I
D

d‘j@]}o ZZ ;;

PooA-VPo§ : > LLL
PEPP—OATO 1509 581 LLL

H"'QFUL'LUJ._JUSJL&! ¢ OJl.n.fbgVA.L?

» High temperature
fumarole

~ High temperature
! / 1\\ lithocap

—
—

Mineral deposited (mo

Mineral deposited (mol)

0.025 «

0.020 4

0.015 =

0.010

0.005

0.000

0.025

0.020

0.015 -

0.010 =

0.005

0.000

600 550 500 450 400 350

600 550 500 450 400 350

T°C

Col 00 4Les ISC o 4,25 0y




”»
.
A
(5)&’!4{(4%‘/
o0
1AL O3B g sles o) olad ¥ A

Sy ENbI g Jlegdao yg0! igle JIAAYATY dilg » o 5leds b
ol 3Lyl 9 <y 8 Dyl 59

At (w9 8 olLI1S 1 Hliel clo
Agin (w9 OIKLIS Sliwl (Gl 3 oA BT O 1S g § J9Guo pho

4 3 5 Sl Slac!

(o s 33,8 o213) 3lzeol 3G 0 oF g A0SR0 35D
(kg g olK215) 3] ( DT > Moo 5873

(Ol oyl Co 57 ol82513) il Dby ol 1 357
(Ao s 33,5 0K2015) 3ol ¢ 1§35 yid Lo 0ME 357
(Ols )™ il g oK2i05)_Liils OB S o _pilis 570
(o s 33,8 o213) slecsl ¢ 0 3> (S G0 LD Jhaw 3570
(o 55 51K213) jLtils (S g lEao Ao T §570

(Ol o obs Com 7 oK2015) il 4 5 30 Mo 357

Agho (w93 OIS (pale SUSEIS (O gl By S pld SBLET _ing% 05,57 1 20
e gel Bl
Ao (w9 8 olRLI1D OHLEI § Pl duwde (P> 9 (S8 Hge!
WOV-FAAF O tdloe B8 ydls
econg@um.ac.ir :eS 5 2SI oy

http://econg.um.ac.ir :csle oy glis



0ol ool ode Oly9lie

(g (w93 P olRL1S) (SOLaB!  wlids pmo ) = Sliwl yg3 9 o Cyuddomo 570

(Ngho (wgd P OIKL1D) (OB  wlihsoyno ) =SS (53954 031 3Kho 015T 578
(3191 &3l yor agls OICEIS) (SOLAB! wlish pa0 ) = Sbiwsl (S Niguily) Lo e 3573

(oo S § OIEI1D) (SOLABI ol gan ) = HLiii1S (Sliwl 5 pad pl 570

(Ol baw (e gs olRL10) (SOl  wlids yan ) = JLi1D (g2 Slo Moo G570

(Okrold olLL18) (SOLAB! il g = L OL! (B cqus W71 Mo 57

(29 L0 olLL1) (wlisd S 9 (SLAB! by gno ) = 3b Sl (Sl 93,1 578

(31981 O yor gl SIKEID) ST @slio Cu g = bl (O3l > e g0 557

(3gB! O o agls OCIINS) (55919559 3 = SLiw! (6 SN i pcii 3573

(Nglo (w98 B OIRLIS) (g ) (wlibiTw § (b O gu ) = Sbiwl (0 > (Sgwign Lo o 5578
(N g9 OIREIND)  guwy (owlibisTiw 9 (cwlidb O gar g = HLS1D (S g O a0 Lo 0ME 570
(29 L0 olLL1D) oo — (SOLAB!  cwlids ' yn0 ) = 31 Sl (Caw§d 8 Al = 9 57
(Wi g OIREI1S) o S 3 (5599 P 59D~ Ohre (gwitagn = s Sl ¢ AL 5T e yi57s
(Ol y oIKE13) (15T 417 = Hb Skl ( T95k ol 3570

(oo S 5 OIRE1D) (SOl b yan ) = HLdS1D (501 o 57

(Ol olRi310) (SOLaiBI bl gm0 ) = b Sl! (O uld 570

(29 L5 olRL1S) s ) Lo (guwlidh (o] = sk Sl ( NI (yidl 5575

(Olo s ol g olLI1S) (Lanmo o) (ulidipwn ) = S Sl 391 Sl > Suage 578
(23 olLL15) BLLSTT Gumo cwhign = JLiilS (Sl g5 yau a0l 570

(Olgio! olLL15) (55989 5 = HLSIS 00 Ko Aedomo p57d

(Olgao! olKL13) (55989 53 = Sl (I § D8 g5

(Ngio 219 ol 15T 6IRE13) (55979 5 = b Ol (Blrw Mz 357D

(Oluds™ olL510) (SOl by a0 ) = Jb Sliw! (OLilrods cpmumodle 5578

(Aghen g 93 oK313) (S5 N  ibauco 1 g ) (g0 sbiwl 9

(oote S 5 oKi15) (6306 Amo Ji573 & eSS g0 Jliasl 9 9

(Aghon o p3 5 olKils) (5393l 081 35he 0815T 35781 21,21 poho

o8 ils Ol ol B, me L5 SBLEST iags 05,5) (o> Dl iTdmio 9 21! Wl sl
(Agin w33 9

595 01l G5 Gan b3 SBLEST 2a g 055 o sl oudSails cdgia o3 b oS5 s g 1 SIS
AIVVA —FAAVF e uST ((galeadl owlid o) dloms



S e P

P b
smlbpmey 4y plgz il 5 o Kl aslool 4 1y (soladl (oulidicrme) ol Gueals 59, 1389 551105 21
@y e ;3B wighas 51 Coleinl pads vapsT e Libols 5 S8 Ailosos ;545 ol pos o Lai e sloazs, 5 golacdl
oLl L)l cgzr ;0 (IO 5 (e cidge cdlw (55,1 p e )LSen (s ozl (ol Blaal i
el ly olpl soladl owlils pue
e dlge sloslatul £45 g lime il 00gad Wyl Ll (Sa55 o cwlul g ppe i 0)lgen 4L Jlgal jo  Sase dlge
JGs o lois oSyl coline g Sone Slys 09yl «ansl azdls Lslusl U5 b giians dlasly ¢ sl Slaands ;o
s e ¢ Jlie (sl il ame Sidu 4 bogs pe sl y8 g Jledl o 3 lal a5 ls e ygiS PMaiwl § Care wlaidl
Otne Gl 5o Jed B 350 g ol gyl o e S 50 05 i Sl 104 510G el slige <JLT 5o @ly plS (52855
(51,55 el 4813 I ) ol Jgb 3 ol Sl 5 om0 smipn 25 5550 (yine dongy JoL
Ll s e iS et o adox 5l oo Sase dlge gl 5uiwl g BlicST 4y go> axgi g 059 slodeli p cBlidnwgs
oy ol e 5 S el JblS
allarwg gl yeiS o) Same pBS Lo pae g Slassl olulid Codgius dag e glaail) 5 (golall Lol )
o151 055 g b sl IS syl ol Glalidiien; (920 (Sire pB0 RAS )5 Colibse il o
Shyls s Lgd 5 anS jo lolplas cdl o e ce atidS 4 LS Ll golaill cwlidpw; il slaazsl
ainy 50 ol ecnlpliy b glz3 QL) g (5) SLIT atess il Jlie cpaiz Casd b g (las o 4z
oiliy a az g5 L ol ol (golaiBl cwlidpe) cpozeil 5 0090 (o g (gaiadlyl colominl ¢ HUlS dge o Jome olge 2l
(S5 SNl SLains o hipel Bl | B Sgai aalys G330 o gians olys oy 53 4358 SVl 5 dimil o
35l Lo 95 (8l 1y e 55 B2 13 oSl (i
2! SleplSis 5 g tils (ol Ktinsiy bl G 5 S b ool o ol (5Ll (paliipnn) o
33 nled @l 815 ,5iS 10 Sore plBSd BlisST canlie ol 3o sliwl) 10 coto SleslS (s a0l b by
el 38,5 )18 el S jgtws )3
5 Jemily 4 4255 b ((Gane 55 SLaST) golatdl oo 5o gl 5 Slinkons (pogei atadan -1

Gl Ghlie 5 Jiian 55 BLS] g s ST — Slaios sleiusly 5 oolibionn) Ll

(OIS gh sl ol salys asie ol 2l Glaliws 5 o Kaagh wslel oS lae b ol cnl 528

w2, danlys e Slo o (s e o Slai ST 5 alKsls 0| (ulid IS 5 555 Slosmils
St a4yl Slye el 110 a5 1B g 550 0t (sl gl et oy 2
lr e 5 S plas gl adgl Slge paali =3 o Some 133 S by I, 55 a8 Gblis yo JUid] dxwys =2 «)5iS
A s a5 w0938l )l o aST L s Slse Dol o il -4 550 £ Gl 4 25 L >
-8 5 6o, sly o BLiST =T (BlaaST g ,9ld 5 L2ils ;0 (5,919 =6 polae zlBeinl g BlaaST aacans s Jilas
Lo el sl



Sl 39,4 3 Siloisag 9 4Bbanmgs sl ysaS ;o (golatdl pwlidipme) Clidiod 5 Ghigel (090 wuo, -2
Ol )0 soladl pulidipes Sigly o Gbjse]

Sltasi 5 Slikod Ola aie) oo ~sale jozme oS b bl pulidipre; alms ailieigs -3
s8atil i e o) dlme 45 v ol 4 olic b el 00505 pal b ) jeiS o (golatsl _lidiyee;
65 lgrmiils 5 o S il goles 5113 ol Lt lidipan) o ) ansl (s5Las
wled Jlol dloe (ol o Gl sl ) 095 (cregh - (oole ladllie (n e 995 o0 SenlgS )0

(eaasS g cigel S S 615 5 sl el -4



-

o 349

Lyl pls cpmsd 55 bbby (CSGliw pes Ko HLadlS )3 S 50l § GleoS Lol polic  cowiiopmn) asilla
L Hhails JsCis

6&,@& u..»L.c 9 )5.\613 PS80 ‘G""""““A RO5Y ‘@U] éch)é (S i u"L‘-‘ ‘5:?31:.@ Qoo

23 Blgs R giko AL oo &y o] 9 yiing b JlogiT oauivgl} 3 (sl SIS o sslidh a0
60 duzme g (539,Lad 00l3She 00l3T ¢(5 elae (53U

S5 @l g Jlod sLeslgul 10 o 9 (595 BT (Sow I3 g o2 o (S0l Lo pani 5 (Guivaiay
3O e ——— GIS 3l oozl b (sLT,g5)
GBI e g L Ja8 yoldlase gololas 55 8

GrSaiges aingy b ol cu (TOPSIS) Jlonl ais)¥ & cold s pSpmonsd by 31 ooliial
DD e ————————— 11101 e ‘334.»..30)3 ‘SLQW-HJS ) GNLZML'JM}

e e g jende e (s e ol Hpate

69 .. oSy Jlods ($39i5 (srosgs SI-NU (glacgig il (ouigh) 9 U-PD oy «(g3lw S ¢ omwlivioiran
55l oSl )3 0395 5 (J35slS sl oo plie «oobl s sordll g ymuas S e dezns loll Lo e

S — 36y Ol bl (plos 3 §pb C9ir Sdgj9 s g S Sl j9b comind] 9 S5ele %
‘aLo.b Sgrans dow

(b Ko (sosld 3l solisiw! b (4 ) g  yumo (Fuzo Slus 43 ol (3154l olKiwls § oy

LLL 51105 ooy 9 (bl SIS
(G QL...:>1 9 g;'l"““‘“; Oy ‘Nlﬁl Qoo

129 oo Aoy yur o (yio alboly o (sadogS J515 a1 ¢y fuanST JUil glaassT 6 oy o
ooljhuslon! Cooas g pled jgate (sle 93,1 o glos )l (go 550l 3 g daxe

SLosianl g 3,590 5 69, Iyl bl @b Jled (le o HLuilS )0 (ebol wulyd g 234l

b s g ol Lo csobeiiel obie o po 0y,

165 ...... dm,.l.! 9 OLM dLﬁ-HJ‘ Oésm )é GLD.C 6‘4)0 )" M ‘5'MLO UL”.N) )u) C’-Ai;-ui U‘}Jé ;La.».;.o s3]
LS 5 9 o, (smge csiiny 310 g0 IS Lo j0rem ¢ Slockes v o






Journal of Economic Geology J obaidl (ol almo

Vol. 7, No. 1 (2015) T (1394 JL) 1 ojless 7 ol
e ’

ISSN 2008-7306 i 2151 Sl

il sl oyl gy (et yo (0L

2 o 1 o s 1 oo 47 - . sl .
‘_go,..a.a.ogol.?c, )%‘;bw‘wmm‘@@|ou)ﬁséwu»@c‘ R@l&ou\m

U/J"/‘U/M ‘LA—A—A.AJ ‘;LC}J olKiisls ;w/....ww..oj Oj)f(l
Ol )9S dme SlLiST g (ealiisanj ylojlo (2

1392012127 35, 139204113 il

oS

Llod agy Ladls’ ool oo 2 8ly S8 pliw e (st (5 ykeskS 12 5 68 il gtz j0 STl g 58k jludls
ey et oS (1 Jolds (S aliseo (glaasly a5 (s sbas tiel (g0l g5 55 Gl oulibaiz 5 (mlidn S
2 (8 953L) ool 5 ST (Gloinntins (3 orosSll oo 4 iy 3058 (Stwtsls 5 2105lS5S” slouzly (20 2V = (Sl (s
Oo9— YU cosl saalie B adlaie jo bl pwg—s 5 Gpogdl oo 4 SH3L0 U aulgas slacSsls (4 ym g0 gSdl s
11/40) Co @iyt o3 gt wleS Sl3ls o Sila polie (o9 (b (4/86) Si/Al 4 (11/33) Mn/Fe ,olis o Silo
solio 093Uy 5 (el s 0199) Ce* Lol (oSl Jluio 092 baly « el 81/85) CU 5 (pli s 24) Ni (el s
lasle S 5IMN alss 5 Soi e 5l sanly i g reas SGlw b 385w Kils ;o St g As Zn Ba Fe Mn SiO;
SLesT aloeiiies 5 elidiins; 9olsd lad oo 52Uy LS cnl Gl 5o o3l slaanlp (a5 ais (o309
sleazly ;5 bl U olee gl loj 10 (gt quagildl ads> s ) (0030355) (b0 Slemle S 5l laailS oty
Sl ol JeSeis fayl 1 550 50 1A L0l o (Slanle Sl S axly 9 01, S Sal ebay le b Giﬂ By S
Sr Ba Si Fe Mn ,_olic goas il 5 b slaoslas os aas el wod olo,S slpdlad S 0,5 lgie g o
5L G930 b5 000)S (g3 405> 9l (5,135 L (lojen SledeS oy 5l 1 sliitsl - eng5 0 Sleilled Loy AS
o il 5:5te ] 60pnS gy nsST (clouilS (ST Lyl sl

Slacgamme ol a5 tous &8lg o] 5l (5 xeglS 200 v 150 doddo
Alavi, 1994; ) el 5,5 5 655a5 Lroses | 5 05 o5 6 eskS 49 Alols o Siliw pd K LulS
4 ol 5556 slaLuils (Berberian and King, 1981 o 58 5 SpS i s oy Dgix (S yegbS 12
sl CebaS 5 009 SpgS L gy 5i8ae JLlS ) i Sz e 5 Jsb ol o gl Sl g sl
L g Jiae 8t il b, LuslS ol 50 uiomen i)l ol 34719 4 5,650°46 s oa Luls ()l
s asld glo Lusls ool a8 5 & g0 ool b ol Lo gy oo ol o alllae 55 o ailaie
9 Ot (a2 lgl 4 438 oo (65, Gl o 5K 35 0 o=l Sy g 59, 2 Olrl (o9~ 55l
P e g2y a5 g B dgazme (el Al S @leSlo degazms Zuwl 00l @dly 2307 deg)l i peS (i
) S=359805 sla )l 59 oim9an Sidg)eally slaassla ol L g o)515 Slilge 4 pasiidn digy So 52507 4y

mohammad@basu.ac.ir L35 ‘_jsgw*



OhlSen 5 92 Slao

L LS ol S 0l ol aglio 4y g 00,0 (o
Wed 4y Ko sle,Luils

addlbo (b9,

@dlaie 4 by o SLeMbl 5,glaoz 5l L loul yo
@le ey (b o el e Gleaw) 2
Sl 2 Gl o K KoilS aSges 40 sloss
N P K41 PR R VIS g ) | PR sl U1 g
S 3l eoliiwl Lo, S Ladiges (gjlwoslel a4 plasl
e " . P

