha3 4 T slansls )8 oS slacl O jglne jo yiaS g asilad Jodsis
09 walgs Sglise SLlS” )5 95 o30S SlocT 41 Sy 9IS gus i 30 4
Sl 59 555 e 5 00,955 s 5 ol SelS” gy SIS LuslS sl (52 0
L bl g 3o (Olajee S 50 0aiSTyy &0 13l sladigel aps ol L )
g so 00 inSs (slagys;

Ca.&‘éﬁ

s a5 laasses Jgl sl olawlidh o sSIS £o05 aus cdalllan 5,9 Ailaio o
9> o sl 53 4o | ey sSIIS 51 g jlome (Ll o5 5 ond Lo S5 ol sladenS]
Ol ) angillh (Sad (58 e g 0t Hle 50 e 5l Slansilpn 4 oS pladiges
£93 E95 Sl s loais Jootia | (Sluo 3 &g ged 45 pladiges cpgu aip3 oo
sk e L 69l skl 5l slasgome 4 Jlgie (alaST slo 2Ty 65 S b
Sl 0als L S 15
Sy SIS = CdgsS o Cuggyb > S sSiganl > 2o S > colil
Celsl SalssS 5 005 olien s Gl 5 ol (2alS L clysS 4 S L S
S il @y ColgsS Glo )T (g 50 sl pupsSIST lusT 5 Glo S Jpame
g oS 0 VPF sSgmnl 50 VPO wugg,b ;0 VY w cdgsS o ¢4 I CUlS
ol e Sl L o b 1, 0,555 tals Waools ool cen azily Lil38l ol o V VY
Sygpe & oSl 4l Sad e ble lisw Sjso a jsdlsn zoys e e
3 51 Sy oS el 1y sl 4l aolo] oS5 i, o lalllas dihate 45 Casls o
@on SlagialaST (boojls Joe sl S0 368U —CdgsS (6 5l LU 5 (nlin &5
39 o el 0388 Glow a5 (555l L &



St 7y ol Hnpe) 08 6,50 VoA

Lo g, 5 98 50 oot SR I 5ST Sl b oy s ulas 5 BLS,I o5
Q@ Zo,mesdls Sle 3o 5l ol o s il ledgloe ol s oy oy oIS
sl s sl sl S oS5 Jole o yrage clee S Bl ) SloadlS Al

SIS a8 9 S
ign 09,5 (39S 95isg So oSt lojl Jstume) (o) (wiige @ils 5 pos Slaxj
3 oeiored 290 o0 (SI0,08 dloen 5,)Ken bl 4 (s JKiils S8 0uSisls slge

oo ol SISl 0] el bl a5 oSl pale suSLisl

&zl

5 leandsly Bwo I G0, cob Ll LSid opoi s (e 086K V]
oo 005l ¢y 5 olKsls )| caolids S anliry bl « oo s il 53 0 039 25,5

NOY dman (\YYA)
[2] Rahimpour-Bonab H., Shekarifard A., "Barite ore deposits in the
centeral iran-ardakan province: Genesis and Alterations", Iranian Int. J. of
Science 13 (2002) 69-91.
[3] Shekarifard A., Rahimpour-Bonab H., Rohshahbaz J., "Sequences of
chalcopyrite alterations in the Ardakan Barite Mine, Ardakan-lran”, 31'st
International Geological congress, Brazil (2000) Abstract with program.
[4] Goble R.J., "Copper sulfides from Alberta: Yarrowite CusSg and
spionkopite”, Can. Mineral. 18 (1980) 511-518.
[5] Sikka D.B., Petruk W., Nehru C.E., Zhang Z., "Geochemistry of
Secondray Copper minerals from proterozic porphyry Copper deposite,
Malanjkhand, India", Ore Geology Reviews 6 (1991) 257-290.
[6] Vink B.W., "Stability relations of malachite and azurite™, Mine. Mag. 50
(1986) 41-47.

Ol S5l ol 00 Sl 5 daiiz e (S oo LS (S0 i) iy o5 [V]
NY dmio (VWET) (51 3155 ol (pn ol 5l ol Lt