Ol s BAD 33 (658595 SlaaSS oy askad 2 T SO
55 S ygoiy 2 Sy iSI Ol olSss 31 ool L Ladiged
14 sloss olaiims) Slogm sy yshateds Loles waianl o
Cz 9 2l 398 ladigad e 5l K KilS diges
ICP- g4 S ol g 33> jolie Lol jolic axlllas
Jls,l 3L 95,65 ans SGS &5 i 4 ICP-MS 4 AES
ol oo ST gl oo 3IUT (g, Lanseds o> .ol
Db o pliom o 0005 CLS polic lp g 0o y0 0/01
S KiaslS sladsiges 5l Jol> oleowis LT @l
Slas jebolen . conl sai 08,91 2 5 1 Jgax o Siliw o
Iy E—b90 oyl il oo YU asllas 550 ,Luils ( SuilS
Sl s 35800 ,Lils (1ol cos 25 Jeles a4 lei oo
3 ke gl g o4l Y cole lpewd 5l o ke o
cnl) wlaxs 13 Sails sladiges 50 (Sl Se Sa]
J=B (S e gblie 1o By 5 009 52 s laa)Y
Slatiges ;5 (I See kSl jpax a5 (slosnliv
Ol yss Slwd ey aslgy o adlllas 850 Lusls Suils
Slaaiges 1o SiuslS slaaiges cdl (2.05,5 L.O.I
e85 S g ouSTpalils b LB 5l Sladl 0szg (SuilS
5518 dlge jeam we Wil e )] I Al (Slotend ;o
a5 aed oo lad cauSToaslsy cdb il basls o ol
g old Ko bolar g 6l Cgu, o j0 s 0ols
Sl g Gl ool diigd 18 9,0 S sloodsas LSis
ol suSelsS SYLw 5l ails canisas Sl o o,84l5
50 SimilS o 8 slals g Laails i (3 .ol oo
Ol ogs sl j0 4 Sbbals « Sk s 1K LS

1. Jaw Crusher
2. Tema Grinder

HdlS G et 08 @ )lg 55 HLuls 28 5 0ayol ol
Al 5 i Ll l el ol s eud anslis S
53 5 (55 0m dpog| (Sigihym LSy 0y ya8) (555 5
by wdgi Jalt) VU gl gy SLaaLST (SleSi
HLasls ol 1,8 (S e 5 By Siw sl «Sal
Lot 31 amy 50 5 005 JSslaY Baae gy 55
D g 08 glaeY g SO pwide O jgods Sdxe oole
Ot § 00d JSiT GespS (2lyo daze o Ll )l
Sl Ca3ely 5 Sy gl o] sLsals
laJ .(Fardoost, 1992; Waters and Etminan, 1973)
il Coprmdg d azr g b SOl s 53500 LS

L ohals blsjl 89,0 Kow g4 daails b g cole
Lyl i les o g 04l calil 7 )by 123K JLuils 4y gol;
ARa S b Ll g0 cnl oyl 952y s pailSo 5 oSt

ewdls i e
Sore &S b awgs 1376 Jlo jo SSlbiw jpd 53500 (yane
S92 3l oy . 3,5 )18 (615 o g 9 BLasST 090 o8 g4lbo
Ol 15K Lo &8 b 4 aze ol 16,00 10 100 Jls 00
5 oladlas sla,l5 sliwl, jo a8 b plas o )8 1351,
50,5 a8l KilS Jle g 0,53 Jlade yuoss 4y BlLS]
oo 0390 se (0 3g->ge (G o5, Sl 5l ol
s ools 1 o)l.o._ib oLf)Lf )‘ Lo 58 &L_M:).Q,w)_.\.i.\.a
o=l 69y 0o plosl L8 Cllllas 5l0e oo 7l S
5 Swisish Gloods s (o) p aslllae 4 Hls 5o LS
o—sgish (SojoudiKisomi, 1994) a_ilie S_slsJg
(Ghalamghash, 1996) o3 wsi> adlais ;0 iy
5 (Fonoodi, 1995) o3 i dilate ;0 (6w el
Naderi, ) oo JuS alelw duiz g owiin Julos
5 Siloi aalllas 4555z 935 b Lol e oL (2005
o=l e i cecul a8 S5 &g o lis LS ol (s,
l_g 9 ‘é_mL\.m;i._m “é_mLMuu,_n) axdlas L: 03 = e
b g CleeS ol yolie olaniipo) sloools 5l oslatul
Slsls Sees bl g Lace 4y £ SondlS sladiges S



3 v 35 Ll s ST ol g oS e Lol jolie canisiee; anlline

(1394 JL) 1 o)l 7 ol

C-3 US) sy ol 40 550 b o oo wiz 4y
5 0ol ,3e ol sga> L asly ol wizmen D g
D, 0aiiSl g 0, Sl

gy yiion (|l 18 Glavle Sal (S g o
e 1258 s S amly ol Calis g oo 00sST
3 e am Jlette (658 S5 s 5 el e
5 4sl lsls (F 5 E-3 JS) wil o (aseiio oty
Sl jo guwlieY g oo STy asls &ygody xS
(H 5 G -3 Jsz) conl onalice b 55 jlo0 o> 0l Se
Sl gy pe (i ale 5 1505 IS (slaaxly 5o
ools ¢y ShY U 4y (iend 305 (005 3258 w53e)
S 48 (S dly ol Sladad ojlasl (I 9 1 -3 JS3) el
oy S Sl 5 0051 a gl 08 a2 b il
- Slatsl SleSiw 1 aS wiiloe s (—Sadyez
e latd 5 Liie rgil sLmazly 4 byiye e
s sl € by e 5 ol S oy o
Sl Kt ol omly oyl oans] o0 ssmlioe ol5ails
48,5 18 Gl i (59, p oS Wilies (o057 (S
i las g bolas g oo Olllas 4 axgi Lol
aibie SleloS il adlllas )50 ailaie pulidiine;
t—eges et (550 gr 8 Jlad g sl
5 ol Gl St Jols ol o o laisle ol
S350 (e

Ui Ly sy 5 sl o8 aile il 2
e b 53 a0 |y b oy LS 35 ) s AL
oyl b asdss a1 JSCase aluS dihaie ol oS o
55 51 il 655 2 (555, gy dyo0 S5 4 5 005y Loy
39 35290 SlilaBl 5l (g by a5 il o Sanly oo p
Ao SOl ol olasd 85059 0 ki )] 4 dlusly ddlaie
SO (g A ;N0 sallS 5 W Al Sl
Naderi, ) col Lol SouSs slpaiom 4 T Sils
Sla>ly g, o ewlidans Sldlhe 4 a>45 L (1385
Sl Jmlsl g mgil 25l 5o adlllas 3590 ddlate (S
Sl ols 25 (Ko sloaxly (S wgm) 0235 55 St
ol Cois aghie o oliesS slasld a4 lei o |y ol aS
bz e glaasly olS o ol dlalgs (e
ladiiy 4S5 gban wilad (53,5500 5 1S

1. XRD
2. Manganite

aS jeblen 1 ailoaalie JB Faog 4 2yls i3 olee |
$3) = oSel 55 Sl 3IT 5 S5 eholie aslllas
5 2 ilSle g ooy 10T e s (SinlS gladiged
Sals I (S 5 Cwillle il oo YU (KilS sladigal
sla,Ludls 5 omls Led (gm0 sla,LudlS 50 lgl5 9 ot
St Sl Sy Sl o e el (5 5 ygm
= a9l pdS Ol S awgi Woyas ol a5 5,0 09>
olu,S ,sle ;0 COs j3a 4 a g LI w00l

gy sl LOLI ade o8, Y Jleil gl

(S0 039uo g (glddlain (ouwlbirmo

S 5l sy Jolts anlllas 090 adlare (Siw (slaoxly
3l stz JHB ez 9 655195 Shgw; bolyen s
A aiely 3955 5 (oloT,5 5 0518) (g 29T SleSims
sloaxly wlidiarz Lld 511 JS8) cud gyed s oo
aS ol edslice B SSliw i adlaie jo S alisre
Crosdl grgmeym SLadtsT slgSis (1151 a5 )be 5y
e (Siwanile 5 (1505 IS sloals (2 (V- o
Wjlas) oyl 5 Sal (glotniins (3 pmogSll o 42 225
s S5l b Lanlgas lacsols (4 pmgnegSl us & (3
o der Ol szl (B 5 (bl magee 5 sl
A5

adlate 3o Y= Slae rwgfl gy SliassT slSow
kY Ojgmoa S (Al g 4TIl (rmg (DS
libaiz oy 2 S5 058 00 oo Ll Sl o IS
g0 el plulis Siw gleasly g asdlas 5,40 adhaie
B2 oo sl |y Sase ddlaie

5 il slaasly jeam (sl (Siw glaasly ols o
Bocee a5 cowl Comnl plo Jlglyd bl 4y S50 < 500
bl 5l man ;0 g0l (5 xnS o Jled 00game o
e G5 (a0l (e (00551 5 Sgae & j500)
Olsso (S laazly ol 5l plerad )3 5 Wil
(B 5 A-3 JS3) 5,5 saliw |, 22l el

Ol 385 2lHalS Gl (S laszly (n ftogs
Sl plea¥ile Ly (Sal Bg5 (S sloasly o
50 =il o8 oLl slawle Sl Ko axlg 5 ool S

Y Cwbrs 505 Y &)got Gaes Sl g3 axls



Oh)Sen g 9> Sles 4

(Nicholson, 1992a; Rona, 1987) s_ib s S L plp
St Sl s Olsisan 5 SOl S sl
oo 48,8 b o glaxl o sladae jo 1K slaals
Sl g 5 ,Lusls” 4o (Hein et al., 2000) el
11/33 .S L4035 5 5/7 o, Gowe MN/Fe s
Ol omly sl polie s MN/FE (VL )l slginss .o
g de> (b yo paie 93 (nl Gl g SSE Slas Ce
) shebame )0 (2l g ole)S Sleidld o i
Mn/Fe oYU sleus ol (Glasby, 2000) el
sl S loaa iy olul i gl (a3 Glgiea,
Glashy, 2000; Eckhardt ) aisb oo g ,—tae ol ,0 )
Cannetal., ) Ll lSen 5 LS uixen (et al., 1997
- SlaaasT slaatigs ;o Mn/Fe cous o Saies (1977
Ol g 00 e Sl (2l S laatigg g 15K (2gm,
5 le ool pl3S ol Slemat s (n e 5l (S
20 i 45 aadiae 3o (Hein et al., 2000) il Ko
Ayl G awsgs o2 il slaaiwg o MN/Fe oo
03lS 5l HLuils cigs Joo alold lavwgi oo 9 Jlow o

D ]S ol

SIAl i

ok s J5 b Soo3 bLs I o Lges e )5 (sl Ll
s sleonl g lhowg as d_;.ﬂ‘s_n U ey
5= @lays Slgy 51 0 5L als 5 abyon;
4o Si )9 Sy Cf> ek & .(Roy, 1992) Sloads
b ;9 SI02 YL o0 G e o Luils ol yo Al Jilas
(o 55 Lide b (sla Luils o Lol osygp sledlad
b ol cplicanl ls 5553 5 6 5YL duo s 5 ST 4 s Al
S8 5 ol (b o laclowald a5 50
Miile g plindsn abboo (gu) 49> 4 (S
—51asaazas (Holtstam and  Mansfeld., 2001)
Gl o 235,5 Lgle oo 55 B3 b e T slaarigs
YLy 5 Coe (Siran (rizmon iy Ghals SAL e
ooty Lid 0l e wil o 0172 dg0> a5 Ti g Al oy
2 oS sledsbono b LT s bgle 5 o 55 Slgo 5535
o1 s Ete S il aslllae 550 LS
I, g9—o90 ! W3 0 55 TIO, L FE;03 4 Al,O3 .CaO
(C 3B A4 JS2) sl ab

sy L) (ot (o F0 S b inly 308 Wil (o
woilazd $ 18 gl slba =g g9y (4;-)0 25 20
= OmsS—dl (Lo 5o «sloyB (6,105 Cgan;y 0,90 S JLioay
ol = Sal slaasY Cuniias Carge bys Sy00m Gses
A ole) ol 5o Fe ledaiz Casl 0,0, 08 Wil
S (ML o 45 009 1 St 5 @B I > &) g0,
- VoS Lo U5 BacS (5L p3) Gee Ol i g 49>
oy 5o o ob (sleiiz (2 JS2) sl ous by (slo 8
5 dg9e O ygody) Sliais] e dled s 5T Cpgie
oter eSSl (Sl Sl pgas e 50 5 (S
S wsslel mwgan gl o plonil s el alils ol jonay |
o Wjle ladiig oad (V95 g GespS adg> 503

el ongs 5 JSas (VL

Sl ey 3550 S5’ (ol (0

5 pteo byl 5l S pliendipn ) sl Lo 51 colaiul
Pl ‘oljg‘)] (el S 13X sle Luils 5 oled gly (owlad]
Polgari et al., ) 55, o Jloias g, Kemsljcus;
St gl ils llid Cge ol oo B3> 5 Lo
ol Sledarome calie bl cov oty JSLas
Ot yshatedss Liuly cyen o (Crerare, 1982) uis, L5
GO (o) 32 4y SOt e 325 LS o 21540 g9
din) oyl 5o o allyl slea dlie o Lyt o tege 3l
ISP

e SomnilS’ (258 9 ol polie 4 bgapo sl
S iaw y4es

Fe/Mn ¢ Mn/Fe s

L 555 ol plgion ol e o5 oleasls S5
0,5 plais ool Lace Ly sloaiags 5l obe )5 Lics
i oy ,0 385 g ool el MN/Fe cos asls
Wgdsso bz o 5l ool 050 4 Jloyig e slolbes Sl
Sl 5 Clid] S 4z s 5l Sl alas cplaS
sloul (S 0) (o892 Db, o MN/Fe 51 Sglass
Nicholson, ) 0/1>Fe/Mn>10 45 sbas oS o
,o(Nicholson,  1992b) 0/1<Mn/Fe<10 4 (1992a
Fe/Mn g Mn/Fe cos oljol slaaciys gl a5 >



v 35 Ll s ST ol g oS e Lol jolie caniiiee; anlline

(1394 JL) 1 o)l 7 ol

KKK
PR XK X X

L

Py
W |
iy
4-+++4}4-++ F

Sothl
HH KM XXX X %

T 503 3 5 3 3 3 33 B 3 K 3 3 0 2
X WK XX

RO B OB MO MM M MX K

KR HEH KKK KX

s QRN e
g e e

i m et e

50° 46

s
Venarj™

N

S 5 Turkmanestan
Caspian Sea *
w. E

study area S

-
Tehran _/

IRAN

“i \

)
2 6
(I//‘

o K MK K

°o KK KK

XK K KKK XK X

i

255 ST lpmal]

i ] i< :

61 b€

Shahrestanak

.

QUATERNARY

Recent alluvium.

Young terraces and low gravel fans.

Old tarraces and high gravel fans.

MIOCENE

Microquartzdiorite - Microquartzmonzodiorite.

Syenite - Monzodiorite.

Alternation of red sandstone and gypsiferous marl with

intercalations of conglomerate (UPPER RED FORMATION).

OLIGO-MIOCENE

Cream reefal limestone.

light green alternation of sandstone and man

light green gypsiferous marl with ntercalations of
limestone (QOM FORMATION).

Cream organo-detritic limestone with intercalations
of marls.

EOCENE

Alternation or red tuff, tuffite and sandstone with intercalations
of nummulitie limestone and andesitic lava.

Light green, massive tuff bereceia, locally with intercalations of
nummulitie limestone.

Green megaporphyritic andesitic-basaltic lava.
Grey and red sandy limestone.

Dark green, spilitic pillow lava.

Dark green andesitic-basaltic lava, volcanic breccia, hyaloclastite
with intercalations of tuff and nummulitie limestone.

Grey nummulitie limestone (Lutetian).

Alternation of light green, grey tuff, tuffacecus sandstone and
shale with intercalations of nummulitie sandy limestone and

OLIGOCENE

Alternation of red marl and sandy marl with
intercalations of sandstone and conglomerate.

Red conglomerate.

Village

andesitic lava.
/ Fault
Dike f Thrust fault

Lead mine

0 1 2 3 4

Manganese mine

5 Km

Ghalamghash et al., ) s 1/100000 a_is 51  wlcdl) 1Sl o 350 ,LadlS Condgn 9 g8 dilaio caolidypan s aiiii .1 S

(1997

Fig. 1. Geological map of Kahak area and location of Shahrestanak manganese deposit (adapted from the Kahak
1:100,000 geological map (Ghalamghash et al., 1997)).
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Table 1. The results of chemical analysis for Shahrestanak manganese ore samples by ICP-MS and ICP-AES (major
elements and trace elements are reported in percent and ppm, respectively).

S.N. Sh107 Sh1i11 Sh143 Sh162 Sh165 Sh167 Sh169 Sh100 Sh115 Sh126
N §®.§g! tm.§:|! §®.§g tm.§g t(\!\; t'\.§£ §Q§:‘! §Q§; tm.§;! t2§0:i
g2 &< S¢ B¢ §¢ S¢ 8¢ F¢ S¢ §¢ §¢
£ o & o & o & o & o 3 o & o & o & o o
58 83 83 B8 B B B B3 I3 I3 I3
zZ 8 Z 8 Z 8 Z 8 Z & Z 9 Z 8 Z 8 Z 8 Z 8

SiO; 245 20.5 13.3 25.7 23.3 23.6 22.3 11.6 24.80 24.10
TiO, 0.3 0.29 0.18 0.36 0.28 0.01 0.08 0.1 0.08 0.45
AlLOs 5.49 5.18 3.30 5.81 4.60 0.47 1.73 1.05 4.40 4.82
Fe,O3* 8.75 5.05 2.48 3.56 8.20 8.61 9.10 78.2 5.22 6.05
MnO 46.18 41.12 55.31 41.21 40.80 42.50 40.1 0.50 44.47 41.45
MgO 0.85 1.31 0.69 1.63 1.24 0.15 0.48 0.29 0.59 0.87
CaO 1.28 9.19 8.59 1.80 3.90 0.77 1.62 2.60 3.22 7.20
Na,O 11 0.40 0.20 0.50 0.56 0.10 0.22 0.06 0.23 0.32
KO 1.85 1.75 0.02 1.12 1.15 0.01 0.21 0.01 1.02 1.35
P,0s 0.10 0.12 0.07 0.09 0.11 0.01 0.08 0.06 0.02 0.06
LOI 12.10 14.30 15.60 19.10 16.20 23.70 23.20 5.40 15.12 13.38
Total 99.5 99.21 99.74 100.88  100.34  99.93 99.12 99.87 99.17 100.05
As 1045 650 1089 2042 1064 910 100 1900 1002 985
Cu 41 136 21 66 79 197 170 5 85 69
Mo 40 30 25 22 8 78 89 70 33 27
Pb 59 75 24 102 89 76 878 135 101 69
Zn 688 793 722 566 399 83 123 78 501 523
\Y 98 180 83 56 57 356 245 522 102 147
Ni 34 40 30 33 24 8 35 13 24 19
Co 12.1 17.8 6.4 12.9 8 20 12 2 12.60 14.82
U 2.09 1.96 2.16 1.77 1 4.83 1 1 1.56 1.23
Th 2.8 2.4 1.7 2.7 4.7 0.1 4.6 5 1.60 2.68
Si 11.46 9.59 6.22 12.02 11.2 6.36 4.30 7.80 115 11.26
Fe 4.03 3.54 1.74 2.49 5.74 3.93 0.77 54.72 3.65 4.23
Al 2.9 2.75 1.75 3.08 2.44 0.25 0.92 0.56 2.70 2.30
Mg 0.52 0.79 0.42 0.99 0.75 0.09 0.29 0.18 0.63 0.74
Mn 35.77 31.8 42.8 31.9 31.6 40.8 31.07 0.40 36.33 31.20
Na 0.82 0.30 0.15 0.38 0.42 0.06 0.17 0.05 0.66 0.40
Ti 0.18 0.18 0.11 0.22 0.17 0.06 0.05 0.06 0.17 0.21
Ba 4650 2530 3730 5690 598 73200 6881 12925 3654 6720
Sr 3160 1140 570 500 150 2480 890 432 780 1896
Be - - - - - - - - 1.05 1.00
Cr - - - - - - - - 20.00 15.18
Cs - - - - - - - - 0.10 0.10
Ga - - - - - - - - 38.00 59.20
Rb - - - - - - - - 2.00 1.00
U - - - - - - - - 2.00 2.00
Ag - - - - - - - - <1.00 <1.00
Sn - - - - - - - - <0.1 <0.1
Hf - - - - - - - - 0.20 0.29
Ta - - - - - - - - <0.1 <0.1
Mn/Fe 8.31 8.98 24.59 12.81 5.50 10.38 40.35 0.007 9.95 7.37
Fe/Mn 0.12 0.11 0.40 0.07 0.18 0.09 0.02 136.8 0.10 0.13
Co/Zn 0.01 0.02 0.008 0.02 0.02 0.24 0.09 0.02 0.02 0.02
Co/Ni 0.35 0.44 0.21 0.39 0.33 2.50 0.34 0.15 0.52 0.78

Cu+Co+Ni 87.1 193.8 57.4 111.9 111 225 217 20 121.6 102.82
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Continue Table 1. Results of chemical analysis for Shahrestanak manganese ore samples by ICP-MS and ICP-AES
(major elements and trace elements are reported in percent and ppm, respectively).

S.N. Sh148  shi71  Shi53  Sh202
. o t‘_! t@ t‘_! tl\_ t‘_! t@ :ﬂ:
g3 oB 98 S & o8
22 §g 78 2% &
S5 sB B FB I3
2§ 2§ 2§ 24
SiO, 21.80 2510 2470  23.10
TiO, 0.22 0.29 0.06 0.12
Al,O3 5.28 6.05 3.25 5.10
Fe,05* 5.89 3.83 7.85 8.20
MnO 4260 4121 4421  40.07
MgO 1.26 1.56 0.47 0.21
CaO 4.24 5.81 2.56 3.95
Na,O 0.12 0.04 0.41 0.11
K0 0.90 0.56 0.36 0.05
P,Os 0.02 0.01 0.10 0.07
LOI 17.23 1516 1523  19.10
Total 99.56  99.64  99.20  100.08
As 996 1123 1057 1601
Cu 75 47 39 116
Mo 45 29 38 72
Pb 81 73 45 85
Zn 547 608 381 702
\% 189 152 284 438
Ni 31 12 18 15
Co 9 6.85 12 13.14
U 1.10 1.11 2.01 1.45
Th 1.81 2.60 1.75 3.71
Si 10.18 1173 1154  10.79
Fe 4.11 2.67 5.48 5.73
Al 3.66 2.28 0.66 1.72
Mg 0.53 0.46 0.93 0.64
Mn 3090 3006 3175  34.30
Na 0.19 0.71 0.39 0.41
Ti 0.12 0.17 0.10 0.09
Ba 4563 5698 4758 6981
Sr 2412 3760 987 2150
Be 1.00 1.00 2.00 1.06
Cr 2531 2941 3000  59.20
Cs 0.10 0.10 0.10 0.10
Ga 70.68 102 180 200
Rb 2.00 <0.1 <0.1 <0.1
U 1.00 2.00 1.00 1.00
Ag <100 <100 <1.00  <1.00
Sn <0.1 <0.1 <0.1 <0.1
Hf 2.00 4.30 2.85 0.45
Ta <0.1 <0.1 <0.1 <0.1
Mn/Fe 7.51 11.2 5.7 5.98
Fe/Mn 0.13 0.08 0.17 0.16
ColzZn 0.01 0.01 0.03 0.01
Co/Ni 0.29 0.57 0.66 0.87

Cu+Co+Ni 115 65.85 69 144.14
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Fig. 2. Stratigraphic column of mining district of Shahrestanak and the mineral-bearing horizons.
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their origins.
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Fig. 9. Diagram of Pb vs. Zn (Nicholson, 1992b). Shahrestanak manganese ore samples show high correlation with the

Sedex and Shallow marine samples.
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Fig. 11. Binary diagram of (Co+ Ni)-(As+Cu+Mo+Pb+V+Zn) (Nicholson, 1992b), Shahrestanak manganese ore

samples plotted in the hydrothermal area.
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Table 2. Results of the rare earth element analysis for Shahrestanak manganese ore (all values are in ppm).

(PPM 3l gols) Siliws s 53500 JLadlS (SindlS” sloiges (S 50U polie 5T & Lgsyo gl 2 Joar

Sample Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh
No. 107 111 143 162 165 167 169 100 115 126 148 153 171 202
La 11.30 10.70 12.00 9.00 10.00 30.30 11.00 13.00 11.22 10.89 1201 11.63 1047 1151
Ce 1.98 1.75 1.99 2.14 1.96 4.98 3.20 200 245 389 220 238 198 244
Pr 2.11 2.67 1.87 2.17 1.00 4.89 6.00 200 189 153 224 266 119 343
Nd 8.10 10.80 7.40 8.40 700 1780 17.00 11.00 1245 860 790 930 10.70 8.20
Sm 1.70 2.40 1.40 1.90 2.00 3.80 3.00 2200 120 320 160 170 140 2.00
Eu 0.15 0.30 0.09 0.09 0.20 0.05 0.04 200 003 004 007 006 003 0.05
Gd 1.79 2.68 151 1.83 1.40 4.30 1.00 099 145 178 222 183 189 244
Tb 0.29 0.41 0.25 0.30 0.23 0.73 0.56 066 066 045 073 036 076 056
Dy 1.80 2.72 1.53 1.87 1.50 4.58 1.00 3000 170 156 146 127 171 220
Ho 0.39 0.55 0.31 0.39 0.29 1.03 0.98 101 033 028 042 093 039 027
Er 111 1.62 0.96 1.17 0.95 3.27 1.60 190 182 160 119 096 227 184
Tm 0.17 0.25 0.13 0.18 0.15 0.48 0.41 045 019 025 039 017 012 033
Yb 1.00 1.50 0.80 1.10 2.00 3.10 2.00 9.00 200 330 210 250 090 113
Lu 0.20 0.22 0.09 0.13 0.10 0.43 0.35 039 013 025 042 036 0.06 0.39
Ce* 1.02 0.95 0.81 1.07 1.15 0.80 1.01 075 105 170 087 093 097 090
Eu* 0.25 0.35 0.18 0.14 0.31 0.03 0.04 009 006 004 011 010 005 0.05
>REE 31.95 3784 2945 30.67 2780 76.82 48.89 4331 3520 37.84 34.88 3583 3522 37.08
LREE 2534 2862 2475 2370 2216 61.82 40.24 3149 2589 2815 26.02 2773 2577 27.63
HREE 6.75 9.95 5.58 6.97 6.62 1792 865 1182 931 9.69 886 946 945 10.15
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Fig. 13. The distribution of rare earth elements in Shahrestanak manganese ore samples, normalized to chondrite

(Boynton, 1984).
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Fig. 14. Comparison of distribution of rare earth elements the Shahrestanak manganese ore samples as well as
hydrogenous (Stackelberg, 1997) and hydrothermal deposits (Toth, 1980).
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Fig. 1. Khaf-Kashmar-Bardeskan volcano-plutonic belt, Dorouneh fault and location of Sangan mine.
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Fig. 2. Location of the three deposits of Sangan mines complex (western, central and eastern) and Ferezneh study area.
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Fig. 3. Geological, alteration and mineralization map of Ferezneh prospect area.
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Fig. 4. Image of hand and microscopic samples (PPI) from Ferezneh. A: Hand specimen image of cauliflower goethite.
B: Goethite, pyrolusite, and psilomelane. Psilomelane crystallizes to secondary pyrolusite. A form of automorph
mineral filled with psilomelane. C: Secondary hematite crystallizes in a form of automorph mineral. D: A hand

specimen of goethite, pyrolusite, and psilomelane. E: Goethite, pyrolusite, and psilomelane. Psilomelane crystallizes
and forms pyrolusite. F: Spindle pyrolusite crystals. Gth: Goethite, Hem: Hematite, Pi: Pyrolusite, Ps: Psilomelane

(Whitney and Evans, 2010).
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Fig. 5. XRD pattern of Ferezneh samples. Calcite, quartz, hematite, goethite, pyrolusite, psilomelane and Mn
hydroxides were identified.
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Table 1. Major oxides and trace elements of mineralization zones of Ferezneh prospect area.

Element F-26 F-23 F-22 F-30
(wt.%)

SiOo, 10.6 6.21 3.8 11.34
TiO, 0.04 0.06 0.03 0.04
Al,O, 021 042 0.16 0.19
TFeO 66.21 67.64 66.55 64.72
MnO 3.59 2.99 3.25 1.86
MgO 0.25 0.39 0.23 0.04
CaO 2.47 3.75 6.49 4.67
Na,O 0.02 0.06 0.04 0.03
K,0 0.07 014 004 0.04
P,Os 0.03 0.2 0.05 0.03
L.O.l 10.19 1491 12 11.02
Total 93.7 96.8 92.7 94
Element F-26 F-23 F-22 F-30
(ppm)

Ba 803 530 384 45.1
Rb 4.3 3.2 3.1 35
Sr 166 1054 144 313
Cu 25 150 1063 20
As 245 682 216 30
Sh 18.2 18.5 49 11.9
Zn 87 5 42 17
Nb 1 1 1 1

Ni 5 5 5 5

Co 7.1 9 6.6 42
Cr 10 10 10 10

Y 1.7 6.1 7.2 49
Cs 0.6 0.2 0.2 0.6
Ta 0.5 0.5 0.5 0.5
Hf 1 1 1 1
Mo 34 12 11 3

Pb 28 13 10 20
Sn 1 1 1 1

V 29 57 37 27

F-29

5.89
0.04
0.22
68.03
481
0.38
3.04
0.03
0.11
0.04
11.89
94.5
F-29

221
5.6
192
209
26
7.4
52
1

5
9.2
10
10.6
0.6
0.5
1

4
28
1
35

F-28 F42 F-37 F-31 F-34
523 3745 636 652 19.69
005 0.09 005 0.04 0.04
051 063 038 041 033
67.29 4353 65.28 64.87 5881
297 312 367 218 298
021 017 057 0.2 0.12
504 301 403 737 289
004 0.08 006 0.06 0.04
016 021 016 013 0.09
005 016 011 0.04 0.07
1154 11 1293 11.77 1232
93.1 994 936 936 974
F-28 F42 F-37 F-31 F-34
582 672 1201 886  59.2
6.7 5.6 4.6 3.2 2.1
356 180 111 337 405
24 31 40 23 26
102 129 1269 20 33
54 4 185 53 3.4

5 10 248 5 5

1 1 1 1 1

5 5 5 5 5

5.2 8.6 9 7.1 8.1
10 10 10 10 31
3.7 5.7 6.1 3 4
1.2 0.6 0.8 0.6 0.4
0.5 0.5 0.5 0.5 0.5

1 1 1 1 1

20 5 16 2 8

30 25 25 10 17

7 7 2 6 1

37 34 56 30 25

S 5 i 5 03129 FEO Jlaio 0 Silie 288
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4,0 1L 2 5 Eu/Eu* . | cie Jlagil slls
50125 LLan/Cey loio o Sile cppiomad .l yuiss
515 Lan/Yby jlade .ol 10/8 (Lan/Yhy lade o S5les
5,90 adhie glp ZREE . Silo .aiS o pis 24 1 3/5
PO pS 39/47 15 13136 ;) )1 Jlaie 9 24/18 axllas
L 2025 | LREE/HREE o /(2 J50) sl yeuis
oy ol 0194 T Se g ol s 10 13/78
Gy oSl aS s oo i S ol jolie polis
iy 6 yien Slasts b LREE o5y bawgio b oS L
(D -10 Js i 92 Jgox) wilesgy pewl HREE  pslis
EU cie Jlegil s HREE ay cors LREE _Sas ¢
(Hongo and o—sb oo ,Lsls o ol 5 Lie asls
Sleogas 5 HREE olie o4 b g NOzaki, 2001).
Eu.(Xu Bao et al., 2008) cul olo S slo,Luils
oS sbdshone 5o (bl e GLaREE o oo
S 0 ST slran cnlys 50wl e 5 0o ST i
s BU oo Jlagil Jds (mamay g 0S8 00 Conds
s 1 )LslS g5 ol 0 1y Ko glo REE Lae Jlogs]
.(Hongo and Nozaki, 2001) 54

Isﬂ‘

(Stumm and oSyl 8 olie iz sl YL
sle,L.ils g Morgan, 1996; Anschutz et al., 2005)
5 NiCo 5l oYL s polie ghls mgifs,ned 55
(Heshmatbehzadi
Sl oo shilo Jlo g ane slo Luils a4e ,0 3 2010)
(Co + Ni + Cu < 0.01 wt.9%) , ole ;! 5l s
aidlaie sl ylade opl .(Jachand Dudek, 2005)sci.s
Ol Sle g i [0 0o, 0/002 1 0/1 3 asllas 5,90

and Shahabpour, s.c_.» Cu

(Cu+ Ni+ oL aw logai.cowl Sy 9oy 0/017
(Bonatti et al., 1972; Crerar et al., C0)*10-Fe-Mn
o, Lsls Lo asdllas (gl 00 58 5 b 4, 1982)
(Shah and Khan, csl 48,5 1,8 solatwl 5,50 5:Ki0g,8

1999; Jach and Dudek, 2005; Shah and Moon,
2004, 2007; Heshmatbehzadi and Shahabpour,
2010; Karakus et al., 2010; Oksuz, 2011; Polgari
et al., 2012, Zarasvandi et al., 2013, Canet et al.,

50 a5,8 dalllas 5,5 0 ddlaie sladiges a5 5l 2008)
(B-10 s z2) 0,5 0 51,58 ole,S sl LuslS sogame
NIHCO oL5so Jlogad ) 5 oS 5 258 polic s
(Crerar et al., Cu+Zn+Pb+Mo+V+As J s yo
00gd—a ;o Iy aalllas 3,4 o 4dlate glaa S5 1982)

(C-10 JSa) amo oo )13 ol )5 sl Lusls

3,8 3lassT eagamme (g5l SIS slaryg; (S ol polie polie 2 Jaus

Table 2. REE contents of mineralization zones of Ferezneh prospect area

Element F26 F23 F22 F-30
(ppm)

La 14 - 39 48
Ce 96 8 156  16.9
Pr 121 098 188 22
Nd 53 45 77 86
sm 14 11 19 16
Eu 078 077 137 209
Gd 102 101 203 115
Th 022 02 029 023
Dy 082 104 119 066
Ho 016 015 022 014
Er 054 046 056  0.28
m : : : :

Yb 04 03 04 02
Lu 008 007 006 006
SREE 2293 1858 371 3891
LREE/HREE 608 475 681 133
Lay/Cey 015 - 025 0.8
Eu/Eu 2 223 213 471

F29 F-28 F42 F-37 F-31 F-34
2.6 - - - 2.7 -
171 74 5.8 6.5 129 6.1
201 08 058 071 166 08
7.7 3.1 2.3 2.8 5.7 3

2 0.6 0.6 1.3 1 06
175 089 056 079 194 062
204 043 061 082 07 0.62
041 009 017 014 011 0.3
197 048 107 103 055 074
033 016 021 014 008 0.1
085 021 061 037 018 027
06 03 1 0.2 0.2 0.3
011 008 019 008 006 007
3947 1459 137 1488 27.78 13.36
525 734 255 435 1378 496
043 015 - - - 0.21
9.8 433 135
265 536 283 234 709 311
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Fig. 10. A: Fe-Mn-(Si*10) for Fe-Mn ternary classification diagrams (Toth, 1980; Nath et al. 1997). B: Fe-Mn-(Cu + Ni
+ C0)*10 ternary classification diagrams for Fe-Mn deposits (Bonatti et al., 1972; Toth 1980). C: Ni+Co vs.

Cu+Zn+Pb+Mo+V+As binary classification diagram for Fe-Mn deposits (Crerar et al., 1982). D: REE spider diagram
of Ferezneh prospect area, normalized to chondrite (Boynton 1984).
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Table 1. Maximum concentrations of heavy metals in drinking water (EPA, WHO and national standards) (EPA, 1999;
Esmaili Sari, 2001; WHO, 2006; Kar Amoz and Kerachiyan, 2007).

Element | national standard (mg/l) | EPA(mg/l) | WHO( mg/l)
Fe 1 0.3 0.3
Mg 150 50 50
Cu 1 1.3 1
Zn 15 5 3
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Table 2. The concentrations of heavy metals in water samples from the plain Zurabad (concentrations are in ppm)

Location Type of sampling Zn Cu Mg Fe Y X
Gerdik Water fountain 2.5 1.04 260 0.8 4282402 472561
Galavans dam Agueduct 1.98 0.9 283 1 4286131 473672
Galavans Water fountain 15 1 303 1.1 4284280 474815
Galavans Water fountain of dam  1.22 1.09 275 1.1 4286033 473132
Galdour Piezometer 2.8 0.42 1.3 18 4290280 469178
Ghinar Bala Agueduct 1.51 1.06 83 1.1 4291742 468244
Ghinar Bala Piezometer 0.92 0.98 215 1.2 4291278 467554
Ghinar Bala Well in operation 0.87 0.55 130 1 4291348 468389
Ghinar Pain Piezometer 1.6 1 301 24 4293299 380155
Ghinar Pain Aqueduct 0.92 1 155 0.92 4292571 467772
Mamash Khan Water fountain 1.6 1.1 196 0.67 4289568 380807
Mamash Khan Piezometer 1.3 0.7 121 3.2 4289915 379895

6,10 pasges bl b ol oo ((Radfar et al., 2005) 95 11100000  wliis o 45 5 (ool ) 0blyg5 9 (595 (omliioipan; aiiis 2 JSCio

o

Fig. 2. Geological map of Khoy and Zourabad (based on the Khoy geological sheet 1:100,000; Radfar et al., 2005)
along with water sampling points
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Table 3. Concentration of some metals in water samples investigated in northern plain of Khoy (concentrations are in
ppm)

Location Type of sampling Zn Cu Mg Fe Y X
Agri Bojagh Piezometer 0.5 1.1 336 183 4276762 498467
Agri Bojagh Well in operation 0.7 1 320 1.1 4277668 497748
Agri Bojagh Well in operation 0.7 1 341 0.03 4278016 497038
Ghiz Ghale Piezometer 2.8 0.9 587 27 4277441 499301
Ghiz Ghale Well in operation 2.4 1.02 283 1.1 4277855 488904
Ghiz Ghale Well in operation 3.2 10.2 658 0.9 4278280 499048
Sarab Piezometer 0.47 0.9 309 36 4273043 498652
Kesht Zar Piezometer 2.4 1.1 633 17 4271955 499764
Kesht Zar Well in operation 1.2 1.06 298 1.1 4271117 500433
Dizaj Khan Well in operation 0.74 0.96 280 1.2 4273559 496220
Dizaj Khan Piezometer 2.38 1.1 169 109 4274599 497955
Dizaj Khan Aqueduct 0.9 0.94 193 1.2 4275842 495722
Parchi Well in operation 0.96 1.05 63 2.5 4273613 498627
Parchi Piezometer 1.36 0.58 605 41 4272112 498271
Town hall of Khoy Well in operation 0.44 1 245 1.2 4267112 478808
Khoy Piezometer 1.9 1.03 563 0.9 4267357 495892
Badal Abad Piezometer 1.08 0.81 242 58 4270146 496273
Badal Abad Well in operation 0.87 0.86 1030 1.1 4271650 495877
Gherekh Yashar Aqueduct 1.3 0.64 190 1.1 4271674 493385
Ag“cg'itr‘;rrg'g'ha”d of Piezometer 1.5 1.05 1463 05 4270920 487837
Output in Firoragh Piezometer 0.86 0.9 277 116 4271290 485365
Entrance of Firoragh Piezometer 0.98 0.98 342 15 4269609 486613
Pir Mousa Well in operation 0.6 0.9 213 1.2 4270289 489313
Pir Mousa Piezometer 0.68 0.96 221 36 4269351 490625
Yengeja Piezometer 0.92 0.74 1668 1.1 4272475 485974
Yaroum Ghiah Well in operation 0.78 1.2 616 1.2 4268692 490330
Yaroum Ghiah Piezometer 0.42 1 603 59 4268693 489524
Dizaj Water fountain 0.95 1.03 248 2.4 4275141 481702
Gheshlagh Water fountain 0.23 1.04 57 1 4276008 483392
Gheshlagh Aqueduct 0.95 1 305 1 4275133 483028
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Fig. 3. Logarithmic plot of iron, magnesium, zinc, and copper in the north Khoy (in ppm) (p: piezometric well, A:
agriculture well, Q: Aqueduct, and S: water fountain)



o) en g golslas

44

1000 +
g
= 100 4+
g
E 104 m Fe
= m Mg
=]
g 1 ‘J_:J'A-"'.-"... e - ;"l:_ IC“
8 s i e =
O . m Zn
0.1 < 7 B~
g O n <« & O B §
= s = =2 B £E £ =
T @ wn . " = = o= = L L
w & %2 2z L A Mmom oA A m =
2 £ F F 2 5 5 5 5 §F 3 3
T 5 5 5= £ £ E E E £ ¢
3 == ® &= " =2 =2 £ =2 = = =
CHECICI I -

(PPM ) (3hTy55) (553 st dlod 1o (555 5 o e o0 polie Gline (a2 )5 Jlogas 4 Y8

Fig. 4. Logarithmic plot of the concentrations of iron, magnesium, copper, and zinc in the northwest Khoy (Zourabad

area) (in ppm)
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Fig. 12. Concentration diagram of zinc in the north Khoy (in ppm)
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Fig. 13. Concentration diagram of zinc in the northwest Khoy (Zourabad area) (in ppm)
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Fig. 14. Co-amount maps of element concentrations (in ppm). A: Iron, B: Magnesium
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Fig. 1. Location of calcite deposits of Urmia lake south basin (Ghare-Gheshlagh).
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Fig. 3. XRD diagrams of samples of Ghare-Gheshlagh A: Green calcite, B: Pink calcite, C: White calcite.
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Fig. 4. White and brown (Iron oxides included) color calcite layers in white marble of Ghareh-gheshlagh.
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Table 1. XRD diagrams of samples of the Ghare-Gheshlagh: Green calcite, B: Pink calcite, C: White calcite.

% % % %
Formula  Dolomite  White Calcite Pink Calcite Green Calcite
SiO, 0.16 0.25 0.11 0.16
Fe,O; 0.45 2.33 0.3 2.29
MnO 0.05 0.05 0.67 0.15
MgO 17.5 0.29 0.55 0.53
CaO 35.19 53.89 54.45 53.4
SO, 0.05 0.3 0.2 0.36
L.O.1 46.52 42.8 43.6 42.96
&0
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10 i 503
4 . P— v ——MnD
0 1 4 3 q 3

by cwgud 332 dojles 88l jgme ,0 . Dide s dilate biee Kiw g endS 10 09390 lronST SeSic o505 .5 S

il oo e CoandS 5 (590 CndS i CodSitieglye

Fig. 5. Spider diagram of major oxides in calcites and host rock of the Ghare-Gheshlagh. 1, 2, 3, 4 and 5 in horizontal
axe indicate Dolomite, White calcite, Pink calcite and Green calcite respectively.
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Table 2. Average continental crust normalized of trace elements in dolomite and calcites of the Ghare-Gheshlagh

(Ppm).
Elements  Dolomite Green calcite White calcite Pink calcite
Rb 0.237 1.036 0.838 0.303
Ba 0.022 0.191 0.132 0.034
Th 0.225 0.55 0.281 0.257
U 0.904 1.492 1.48 0.84
Nb 0.002 0.008 0.002 0.002
Sr 0.283 1.22 0.989 0.351
P 0.076 0.397 0.151 0.15




61

e (TOPSIS) Jlowsl a5 4 calids (6,08 puonas g, 51 ooliiwl

(1394 JL) 1 o)l 7 al>

2.000

1500 ;|

1.00:0

Sample/UCC

0500 |

0.000

rRb Ba

Th

== Green calcite

Whate calcite |
i PInk calcite

8o 8 dilaie slacudS o Sz jolie m)s S5Sie logai 6 S5

Fig. 6. Spider diagram of trace elements distribution in calcites of the Ghare-Gheshlagh.
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Table 3. Eu anomalies in average samples of the Ghare-Gheshlagh.

Green calcite

White calcite

Pink calcite

0.087

0.247

0.997
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Table 4. Ce anomalies in average samples of the Ghare-Gheshlagh.

Green calcite

White calcite

Pink calcite

0.0131

0.0241
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Table 5. Volume of the calcite deposits in the Ghare-Gheshlagh.

White calcite Green calcite Pink calcite

1703 79679 63778
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Table 6. Index-Rock decision matrix in the Ghare-Gheshlagh.

AC; CaO Eu Anomaly Ce anomaly Sr Volume

Pink calcite 54.45 0.997 0.0241 0.35 63778

Green calcite 53.4 0.087 0.0131 1.22 79679

White calcite 53.89 0.247 0.0113 0.99 1703
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Table 7. Index-Rock normalized weighted matrix in the Ghare-Gheshlagh.

AI\Cj CaO Eu anomaly Ce anomaly Sr Volume
Pink calcite 0.583 0.967 0.812 0.218 0.625
Green calcite 0.572 0.084 0.442 0.758 0.781
White calcite 0.577 0.24 0.381 0.615 0.017
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Table 8. Geological and geochemical index weights in the Ghare-Gheshlagh.

CaO Eu anomaly

Ce anomaly Sr

Volume

0% 43%

11.6% 39.1%
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Fig. 7. Diagram of geological and geochemical index weights in the Ghare-Gheshlagh.
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Table 9. CL" values for calcitic units in the Ghare-Gheshlagh.

CL" (Pink calcite)

0.837

CL" (Green calcite)

0.445

CL" (White calcite)

0.157
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Fig. 8. Graphic diagram of the optimum sampling formations for geochemical investigations in the Ghare-Gheshlagh.
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Fig. 1. General geological map of NE Iran (Compiled from geological maps in different scales (Sahandi and Hosseini,
1990; Eftekharnezhad et al., 1974; Vaezipour et al., 1993; Afsharharb et al., 1987; Naderi Mighan and Torshizian,
1999; Behroozi, 1988)). Some of the most important ore deposits are shown in the map. The study area shown in
northeast of Kashmar city by black frame, at contact of Dorouneh fault in north of Lut block and south of Alborz and
Sabzevar zones, is located between Koh e Zar and Tanourjeh IOCG deposits.
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Fig. 2. Strike-slipe movement of Dorouneh and Taknar faults, sinistral simple shear occurrence and low angle and

compatible P and R shear fractures with faults movement and high angle and incompatible R' shear fractures in the
study area in northeast of Kashmar. Tension (T) lie in 45° angle (near staple to R fractures).



74

352130N

351800N

352130N

351800 N

Dorouneh fault I’_ g

> 1

58 36 E

58 42 E

5848 E

Lol 50 2 IS jo ,Uasl 0,50 R g R P (gluKinsls) .ol ooy asive 1ol5 b Slalllas osgame . ool e Slalllas 3 GOOgle earth
(ML» osls &, R sleSnsis 2 O > 4O el sladlaie jniS 2 I b uioren Lailoads ools ylis
Fig. 3. Principal faults and fractures depict in northeast of Kashmar by compilation of Landsat 7*, IRS and high-quality

GoogleEarth images and field studies. The study area is shown by frame (prospectable P, R and R’ fractures in Fig. 2
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Fig. 5. Summary diagram illustrating the fluid flow within and around a shear zone with regional compression
(Connolly and Cosgrove, 1999) and referring it to alteration and mineralization occurrence in northeast of Kashmar. In
this model, principal areas for mineralization are predicted in the space between two shear walls (between Dorouneh
and Taknar faults (RES area)). Probable areas for mineralization also correlate with highest fluid flow (Main fluid sink).
Bahariyeh, Uchpalang and Sarsefidal areas are located in crosscutting points between Dorouneh fault with minor faults,
areas with highest fluid flow (Main fluid sink) and most intensive alteration.
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Fig. 6. Processed Aster image of northeast of Kashmar area. Bahaiyeh, Uchpalang and Sarsefidal areas have highest
intense alteration. The positions of alterations are fully correlated with predicted areas in Fig. 7.
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Fig. 7. Alteration map of Kashmar in 1:20,000 scale. In intersections of secondary faults with principal Dorouneh
faults, hydrothermal fluid causes K-Si (advanced argillic + sericite + quartz) in Bahariyeh, Uchpalang and Sarsefidal
and Fe-Ba-Si-K (Fe-Ti oxides-quartz-chlorite-baritetsericitetepidote) and Ca-Fe-Ti-Si (calcic (chlorite-epidote-

calcite)-Fe-Ti oxides-titanite-quartz) alterations in Kamarmard area.
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Fig. 8. Distribution map of ore-bearing veins (base metal-sulfide veins and I0OCG veins) in northeast of Kashmar. Base
metal-sulfide veins are concentrated in Bahariyeh and near to Dorouneh fault, while IOCG veins in Kamarmard area.
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Table 1. Analysis results of base metal-sulfide veins and IOCG veins in northeast of Kashmar. Samples of base metal-
sulfide veins are shown with (*) symbol.

Cu Au Pb (ppm) Zn Ag W As Fe Mn Ba
Sample  (ppm) (ppb) (ppm)  (ppm)  (ppm)  (ppm) (%)  (ppm)  (ppm)
KM1 479 24 48 37 0.2 Yo 26 7 1087 75
KM3 52 55 32 57 1.2 1 27 5 303 269
KM4 614 178 122 25 2.7 1 103 8 387 475
KM6 6304 33 964 130 9.2 1 84 15 142 14
KM7 51 6 172 201 0.3 0 2 6 4639 1055
KM10 110 16 324 164 2 18 73 8 1255 1483
KM11 6265 1295 24 575 4 2 139 3 805 491
KM12 87 5 6169 95 7.4 7 6 1 645 437
KM13 1781 11 >10000  >10000  49.6 2 183 1 212 58
KM14 334 5 >10000 152 5.7 0 8 1 409 196
KM16 420 6 22 88 0.2 1 3 1 376 2283
KM17 1176 18 54 63 0.3 1 10 1 248 1236
KM18 955 5 877 183 5.1 5 7 3 547 2283
KM19 190 10 25 15 0.2 0 3 0 55 1020
KM20 227 3 70 32 0.2 2 8 1 320 2586
KM21 152 3 237 48 0.4 1 3 2 451 2748
KM22 414 28 5226 104 3.4 1 3 1 351 115
KM23 868 6 207 127 6.9 1 19 1 3177 2726
KM24 339 2614 4413  >10000 5.1 0 21 5 6137 76
KM25 1389 14963  >10000 >10000  22.2 <0.1 36 6 7366 44
KM27 264 6748 1578 2147 4.7 0 18 3 3418 61
KM105  >10000 64 487 1193 3.6 11 50 16 1415 111
BM6 4676 4 19 72 0 2 3 4 1247 66
BM3*  >10000 116 106 347 0.6 2 8 7 2630 133
BM5*  >10000 27 80 302 0.9 0 172 3 847 163
BM101* 593 69 6605 328 56.1 0 22 5 69 119
KM101* 1676 7 1472 384 15 1 15 1 6134 41
KM102* 143 7 79 90 1.1 17 25 5 7645 306
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Fig. 9. Paragenetic sequence for ore and gangues of ore-bearing silicified veins (base metal-sulfide veins and 10CG
veins) in northeast of Kashmar.
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Table 2. Dating analysis results of quartz monzonite of I-type intrusive rocks in northeast of Kashmar

Sample  U(ppm) Th(ppm) U/Th  2PbP%Pb  +(%) 2PbU  +(%) *®Pb/28U  #(%) Age
1 5.70 6.64 0.86 0.0485 7.3 0.0450 2.9 0.0067 29 432
2 1.70 1.30 1.31 0.0548 30.7 0.0557 6.7 0.0074 6.7 474
3 4.78 5.96 0.80 0.2071 11.3 0.2361 38 0.0083 37 530
4 4.88 2.59 1.88 0.0481 2.7 0.0419 2.4 0.0063 23 406
5 2.04 1.05 1.94 0.0485 3.0 0.0423 38 0.0063 38 406
6 1.52 1.12 1.36 0.0499 36 0.0434 4.8 0.0063 47 405
7 3.24 3.53 0.92 0.0485 5.0 0.0421 8.2 0.0063 82 404
8 1.56 9.10 0.17 0.0482 2.6 0.0417 1.3 0.0063 1.2 403
9 2.00 1.25 1.60 0.0479 12.0 0.0413 3.0 0.0063 29 402
10 1.63 1.23 1.33 0.0491 2.2 0.0423 1.3 0.0063 1.2 402

28 G led | esi 65585 GleSiw RD-ST lacgisil & Lbiye (q5555] slaosls 3 Jguar
Table 3. Isotopic data related to Rb-Sr isotopes for I-type intrusive rocks in northeast of Kashmar

Age *'Rb/®Sr *'Sr/*sr STco B oiei
Sample (Ma) RD (ppm) - Sr (ppm) 8 Rb/®sr uncertainty measured St/7Sr initial
BP-25 40 16.8 58.2 0.835 0.000007 0.706388 0.705914
BP-103 40 64.9 359 0.523 0.000010 0.705890 0.705593
SP-20 40 74.4 379 0.568 0.000007 0.705824 0.705501
SP-7 40 72.7 340 0.619 0.000014 0.706113 0.705761
BP-11 40 94.6 393 0.696 0.000007 0.705741 0.705346

875r/%8Sr= 0.710264+15 (conf. lim 95%, N=13). The initial ratio of ¥Sr/®Sr calculated using ®Rb/®Sr and (¥’Sr/%*Sr)m and age 40

Ma (age based on zircon)
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Fig. 10. Polished-section images of base metal-sulfide veins and IOCG vein samples in northeast of Kashmar: A, B:
Chalcopyrite and galena related to | and 11 paragenetic subgroup of base metal-sulfide veins, respectively; C to G are
related to I0CG wveins: C, D: Chalcopyrite-chalcocite-covellite in | subgroup; E, F: Galena-pyrite and galena in Il
subgroup; G: Specularite in Il subgroup. (Chalcopyrite: Ccp, Chalcocite: Chl, Covellite: Cov, Galena: Ga, Pyrite: Py,

Specularite: Spcul).
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Fig. 11. Copper geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 12. Gold geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 13. Zinc geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 15. Plot of determined mean date of U-Pb isotopic data for I-type quartz monzonite sample in northeast of Kashmar
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Table 4. Isotopic data related to Sm-Nd isotopes for I-type intrusive rocks in northeast of Kashmar

Age  Sm Nd NdANd  NdAUNd
Sample  (Ma) (ppm) (ppm) - Sm/*Nd measured initial Nd/™"Nd eNdi
BP-25 40 4.70 22.4 0.127 0.512688 0.512655 0.348400 1.33
BP-103 40 5.87 28.9 0.123 0.512654 0.512622 0.348402 0.69
SP-20 40 5.70 29.8 0.116 0.512667 0.512637 0.348102 0.98
SP-7 40 4.54 22.5 0.122 0.512534 0.512502 0.348408 -1.65
BP-11 40 5.43 27.9 0.118 0.512606 0.512575 0.348102 -0.22

3Nd/A**Nd= 0.5121015+74 (conf. lim 95%, N=12). The initial ratio of “*Nd/***Nd calculated using *’Sm/***Nd and (***Nd/**Nd)m
and an age of 40 Ma (age based on zircon) €Ndi, initial eNd value
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Fig. 3. A: Lath-shaped plagioclase crystals. B: Plagioclase crystal with corroded margins in contact with hornblende. C:
Plagioclase alteration to epidote and zoisite. D: Rhythmic overgrowth of hornblende on a corroded pyroxene (PPL). E:
Rhythmic overgrowth of hornblende on a corroded pyroxene (XPL). Plagioclase (PI), Sphene (Spn), Hornblende (Hbl),

Pyroxene (Px), Zoisite (Z0), Epidote (Ep).
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Table 1. Whole rock major (wt.%), trace element and rare earth elements (ppm) composition of the hornblende gabbros

from southeast of Fariman.

sample
(Wt%)
Sio,
TiO,
Al,O,
TFeO
MnO
MgO
CaO
Na,O
K,0
P,Os
Cr,04
LOI
Mg#
Total
(ppm)
Ba
Be
Co
Cs
Ga
Hf
Nb
Rb
Sn
Sr
Ta
Th
U
V
w
Zr
Y
La
Ce
Pr

Nd

92P-1

49.27
1.01
14.18
10.23
0.14
9.45
8.98
2.00
0.72
0.11
0.04
3.07
64.07
99.02

184

54.4
1.2
14.4
15
8.2
26.5
<1
311.4
0.5
1.52
0.2
142
<0.5
59.7
12.9
8.9
16.6
2.15
9.6

92P-3

49.10
1.01
13.57
10.33
0.14
10.80
8.80
2.00
0.73
0.12
0.06
3.10
67.40
99.76

180
2
56.1
1.00
15.10
1.60
8.10
24.50
<1
330
0.50
1.40
0.60
150
<0.5
57.70
11.40
8.90
17.70
2.18
9.30

B1

52.28
2.01
13.37
9.91
0.14
5.37
8.60
3.90
0.78
0.13
0.005
3.30
51.80
99.80

202
<1
37.40
0.30
18.90
3.10
10.00
19.20
2
277.3
0.50
2.20
0.50
174
<0.5
107.40
20.50
10.90
22.50
291
3

B6

50.70
1.76
13.76
11.37
0.15
5.37
9.86
3.51
0.55
0.19
0.005
2.60
48.30
99.82

140
<1
37.90
0.30
19.80
2.80
10.30
13.30
1
376.4
0.70
1.80
0.50
170
<0.5
97.20
22.50
14.60
28.80
3.83
17.90

89p-46

51.48
1.55
11.60
11.47
0.20
8.90
8.42
2.25
0.78
0.28
0.05
2.70
60.60
99.68

89p-59

52.46
2.83
2.74

13.05
0.25
4.50
8.22
3.65
0.17
0.55
0.01
1.33

40.60

99.76

89p-62

52.17
3.04
12.39
13.19
0.29
4.84
8.11
3.40
0.35
0.44
0.01
1.18
42.10
99.38
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Table 1 (continued). Whole rock trace element and rare earth elements (ppm) composition of the hornblende gabbros

from southeast of Fariman.

sample  92P-1 92P-3 B1
(ppm)

Sm 2.42 2.39 3.84
Eu 0.90 0.91 1.41
Gd 2.81 2.75 431
Th 0.43 0.43 0.76
Dy 2.67 2.35 4.42
Ho 0.49 0.45 0.87
Er 1.28 1.22 2.24
Tm 0.18 0.17 0.33
Yb 1.10 0.99 1.85
Lu 0.14 0.14 0.26
Mo 0.70 0.40 0.50
Cu 59.80 68.30 21
Pb 15.20 15.60 9.90
Zn 78 63 6.50
Ni 127.2 119.40 35.90
As 1.60 1.40 2.00
Cd 0.80 0.30 0.10
Sh <0.1 <0.1 0.20
Bi <0.1 <0.1 <0.1
Ag <0.1 <0.1 <0.1
Au <0.5 <0.5 0.90
Hg 0.01 0.02 <0.01
Ti <0.1 <0.1 <0.1
Se <0.5 <0.5 <0.5

Eu/Eu*  0.345 0.354 0.346

>y 00 Jlumdan e SGe jlog i o Ph ezl
095 pailogulio ;b Wlgi oo (rizred adsl Jile o5 5
05 1559,% (s3] gy 31 (AU Slellws sy slazisS
sl 5 as o0l 5l (Kamber et al., 2002) o_xb
SS9l S slwodgs plprean (S sleosys b olyen
SNo9—e3 5 Ly pl5 £53 panseis jslateds (o )5 oo g
slgny,S SSas ey 4S5 (Whalen et al., 1987)
ool ol (7 JSW:) A oolaiwl ols 5 55T susgil S
E9- ladsidl S oogase ;o axlllas )90 athin slag pl5
SIS A g5 Sl S b bl 5 43,5 15

B6  89p-46 89p-59  89p-62
4.42
1.66
5.06
0.86
4.65
0.92
2.58
0.36
2.02
0.28
0.40
21.50
15.20
71
34.30
2.60
<0.1
0.20
<0.1
<0.1
1.30
<0.01
<0.1
<05
0.363

Jle oS 5 00l Jlmiady J5Se loged o

Nb ite Jlogl o olowiess Ll 51 (C -6 Jsa) adsl
(Wilson, oS e ol 1) Liilye,8 bl o LSle JSias
flas b Jubsid polic 5| loaiges (S i ogdlea, .1989)
yolie 5l c3eSs (Sas i 9 (LIL=Rb K) 5,5 S
L o peeiloSle ik (HFS = Ti \Nb) YU gy o038 L
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Fig. 5. Plots of various elements or element ratios for hornblende gabbros from southeast of Fariman in A: TAS
diagram (Cox et al., 1979). B: K,O versus SiO, (Peccerillo and Taylor, 1976). C: Alkali Index versus Al,O; (Wt%)

(Middlemost, 1985). D: AFM diagram (lrvine and Baragar, 1971). E: Molecular a203/Na,0+K,0 versus molecular
Al,03/Ca0+Na,0+K,0 diagram after Maniar and Piccoli (1989) showing classification of the rocks into metaluminous,

peraluminous and peralkaline fields.
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Fig. 1. Simplified regional geological map of the Mesgar area modified after Radfar et al. (2005).
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Fig. 3. Views of rock units at the Mesgar area A: Pyroclastic units have concordantly overlain the Miocene sedimentary
units (view to the south-southwest), B: Lavas have concordantly overlain the pyroclastic units (view to the south), C: A
close view of the volcanic breccia with angular andesitic basalt clasts, D: Agglomerate units with rounded to

subrounded andesitic basalt clasts.
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Fig. 4. Photomicrographs of minerals and textures in the andesitic basalt lavas at the Mesgar area. A: Plagioclase
phenocrysts with sieve texture along with plagioclase and pyroxene glomerocrysts set in fine-grained groundmass
(cumulophyric texture), B: Pyroxene glomerocryst set in hypocrystalline groundmass (glomeroporphyritic texture), C:
Seriate texture with zoned plagioclase at the center of the photo, D: Trachytic texture with plagioclase microlites, E:
Pyroxene phenocryst with polysynthetic twinning, F: Alteration of rock minerals to calcite and chlorite. All
photomicrographs are taken in transmitted light, XPL. (Cal= calcite, Chl= chlorite, Hem= hematite, PI= plagioclase,
Px= pyroxene)
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Fig. 5. Mineralization stages at the Mesgar iron occurrence. A: Stage-1 disseminated coarse-grained hematite in
andesitic basalt lavas, B: Rounded clast of stage-1 hematite in hydrothermal breccia of stage-2 mineralization, C: Stage-
2 quartz and quartz-hematite veins crosscutting the andesitic basalt host rock, D: Stage-2 hydrothermal breccia with
hematite, quartz and chlorite cement, E: Chlorite and quartz vug infill with colloform and crustiform textures among the
andesitic basalt clasts, F: Chlorite and quartz vug infill with colloform texture among the hematite crystals. A, E and F

are taken in transmitted light, XPL, and B is taken in reflected light, PPL. (A-L= andesitic basalt lithic, Chl= chlorite,
Hem= hematite, Pl= plagioclase, Px= pyroxene, Qz= quartz)
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Fig. 6. Types of ore textures at the Mesgar iron occurrence. A: Quartz-hematite veins crosscutting the andesitic basalt
host rock, B: Hematite with massive texture, containing breccia clasts of host rock, C and D: Breccia texture of ore.

Colloform texture of quartz is also observed in D. (A-L= andesitic basalt lithic, Chl= chlorite, Hem= hematite, Pl=
plagioclase, Qz= quartz)
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Fig. 7. Photomicrographs (reflected light, PPL) of ore mineralogy at the Mesgar iron occurrence. A: Subhedral crystals
of bladed hematite, B: Subhedral and coarse-grained crystal of hematite, C: Bladed crystals of hematite with spherical
texture, D: Subhedral crystal of magnetite along with euhedral crystals of hematite. (Hem= hematite, Mag= magnetite)
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Fig. 8. Types of quartz at the Mesgar iron occurrence. A: Euhedral to subhedral coarse crystalline quartz overgrown
among the microcrystalline quartz (chalcedony), B: Microcrystalline quartz with colloform texture among the hematite
crystals, C: Andesitic basalt breccia clasts overgrown by cockade bands of microcrystalline quartz, D: Ore-bearing
quartz vein with crustiform quartz and colloform and spherical chlorite. All photomicrographs are taken in transmitted

light, XPL. (Chl= chlorite, C-Qz= coarse crystalline quartz, Hem= hematite, M-Qz= microcrystalline quartz, Pl=
plagioclase, Px= pyroxene)
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Fig. 9. Paragenetic scheme showing the relative abundance, structure and texture of gangues and ore minerals at the

Mesgar iron occurrence.
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Table 1. Geochemical data of volcanic host rocks (samples M-20, M-15 and M-20A) and ore zones (samples M-6 and
M-30) from the Mesgar iron occurrence. Major elements in wt%, and trace and rare earth elements in ppm.
Element SiO, TiO, AlLO; Fe,0; FeO* MnO MgO CaO Na,0O K,O P,0Os SO; LOI Cu
M-15 59.04 099 16.43 7.49 5 0.16 296 5.82 3.95 152 023 002 129 0.03
M-20 5853 0.98 16.62 7.48 5 016 295 595 4.1 135 0.22 - 1.63 0.01
M-20A 59.04 0.97 16.52 7.22 4,75 0.17 283 5.91 4.06 1.38 0.23 - 1.61 -
Ag Al As Ba Be Bi Ca Cd Co Cr Rb Re S Sb
M-15 0.68 8.45 5.9 569 1.7 <0.1 455 021 16.7 17 535 <0.01 <50 0.1
M-20 0.22 842 2.8 540 1.9 0.3 423 0.15 15.6 15 549 <0.01 <50 0.2
M-20A 0.2 7.58 2 526 2.1 <0.1 4.08 0.15 15.3 14 39.1 <0.01 <50 <0.1
M-6 0.04 2420 11 61.9 <0.2 <0.1 1290 0.06 1.1 15 9.8 <001 <50 0.2
M-30 0.02 2320 0.7 161 <0.2 <01 1910 <0.05 0.7 6 54 <001 <50 0.1
Sc Se Sn Sr Ta Te K Li Mg Mn Mo Na Nb Ni

M-15 14 0.46 2.8 279 193 <02 132 13.1 1.42 1200 1.7 334 174 8
M-20 17 0.1 2.9 266 1.92 <0.2 112 15.6 150 1140 1.5 317 16.8 6
M-20A 12 <0.05 2.6 268 176 <02 1.15 9.1 1.23 1260 1.4 316 16.6 9
M-6 1 <0.05 15 109 378 <0.2 1390 3.7 2890 419 2.4 524 0.6 3
M-30 <1 <0.05 1.3 44.6 0.2 <0.2 917 3.1 1930 203 1.2 544  <0.5 3

P Pb Cs Cu Fe Ga Ge Hf Hg In Th Ti Tl U

M-15 1170 22.2 3.7 455 549 197 140 105 <0.05 006 9.01 6740 08 343
M-20 1110 134 4.8 27.9 516 189 141 101 <0.05 0.07 111 6140 09 3.01
M-20A 1120 115 4.3 324 511 197 139 102 <005 006 792 6170 08 3.38

M-6 19 17.4 1.4 8.4 433 372 065 015 <005 <0.01 136 143 01 336
M-30 7 0.8 31 102 3260 311 056 <0.02 <0.05 <0.01 0.37 99 02 274

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
M-15 32 646 7.76 30.6 5.83 15 6.04 098 628 139 403 071 431 0.79

M-20 36.6 726 853 333 636 161 654 105 658 142 417 072 46 071
M-20A 284 584 7.06 278 547 142 563 0.9 575 129 369 064 383 06

M-6 3.51 175 1.06 4.22 1.08 019 111 031 204 049 171 028 161 0.29

M-30 2.29 223 0.69 2.79 058 013 076 016 099 022 071 012 0.72 0.12
W Y \Y% Zn Zr

M-15 1 35 162 110 463

M-20 1.3 38.3 152 105 454

M-20A 0.8 30.9 153 138 451

M-6 0.5 13.8 49 16.9 10

M-30 <0.1 5.06 16 18.6 <1
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Fig. 10. A: Primitive mantle—normalized multiple element diagram (Sun and McDonough, 1989) for the volcanic rocks
from the Mesgar area, B: Chondrite—normalized REE pattern (Nakamura, 1974) for the volcanic rocks from the Mesgar
area, C: Chondrite-normalized REE patterns (Nakamura, 1974) for andesitic basalt lavas and ore zones from the

Mesgar area.
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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
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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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1. Butlerite
2. Jarosite

3. 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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<:| Gas
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(Lefebvre et al., 20018) <o o 2aleST 55, oS! ool slaaT s o Los blie 56 4 Jse

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
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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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Fig. 2. Geological map of Jian copper deposit (modified after Asadi et al., 2013).
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Fig. 3. A: Samples of secondary copper minerals in the Jian copper deposit leached zone (Bavanat), containing
malachite, and quartz. B: Ore-bearing quartz samples (first generation), simultaneous with non-mineralized quartz
(second generation).
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Table 1. Variation of isotopic composition in secondary copper minerals (malachite) in the Jian copper deposit.

Nr. Mineralogy 8%°Cu (SRM976)%o Depth
1 Malachite & Quartz -0.45 0-5
2 Malachite & Quartz -0.15 10
3 Malachite & Quartz +0.19 25
4 Malachite & Quartz +0.49 35

Asadi et ) oLz e LS 10 (B 5 A £5) 5,155 slods, (g ) Gasen 5 (5155 Wi50d) (5emST (9] S 5 i 2 Jgir
(Matsuhisa et al., 1979) 1000Inagyartz-fiuia= 3.34(106/T2)-3.31 aoles 1A g5 55,155 slaaiges g1y Jlow 3"%0 ,slis.(al., 2013
el 0 awle (Zhang et al., 1989) 1000INaquarz-uic=3.306(106/T2)-2.71 aslas 5l oolizwl LB g45 55,155 sladiges 51y 5

(Anderson et al., 2004) w105 memeas 4 5L SIS Lsle o O og Ll JJods g sladiges
Table 2. The 5'®0 (quartz samples) and 8D (biotite mineral) values from different quartz veins (A and B type) at the
Jian deposit (Asadi et al., 2013). The 80 fluid values for quartz samples vein-type A were calculated using the
equation: 1000In,quarz-fivie= 3.34(106/T2)-3.31 (Matsuhisa et al., 1979) and for quartz samples vein-type B were

calculated using the equation: 1000In,quartz-fuia=3.306(106/T2)-2.71 (Zhang et al., 1989). Biotite samples need not to be
corrected due to water in the mineral structure (Anderson et al., 2004).

amplepe [ Ly monat e MO
vein-type A +15.8 +89 6.9 -33.1 312
vein-type A +15.9 +7.6 8.3 -41.2 275
vein-type A +18.4 +10.7 7.7 -385 290
vein-type B +17.9 +51 12.8 -53.9 188

vein-type B +16.6 +4.7 11.9 -52.3 202
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etal., 2012). A: oxidation of Cu (1) to Cu (1) at the surface mineral, B: liberation of copper into solution and depletion
from surface areas.
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Fig 1. Map of the water drainage basins of the study area along with locations of the sampling stations
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Table 1. Percentage of the minerals and rock fragments in the Oman Sea samples (measured based on Folk, 1974;
Pettijohn et al., 1981)

Sl SZ SA SS S6 S7 SB SQ SlO Sll SlZ Sl3 SlA S15 S16
Quartz 2 15 20 30 30 50 5 20 4 20 15 4 15 10 25
Feldspar 1 2 7 5 5 5 <1 10 <1 10 5 2 5 4 3
Biotite 0 5 10 4 8 5 3 0 2 4 5 2 10 8 12
Muscovite 0 3 <1 0 1 3 0 0 <1 <1 <1 1 <1 <1 4
Amphibole 0 5 4 <1 0 0 0 <1 <1 0 0 <1 0 0 0.25
Pyroxene 0 1 0 0 0 025 O 0 025 025 025 02 0.25 1 0.25
Chlorite <l <1 3 5 2 <1 1 2 <1 2 1 2 <1 2 3
Epidote 0 5 0 0 <1 0 <1 0 0 0 <1 0 0 <1 0
Glauconite 0 10 02 0 02 025 0 025 0 0.25 0 0 0 0 0.25
O.HM <1 1 1 <1 1 1 <1 <« <1 1 1 <1 <1 <1 <1
Granite 4 25 10 5 10 5 2 15 2 5 10 5 5 3 5
V.R.F 1 5 5 <1 5 1 <1 2 1 15 6 5 10 6 10
M.R.F. <1 <1 0 <1 <1 <1 <1 <« <1 2 5 2 5 10 5
N.C.R.F <l <1 <1 0 <1 <1 <1 <« <1 0 1 <1 4 5 2
C.RF 90 20 40 50 40 30 89 50 89 40 50 75 45 50 30
0O.H.M: Opaque Heavy Minerals
V.R.F: Volcanic Rock Fragments
M.R.F: Metamorphic Rock Fragments
N.C.R.F: Non-Carbonate Rock Fragments
C.R.F: Carbonate Rock Fragments
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g. 3. Distribution of A: the Zn concentration, B: the Cu concentration from west to east of the Oman Sea
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Table 2. Concentrations of the heavy metals in the sand sediment samples of the Oman Sea in ppm

Sampling

Station Cd Cu Zn Sr Mn Fe
S; 1.820 9.762  11.893 576.173 356.308 25383.86
S, 0.490 13.261 37.76  70.584 535436 33626.94
Ss 0.157 10.928 20.96 80.746  430.296 27582.04
Ss 1.488 8.595 17.76 93450 453.660 21364.42
Ss 1.488  10.345 23.093 111.234 441.978 23782.38
S; 0.822 11511 2896  83.287 515965 26718.48
Sg 2.818  10.928 34.293 278.917 227.803 135924
Se 2.486 8.012 0.426 273.836 410.825 18946.46
S0 2.153 7.428  10.826 304.324 391.355 11001.73
St 1.155 7.428  40.426 118.856 313.473 14801.38
S 0.822 8.012 25.76  90.905 332,943 18946.46
Si3 1.488 11511 66.293 223.023 220.015 14110.54
Sia 1.488 8.012 63.626 156.966 270.638 17910.19
Sis 1.820 9.762  63.093 184913 325414 26027.63
Si6 0.822  14.428 105.76 70.584  406.931 32763.39
Average 1.43 9.99 36.73  181.18 37553 21770.55

olos slyo Sligw, (ol slaSiw 005 5 LS L i D3l (Soon al,2 3 Yoo

Table 3. Correlation coefficients of the heavy metals with carbonate rock fragments and minerals of sediments of the

Oman Sea
Heavy Zn Cu Cu Sr Cd Fe Mn
Metal
Mineral ~ Biotite Muscovite Biotitt CRF CRF HM HM
Pearson
Coefficient 0.62 0.76 0.79 0.82 074 072 053

H.M: Heavy Minerals
C.R.F: Carbonate Rock Fragments

Sz slessls 3585 alewga JUsS (5 560 lie 4 (Fg0
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Al 4 rizman g Laan¥ i 4 s wiile ledlS
S Sls Jolie QLS sl 5 (slaad,g 51 JUsS (s s
Ny s 35 sloaily 5o LagysailS ol g o
stelive Jlows &g, 5l paie ol .(Madejova et al., 1999)

2 el Oygea b g Lol yaie K4 4 e rizren
55 ) S ey Sl Aoz 51 Ll 51 (S 5L
Sk jema aly e Ko g (o9 g (g
J—Js (Wilson, 1989; Krauskopf and Bird, 1995)
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Fig. 4. Correlation of A: the Zn concentration, B: the Cu concentration with the biotite percentage from west to east of

the Oman Sea
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Biotite and muscovite could mainly originate
from the granodiorite, granite, ophiolite-melange
gabbro and the Eocene flysches of northeast of the
region.

The main provenance of Zn could be
granodiorites and gabbros existing in the
Iranshahr ophiolites and flysches. According to
close relationship between Cu and muscovite,
provenance of this element can be granites,
pegmatites and schists existing in the ophiolites
and flysches of the region. Therefore, Zn and Cu
are mostly transported to the Oman Sea and Guatr
Bay via Bahookalat River.

Provenance of Sr and Cd are mainly the Fanuch
and Chabahar carbonate formations. According to
the enrichment factor (Sutherland, 2000) of the
studied elements, the sediments are extra-highly
to very highly enriched in Cd. The enrichment of
Sr changes from medium to very high. Zn shows
low to medium enrichment and the sediments are
depleted in Fe, Cu and Mn.
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Introduction

Mineral composition of source rock is one of the
most important factors for concentration and
distribution of heavy metals in sediments.
Therefore, study on distribution of these elements
and the related minerals in sediments provides
information about natural origin of elements.
Moreover, the interpretation of origin and
distribution of sandy sediments is considerably
enhanced by mineralogical and geochemical
studies of these sediments.

The main objective of this research is to evaluate
distribution of Zn, Cu, Sr, Cd, Fe and Mn in sand
sediments of the Oman Sea, their relationship
with mineral composition of the sediments and
also determining their provenance.

Materials and Methods

Sampling of surface sediments of the Oman Sea
was performed in 16 sampling stations. Heavy
minerals and rock fragments of the sediments in
fine and coarse sand sizes respectively were
qualitatively and quantitatively studied by
polarizing microscope (Folk, 1974; Pettijohn et
al., 1981; Tucker, 1988). Concentration of the
heavy metals were also analyzed by AAS method
(Mico et al., 2008).

Result

Mineralogical ~composition of the studied
sediments contain quartz, feldspars and heavy
minerals in their order of abundances. The rock
fragments consist of sedimentary, igneous and
metamorphic in their order of frequencies as well.
The concentrations of the studied heavy metals (in
ppm) in the sediments are Cd (1.42), Cu (9.99),

*Corresponding authors Email: hpakzad@sci.ui.ac.ir

Zn (36.72), Sr (181.18), Mn (377.33) and Fe
(20247.55) in their order of abundances.
Distribution of the Zn concentration generally
shows decreasing trend from west of the study
area to the Guatr Bay. The concentrations of Zn
and Cu show close relationship with the
frequencies of biotite and muscovite. The Cu
concentration also shows positive correlation with
the Zn and Fe concentrations. Distribution of the
Sr and Cd concentrations is similar to variation of
the calcium carbonate content. The Cd and Sr
concentrations also show positive correlation with
each other and the calcium carbonate content of
the sediments.

A close relationship is also observed between the
concentrations of Fe and Mn elements and the
total amount of heavy minerals. Among the heavy
minerals existing in the samples, biotite has the
closest relationship with Fe and Mn. Among the
rock fragments existing in the sediments, the
amount of granitic rock fragments also has a very
similar trend to variation of these two elements
especially Fe.

Discussion

According to presence of Fe and Mn in structure
of many heavy minerals such as biotite (Mange
and Wright, 2007; Bradl, 2005), their main
provenance can be biotite-bearing granites of
Ghalaman complex, granodiorites existing in the
ophiolite-melanges and the gabbros located in
north of the Fanuch area mostly transported to the
Oman Sea via the Rabech and Bahookalat water
drainage basins.

The clastic carbonate grains were mostly
transported to the Oman Sea by Rabech and
Sergan-Mochgar watersheds to the Oman Sea.
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41.2%o (avg. -37.6%o0) for type A and -52.3 to -
54.9%o (avg. -53.1%o) for type B veins.

Discussion

Based on mineralization style and structures, Th,
salinity and composition of fluid inclusions, stable
isotope systematics, timing of the mineralization
with respect to deformation and metamorphism,
host rocks, ore and gangue minerals, the Jian
deposit can be classified either as a
metamorphogenic or mesothermal Cu-bearing
quartz deposit. Precipitation of secondary Cu’-
sulfide minerals from the Cu" complexes present
in this fluid would result in sulfide minerals with
low copper isotopic variations (-0.45 to +0.49%o)
in the Jian copper deposit. This could explain why
a low variation in the isotopic composition of Cu
is observed in a horizontal plane. Isotopically,
mineralization is most probably the result of
varied isotopic fractionation processes including
low copper leaching, Cu" to Cu®*" oxidation-
reduction reactions, and fluid-mineral
fractionations. Oxygen and hydrogen isotope
compositions suggest that the main metallization
occurred from a metamorphic dehydration in type
A veins. These sulfide-bearing quartz veins are
interpreted as a small-scale example of
redistribution of mineral deposits by metamorphic
fluids. This study suggests that mineralization at
Jian is interpreted as metamorphogenic in style,
probably related to a deep-seated mesothermal
system.
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Introduction

One of the first principles in the formation of a
reserve is mineralogical, construction and mineral
textures studies and investigation of paragenetic
relations in the ore minerals. In addition, to
petrographic studies, isotopic investigates have
wide applications in economic geology. In
general, copper isotope variability in primary
(high temperature) mineralization forms a tight
cluster, in contrast to secondary mineralization,
which has a much larger isotope range. A distinct
pattern of heavier copper isotope signatures is
evident in supergene samples, and a lighter
signature characterizes the leached cap and
oxidation-zone minerals. This relationship has
been used to understand oxidation—reduction
processes (Hoefs, 2009). Also for a better
understanding of the origin of the Jian Cu deposit,
this research focuses on the origin and
composition of the fluid and elucidation of its
evolution during the mineralization process. In
order to achieve this end, field observations, vein
petrography, microthermometry  of  fluid
inclusions and stable isotope analyses of veins and
minerals were investigated. The present study also
compares high and low temperature sulfide
samples in an attempt to document and explain
diagnostic 3Cu ranges in minerals from the Jian
deposit.

Materials and methods

The samples were taken from different depths to
measure Cu isotope variations within each
reservoir.  Mineralogical ~ composition  was
determined using X-ray diffractometry. In
addition, chromatographic separation was carried

*Corresponding authors Email: moore@susc.ac.ir

out on all samples (except for native Cu samples)
in a clean lab and was conducted as outlined in
Mathur et al. (Mathur et al., 2009). These samples
were measured into a Multicollector Inductively-
Coupled-Plasma Mass  Spectrometer (MC-
ICPMS, the Micro mass Isoprobe at the
University of Arizona) in low resolution mode
using a microconcentric nebulizer to increase
sensitivity for the samples with  lower
concentrations of copper. Preparation and analysis
of quartz for oxygen isotopes was performed
using the standard techniques detailed by Clayton
and Mayeda (Clayton and Mayeda, 1963). Fluid
inclusions were extracted for dD measurement
from quartz samples selected as far as possible to
avoid late inclusions. The methods were standard
and similar to those published in Fallick et al.
(Fallick et al., 1987). Stable isotope analysis for
oxygen and hydrogen isotopes was undertaken at
the isotope geochemistry laboratory, University of
Queensland.

Results

8%Cu values for analyzed samples range from -
0.45 to +0.49 %o in the secondary copper minerals
(malachite). The 8'0 values for analyzed quartz
samples, collected from different quartz veins of
the Jian deposit, fall in a narrow range varying
from +15.8 to +18.4%0 (avg. +16.7%o) for type A
veins and +16.6 to +17.9%0 (avg. +17.2%o.) for
type B veins. The 50 values of the fluids
calculated from the Jian quartz samples range
from +7.6 to +10.7%0 (avg. +9.1 %o) for type A
veins and +4.7 to +5.1%o (avg. +4.9 %o) for type
B veins. The 8D values of the fluid inclusions
hosted by quartz samples range from -33.1 to -
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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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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,.n) 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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chalcopyrite. Goethite is a supergene mineral.
Quartz and chlorite are present in the gangue
minerals that represent vein-veinlet, vug infill,
colloform, cockade and crustiform textures.

The Mesgar volcanic host rocks are characterized
by LILE and LREE enrichment coupled with
HFSE depletion. They have positive U, Th and Pb
and negative Ba, Nb, P and Ti anomalies. Our
geochemical data indicate a calc-alkaline affinity
for the volcanic rocks (Kuster and Harms, 1998;
Ulmer, 2001), and suggest that they originated
from mantle melts contaminated by the crustal
materials (Chappell and White, 1974; Miyashiro,
1977; Harris et al., 1986). The ore zones show
lower concentrations of REE, except Ce, relative
to fresh volcanic host rocks. LREE are more
depleted than HREE. These signatures indicate
high rock-fluid interaction in Mesgar.

Comparison of the geological, mineralogical,
geochemical, textural and structural
characteristics of the Mesgar occurrence with
different types of iron deposits reveals that iron
mineralization at Mesgar is originally formed as
volcano-sedimentary, and then reconcentrated as
vein mineralization by hydrothermal fluids
(Barker, 1995; Marschik and Fontbote, 2001,
Shahidi et al., 2012).
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Introduction

Mesgar iron occurrence is located in northwestern
part of the Central Iran, 115 km south of Zanjan.
Although there is a sequence of volcanic-
pyroclastic ~ rocks  accompanied by iron
mineralization, no detailed works had been
conducted in the area. The present paper provides
an overview of the geological framework, the
mineralization characteristics, and the results of
geochemical study of the Mesgar iron occurrence
with an application to the ore genesis.
Identification of these characteristics can be used
as a model for exploration of this type of iron
mineralization in the Central Iran and elsewhere.

Materials and methods

Detailed field work has been carried out at
different scales in the Mesgar area. About 16
polished thin and thin sections from host rocks
and mineralized and altered zones were studied by
conventional  petrographic and  mineralogic
methods at the Department of Geology,
University of Zanjan. In addition, a total of 3
samples from least-altered volcanic host rocks and
2 samples from ore zones from the Mesgar
occurrence were analyzed by ICP-MS and ICP-
OES for whole-rock major and trace elements and
REE compositions at the Zarazma Laboratories,
Tehran, Iran.

Results and Discussion

Based on field observation, rock units exposed in
the Mesgar area consist of Miocene sedimentary
rocks and volcanic-pyroclastic units (Radfar et al.,
2005). The pyroclastic units consist of volcanic
breccia and agglomerate. They lie concordantly
on the Miocene sedimentary units, and are in turn
concordantly overlain by andesitic basalt lavas.

*Corresponding authors Email: kouhestani@znu.ac.ir

The lavas show porphyritic texture consisting of
plagioclase (up to 3 mm in size) and pyroxene
phenocrysts set in a fine-grained to glassy
groundmass. Seriate, cumulophyric,
glomeroporphyritic and trachytic textures are also
observed.

Iron mineralization occurs as wvein and lens-
shaped bodies within and along the contacts of
pyroclastic (footwall) and andesitic basalt lavas
(hanging wall). The veins reach up to 150 m in
length and average 1.5 m in width, reaching a
maximum of 3 m. Two stages of mineralization
identified at Mesgar. Stage-1 mineralization
formed before the hydrothermal brecciation
events. This stage is characterized by
disseminated  fine-grained  hematite in  the
andesitic basalt lavas. Clasts of stage-1
mineralization have been recognized in the
hydrothermal breccias of stage-2. Stage-2 is
represented by quartz, hematite and chlorite veins
and breccias cement. This stage contains abundant
hematite, together with minor magnetite and
chalcopyrite.

The hydrothermal alteration assemblages at
Mesgar grade from proximal quartz and chlorite
to distal sericite and chlorite-calcite. The quartz
and chlorite alteration types are spatially and
temporally  closely  associated  with  iron
mineralization. The sericite and chlorite-calcite
alterations mark the outer limit of the
hydrothermal  system.  Supergene alteration
(kaolinite) is commonly focused along joints and
fractures.

The ore minerals at Mesgar formed as vein and
hydrothermal breccia cements, and show vein-
veinlet, massive, Dbrecciated, clastic and
disseminated textures. Hematite is the main ore
which is accompanied by minor magnetite and



Journal of Economic Geology

Homam

12

anomaly for Nb and Zr. Gabbros from southeast
of Fariman have an island arc tholeiite nature and
based on trace element diagrams, they formed as a
result of 3 to 10% partial melting of a garnet
Iherzolite source.

The mineralogy, texture and geochemistry of the
studied rocks show striking similarities with
gabbroic rocks of subduction zone developed in
supra subduction zone of arc-marginal basin
setting.
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Introduction

Hornblende-bearing gabbroic rocks are quite
common in subduction-related magmatic suites
and  considered to  represent  magmatic
differentiation process in arc magmas (Heliker,
1995; Hickey-Vargas et al., 1995; Mandal and
Ray, 2012). The presence of hornblende as an
important mineral phase in gabbroic rocks of
subduction zone has been considered either as an
early crystallizing mineral from water-bearing
mafic magmas (Beard and Borgia 1989; Mandal
and Ray, 2012) or as a product of reaction of early
crystallized minerals (olivine, pyroxene and
plagioclase) and water-rich evolved melt/aqueous
fluid (Costa et al., 2002; Mandal and Ray, 2012).
The careful study of petrology and geochemistry
of hornblende-bearing gabbroic rocks from
Chahak area, of Neoproterozoic age, can provide
important information about their petrogenesis.
Because of the special characteristics of Chahak
hornblende gabbros according to their age and
their situation in the main structural units of Iran,
their study can present critical keys for the
knowledge of geological history of Iran specially
central Iran zone.

Material and Methods

This study carried out in two parts including field
and laboratory works. Sampling and structural
studies were carried out during field work.
Geological map for the study area was also
prepared. 65 thin and polished thin sections for
petrographical purpose were studied. Major
oxides, rare earth elements and trace elements
were analyzed for 4 samples (92P-1, 92P-3,
Bland B6) from hornblende gabbros on the basis
of 4AB1 method using ICP-MS of ACME
Laboratory from Canada. In addition, major
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oxides of three hornblende gabbro samples (89P-
62, 89P-59 and 89P-46) were used from
Partovifar (Partovifar, 2012).

Results and discussion

Fariman metamorphic terrains, of Proterozoic age,
consist of metamorphosed sedimentary and
igneous  (plutonic  and  volcanic)  rocks.
Hornblende gabbros of the study area include
plagioclase, hornblende, biotite pyroxene and
olivine as major minerals and apatite, ilmenite and
magnetite as minor minerals. In many examples,
hornblende and biotite can be seen as corona
textures around plagioclase, pyroxene and olivine,
while plagioclase, pyroxene and olivine show
obviously corrosion features. This can be
considered to be formed by the reaction of early
formed crystals with aqueous fluid/evolved melt.
In some cases, amphiboles show rhythmic
overgrowths. The rhythmic amphibole
overgrowths represent deep-seated crystallization
in a volatile-rich magma under conditions of high
but varying gas pressure. In the study area, the
most dominant texture of the hornblende gabbros
is hypidiomorphic granular, but intergranular and
porphyric textures are common too.

Based on geochemical data from major and minor
elements, studied rocks belong to tholeiite series
with meta—aluminous nature. The geochemical
behavior of main elements of the studied rocks
reveals the normal trend of differentiation in their
magma. Chondrite-normalized REE diagram of
hornblende gabbros indicates an obvious
enrichment of LREE in compare with HREE.
MORB-normalized spider diagrams indicate
variable enrichment in LILE and depletion in high
field strength elements (HFSE). Primitive mantle-
normalized spider diagram show negative
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The mean of initial ®Sr/*°Sr and '*Nd/“‘Nd are
0.705-0.707 and 0.5135-0.5126 for I-type series,
respectively. engy amounts for I-type series are in
negative to positive limit ranges (-1.65 to 1.33).
These amounts show subduction source with
contamination to continental crust.

Two type alteration and mineralization occur in
Kashmar: 1) primary alterations (advanced argillic+
sericite+ silicification) which are synchronous with
sulfide base-metal veins (chalcopyrite+ pyritex
galenat quartzt chloride) and 2) Lateral alterations
(carbonatization+ Fe-oxides+ silicification+
epidotization+ chloride+ sericite+ barite) which are
synchronous with 10CG wveins (specularite+
chalcopyrite+ pyritex galenat sphaleritex baritet
siderite + etc.). Primary centralized and sulfide base-
metal veins in crosscutting points between Dorouneh
fault and minor faults. Bahariyeh, Uchpalang and
Sarsefidal areas are located in these crosscutting
points. Tourmaline (demorterite) +chloride fill the
fractures in the intrusive rocks of southern part of
area next to the Dorouneh fault occasionally. Lateral
alteration synchronous with 10CG veins occur in
Kamarmard area. Geochemical data of all veins
show Cu, Pb, Zn anomalies (>1%) in two type veins,
Au anomalies (to about 15 ppm) only in I0CG
veins, Mn anomalies in two type veins and Ba
anomalies in IOCG veins.

Alteration and mineralization in the world-class
IOCG deposits identified by sodic-calcic and
potassic (hydrothermal actinolite and biotite) and
magnetitex gold in deep parts (Sillitoe, 2003) and
advanced argillict+ pyrite+ sericite+ toulrmaline
(demorterite) in shallow parts (Ray and Dick, 2002).
Generally, alteration in the study area is similar to
shallow parts of world-class 10CG deposits.
Tanourjeh is a IOCG deposit next to the northwest
of the study area. In Tanourjeh, the gold-bearing
magnetite is synchronous to potassic alteration
(hydrothermal biotite) and other alterations are
advanced argillic, silicification and sericite. These
characteristics are similar to deep parts of world-
class I0CG deposits. Bahariyeh, Uchpalang and
Sarsefidal have similarities to alterations in
Tanourjeh. Considering Tanourjeh lie in the lower
level rather to Bahariyeh, Uchpalang and Sarsefidal,
we believe they erosion surface in Tanourjeh is
lower. Kamarmard lies in the highest erosion surface
in the study area. Alterations and Mineralization as
similar to Kuh e Zar I10CG deposit
(specularite+chalcopyrite+gold) which is next to the

Kamarmard area in Northeast of study area. In
Bahariyeh-Uchpalang areas we can see only one
IOCG vein but in Sarsefidal area exist several IOCG
vein. Because of current surface in Bahariyeh-
Uchpalang areas is lower than Sarsefidal current
surface in Sarsefidal is lower than Kamarmard, we
believe that 1I0CG vein in Bahariyeh-Uchpalang
area have been eroded. We Believe to two
circulation of oxidized Fe-bearing hydrothermal
fluid in Kashmar. During the first circulation,
Potassic alteration and gold-bearing magnetite
bodies in depth and primary alterations with sulfide
base-metal veins was formed. At the second
circulation, lateral alterations and I0OCG veins was
formed at the near of paleo-surface.
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Introduction

The study area is located in central part of the Khaf-
Kashmar-Bardeskan belt which is volcano-plutonic
belt at the north of the Dorouneh fault in the north of
Lut block. The north of the Lut block is affected by
tectonic rotation and subduction processes which
occur in the east of Iran (Tirrul et al., 1983). The
magmatism of Lut block begins in Jurassic and
continues in Tertiary (Aghanabati, 1995). Karimpour
(Karimpour, 2006) pointed out the Khaf-Kashmar-
Bardeskan belt has significant potential for I0CG
type mineralization such as Kuh-e-Zar, Tannurjeh,
and Sangan (Karimpour, 2006; Mazloumi, 2009).
The data gathered on the I-type intrusive rocks
include their field geology, petrography, U-Pb
zircon dating and Sr—Nd isotope and also alteration
and mineralization in the study area.

Materials and methods

- Preparation of 150 thin sections of rock samples
for study of petrography and alteration of the
intrusive rocks.

- Magnetic susceptibility measuring of intrusive
rocks.

- U-PDb dating in zircon of I-type intrusive rocks by
Laser-Ablation Multi Collector ICP-MS method.

- Sr-Nd analysis on 5 samples of I-type intrusive
rocks by Multi-Collector Thermal lonization Mass
Spectrometer (TIMS) VG Sector 54 instrument.

- Mineralography and paragenetic studies of ore-
bearing quartz veins and geochemical analysis for 28
samples.

- Production of the geology, alteration
mineralization maps by scale: 1:20000 in GIS.

and

Results
Oblique subduction in southern America initiated an
arc-parallel fault and shear zones in the back of
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continental magmatic arc (Sillitoe, 2003). Because
of this event, pull-apart basins were formed and
high-K to shoshonitic calc-alkalinel- and A-type
magmatism occur (Sillitoe, 2003). Most important
deposits accompany with this magmatism are Au-Cu
deposits types and Fe-Skarns (Sillitoe, 2003). We
have similar scenario to Neotethys subduction.
Khaf-Kashmar-Bardeskan volcano-plutonic belt is
located between Neotethys suture and Alborz-
Sabzevar Back- arc (Asiabanha and Foden, 2012).
We suggest Khaf-Kashmar-Bardeskan volcano-
plutonic belt forms at the arc-parallel fault and shear
zones in the back of continental magmatic arc. In the
basis of all evidences (Shear zone system, high-K to
shoshonitic calc-alkaline I- and A-type magmatism,
typical alterations related to upper zones of 10CG
deposits and 10CG mineralization), we suggest
I0CG (Au-Cu) mineralization in Kashmar.

Discussion

On the basis of former regional (Muller and Walter,
1983) and local structural studies (this research),
regional compression causes sinistral strike-slip
movements of Dorouneh and Taknar faults, shear
zone, pull-apart and Riedel fractures (P, R and R’
types) in the study area. These events cause magma
intrusion and circulation of hydrothermal fluids. On
the basis of geology, geochemistry and magnetic
susceptibility measuring of intrusive rocks, several
high K to shoshonitic calc-alkaline to alkaline I-type
and one A-type intrusive rocks are intruded in
Kashmar area. Swarm dykes are the youngest and
the agent for alteration and mineralization. U-Pb
dating related to quartz monzonite  body
(preventative sample for I-type intrusive rocks
which are older than A-type series) show 40 Ma
(Middle Eocene) for this rock group in Kashmar.
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also includes Al, A2 and A3 alternatives; as pink,
green and white calcite respectively.

The weighted normalized decision matrix can be
calculated by multiplying the normalized
evaluation matrix with its associated weight to
obtain the result. The result show that Eu
anomaly, volume, Sr abundant and Ce anomaly in
order have higher role to investigate the
geochemical study of area. Calculation of the
relative closeness to the ideal solution (CI *) for
pink, green and white calcites are 0.837, 0.445
and 0.157 respectively. It can be deduced that the
most preferable calcite to be sampled for
investigating geochemically are pink and green
calcites.
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Introduction

Several valuable calcite deposits are located in
Ghare-Gheshlagh, south basin of Urmia Lake,
NW Iran. Ghare-Gheshlagh area is situated in the
northern part of tectono-sedimentary unit, forming
NW part of Tertiary Sanandaj-Sirjan geological
belt (Stocklin and Nabavi, 1972). The
predominant rock types of the area include light
color  limestones (Qom  Formation) and
Quaternary alluviums and underlined dolomite in
depth (Eftekharnejhad, 1973). The thickness of
these units varies between 10 cm and 6 meters and
up to some hundred meters in length.

In the present study, the effect of geochemical
parameters responsible for precipitating calcite
from the carbonate aqueous fluids is interpreted
by the TOPSIS method to find the most preferable
sampling sites and geochemical data.

Materials and Methods

A total of 20 samples were taken from a NE-SW
trending profile including 15 calcites of fresh
surface outcrops (5 samples per each colored
calcite units) in order to determine the nature of
the rocks. The mineral assemblages were analyzed
by optical methods in combination with XRD
powder diffraction analysis. Major elements were
determined by X-Ray Fluorescence Spectrometry
(XRF), trace and rare earth elements were
determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) in Geological Survey of
Iran.

Results
The abundances of trace elements were
normalized to the continental crust values (Taylor

*Corresponding authors Email: manrezaei@yahoo.ca

and McLennan, 1981). The green calcite revealed
enrichment in Rb and Sr, while green and white
calcite were enriched in U. The U enrichment in
the green calcite indicates the reduction condition
of deposition. Incompatible elements such as Ba,
Th, Nb and P depleted in all calcites. Varying the
Sr/Ba value between 3.18 and 5.21% indicates the
continental deposition environment and non-
magmatic waters as well (Cheng et al., 2013). The
Sr** content of calcites varies from 123 to 427
ppm, indicates suitable condition for calcite
precipitation.

Eu anomalies for green, white and pink calcites
were varied 0.087, 0.247 and 0.997 respectively.
The low amounts of Eu anomaly for green and
white calcites attributed to low rock/fluid ratio
(Neshitt et al., 1990) and relatively more pH value
(Cheng et al., 2013), however, increasing the Eu
anomaly may be due to high rock/fluid ratio and
less pH value. Ce anomalies are 0.0241, 0.0113
and 0.0131 in pink, white and green calcites
respectively. The most negative Ce anomaly
values show that calcite have precipitated under
reduction conditions (Nesbitt et al., 1990).

Discussion

Recently, multiple attributes decision-making
techniques help scientist to solve decision-making
problems related to various controlling factors
(Zhijun et al., 2013). One of these techniques is a
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) which is a quantitative
weighted method (Momenei 2006). The identified
criteria are CaO abundant in solution (C1), Eu
anomaly (C2), Ce anomaly (C3), Sr abundant
(C4) and volume (C5). The Index-Rock matrix
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combine with silicon and oxygen, silicon into the
soil, forms silicic acid (H4SiOg4), or magnesium or
iron smectite (clay minerals) (Alexander et al.,
2007). Several types of pyroxene are more stable
than olivine. Orthopyroxene during weathering
decompose into talc and smectite. Magnesite
(MgCQ:;) is present in some serpentine soils.

With respect to the empirical relationship
(Kierczak et al., 2007) and based on temperature
and rainfall, the study area with a drought index
of 12.48 places in the category of semi-arid-cold
climate between 10 and 19.9. Temperature
changes in the condition cause weathering and
leaching of serpentine soils, and subsequently can
remove large amounts of magnesium. Weathering
and leaching  serpentine  soils, releases
immediately magnesium and its concentration in
soil decreases. As a result, the concentration of
the element in the water increases.

Results

Based on the charts and maps of iron, magnesium,
zinc and copper contaminations, it is found that
the concentrations of Fe and Mg in the north and
northwest Khoy plain are higher than the
permissible limit for drinking water. In some parts
of the sample, the concentrations of Cu and Zn are
exceeded WHO. However, based on EPA
standard, the amount of copper is less than the
limit. On the basis of three criteria: EPA, WHO
and national standards, except for the village
Ghez Ghaleh, zinc concentration is below the
standard. According to the geological map of

Khoy, the Khoy ophiolite complex containing
mafic rocks and ultramafic is a source of iron and
magnesium in groundwater.
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Introduction

Heavy metals are the most toxic pollutants in
aquatic ecosystems. This contamination can result
from the release of heavy metal elements during
alteration and weathering of ultramafic and mafic
rocks (ophiolite zones). Among the important
metals and pollutants in the ophiolite; chromium,
cobalt, nickel, iron, magnesium, manganese, zinc
and copper could be noted. Basically, a mass of
serpentine consists of serpentine, amphibole, talc,
chlorite, magnetite, and the remainder of olivine,
pyroxene and spinel (Kil et al., 2010). In such
areas, the prevailing cold climate, during the
serpentinization, chloritization and epidotiization,
the activity of the solvent, such as chloride,
fluoride, carbonates, sulfide, sulfosalt would be
able to import the elements such as magnesium
and iron, copper and zinc into the soil and
groundwater. The study area is located in
northwestern Iran. This area is located in the
northwest of the city of Khoy.

Because of the proximity to the north and
northwest Khoy plains with ophiolite rocks, the
soil of this region could possibly show the
potential of contamination with heavy metals. Due
to the toxicity and disease of unauthorized grades
of these elements in groundwater in the study
area, this study is focused on the more
contaminated groundwater of the areas.

Materials and methods

In this study, over a period of 5 days, sampling
from 42 water sources, including fountains,
aqueducts, wells, piezometers and wells in
operation, was performed. The container was
washed with acid and then rinsed 3 times with the
water sample. The pH and temperature of the

*Corresponding authors Email: a.fazlnia@urmia.ac.ir

water in the samples was measured in the field.
Then to each of the samples was taken from 2 to 5
ml of concentrated nitric acid (This causes that the
metal elements would not adsorbed or precipitated
by these particles) and pH of the samples was
measured with litmus paper to reach level 2. This
was done to ensure the consolidation of the water
samples. Analysis of samples carried out in the
chemistry laboratory of the University of Urmia.
All water sampling procedures were performed
based on standard protocols (SMEWW, 2010).
The maximum concentration of heavy metal
contamination of drinking water with EPA, WHO
and national standards were compared. In this
study, the chemical analysis of heavy metals, were
used by graphite furnace atomic absorption
spectrometry (at ppb) for the elements Cu, Mg, Fe
and Zn. Concentration of the heavy metals in
acidified water samples (pH value of 2), using a
flame atomic absorption spectrophotometer were
analyzed.

Discussion

There are enormous amounts of Fe and
magnesium in groundwater from the north and
northwest Khoy plain, and the amount of Cu and
zinc are in the normal range in water resources.
The source of iron and magnesium in the
groundwater of the study area is ultramafic and
mafic rocks of the Khoy ophiolite complex.
Weathering of ultramafic and mafic igneous rocks
such as peridotite, olivine basalt, gabbro and
pillow lava and then soil formation, high
concentrations of the elements Mg and Fe were
transferred to soil. Ferromagnesian olivine is
formed Mg®* and Fe** ions and tetrahedral silicon.
If sufficient amount of Mg® and Fe** ions
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ternary diagram, data were also plotted in
hydrothermal fields. Minor and trace elements in
the  binary  diagram  of  Ni+Co  vs.
Cu+Zn+Pb+Mo+V+As (Crerar et al., 1982) show
samples within the field for hydrothermal
deposits.

REE pattern shows positive Eu anomaly and the
Eu/Eu* ratio changes from 2 to 7, LREE/HREE
ratio varies between 2.25 and 13.78, the mean
being 6.94.

Rare earth element contents show relatively low
to moderate subtraction pattern. LREE have more
variations than HREE values that have been fixed.
Enrichment of LREE over HREE and positive Eu
anomaly, are the key indications of hydrothermal
origin for the ore deposits and low amounts of
REE are the characteristic for hydrothermal
deposits (Xu Bao et al., 2008).

As, Cu, Pb, Zn and Sb act as trace indicator
elements in reaching the hidden epithermal or
hydrothermal sulfide deposit in depth. Although
the type of mineralization in the main parts of
Sangan is skarn (Karimpour and Malekzadeh
Shafaroudi, 2006; Karimpour and Malekzadeh
Shafaroudi, 2008; Golmohammadi et al., 2015),
there is no evidence of limestone skarnification,
skarn minerals and magnetite mineralization in
the Ferezneh prospect area. Based on the listed
data and interpretations, there is no relationship
and similarity between Sangan mineralization and
Ferezneh ferromanganese anomaly. This anomaly
may be related to a younger mineralization and
might be associated with the function of supersion

fluid by leaching the sulfide hydrothermal
deposits that form in the fault zones.
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Introduction

The Ferezneh prospect area is one of the eastern
anomalies of Khaf’s Sangan iron mine. The
Sangan mines complex is located within the Khaf-
Kashmar-Bardeskan volcano-plutonic and
metallogenic belt in northeastern Iran.

The Sangan mine is the largest Fe skarn in
western Asia, having a proven reserve of over
1000 Mt iron ore @ 53% Fe (Golmohammadi et
al., 2015) and consisting of three parts; western,
central and eastern Sangan, each part including
several anomalies. In this study, Ferezneh (North
and West) prospect area which is an eastern
anomaly of the Sangan iron ore is discussed.
Ferezneh anomaly is located in 60°36'7" -
60°34'27"E and 34°30'47" - 34°29'46"N, 35 km south
of the city of Taybad, 10 km southeast of Karat
and 1.5 km southwest of Ferezneh village. The
purpose of this study was to prepare a geologic
map for separation and identification of the
intrusions, determining their relationships with
mineralization, distinguishing the type of
mineralization,  mineralogy, petrology and
geochemistry of the mineral deposits, and finally
their relationship with other major Sangan’s
deposits.

Materials and methods

In order to achieve the objectives of the study: 1-
140 thin sections of the intrusive rocks, marble
limestone and dolomite, as well as 40 polished
sections of ore were taken in an area of 9.5 km?.
Mineralogy and mineralization studies were
performed in the Economic Geology Laboratory
of Ferdowsi University of Mashhad. 2- A few

*Corresponding authors Email: shafaroudi@um.ac.ir

samples were selected for X-ray diffraction
analysis in order to ensure accuracy of
mineralogical studies and were sent to Binalood
Laboratory in Tehran. 3- In addition to major and
minor elements geochemistry study of the ores, 10
samples were sent to East Amitis Laboratory in
Mashhad for XRF analysis and also to Canada
S.G.S Laboratory for ICP-MS analysis.

Discussion and results

Mineralization in the Ferezneh prospect area was
limited to iron and manganese oxides in the form
of massive and stratabound in recrystallized
limestone that followed the structure pattern.

Iron oxides often include goethite and hematite;
while manganese oxides are pyrolusite,
psilomelane and lesser amounts of cryptomelane.
Small spots of rutile are rarely seen. The gangue
minerals are dolomite, calcite and
cryptocrystalline quartz. XRD analysis shows that
iron and manganese oxides are the only metallic
minerals.

The geochemistry of mineralization was studied
by ICP-MS and XRF analysis for major oxides,
trace elements and REE. The range of Fe anomaly
changes from 43.5 to 68% and Mn anomalies vary
between 1.9 and 4.8 %. The range of Cu varies
from 20 to 1063 ppm and the range of As differs
between 20 and 1269 ppm, no Cu and As
mineralization has been observed. Mn and Fe
oxides uptake trace elements.

In the Fe:Mn:Si ternary diagram, ten of the
analyzed samples were plotted in the
characteristic compositional field for Fe-rich
hydrothermal. In the Fe:Mn:(Co+Ni+Cu)x10
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(Nicholson, 1992) suggested Na versus Mg
content diagram for distinction between fresh
water, shallow and deep marine environments.
Bonatti et al. (Bonatti et al., 1992) introduced Fe-
Mn-(Co+Cu+Ni)*10  ternary  diagram  for
distinction between marine sedimentary and
hydrothermal Fe-Mn deposit. According to this
diagram, hydrothermal oxides depleted in Ni, Cu,
Co and zinc relative to sedimentary-marine
deposits. Nicholson (Nicholson, 1992) suggested
that hydrothermal Mn deposit distinguished with
Zn, V, Mo, Cd, Li, Sr, Sb, Pb, Cu, Ba, and As and
sedimentary deposit with enrichment in Ni, Cu,
Co, Sr, Mg, Ca, Na and K. Hydrogenetic
ferromanganese deposit has higher enrichment of
Ni, Cu and Co relative to hydrothermal
(exhalative) deposit. Low contents of Cu, Co and
Ni indicate low input of these elements from
hydrothermal activities and derivation of Zn from
hydrothermal source. As (Co/Zn)-(Co+Cu+Ni)
diagram, the samples from Shahrestanak deposit
show close similarities with hydrothermal
deposits which in turn show common genesis.
Using Pb versus Zn diagram, dubhite (deposits
derived from previous mineralized sequence) can
be distinguished from other Mn oxide
(hydrothermal or supergene) deposits. The
dubhite deposits have high Pb/Zn ratios and more
than 1 percent Pb and Zn contents. Meanwhile,
other types of deposits like shallow marine
deposit, hot springs, SEDEX, weathered deposits
have lower contents of Pb and Zn. The
Shahrestanak deposit has more similarities with
SEDEX and shallow marine deposits.

Conclusion
Geological and geochemical evidences show that
deposition of ore occurred by submarine

hydrothermal activities in Neotethys oceanic basin
during Middle to Upper Eocene in calcareous tuff
with intercalation of micrite and calcareous
limestone. For the genesis of the deposit, it can be
stated that the pillow basalt and andesite lavas
were leached by hydrothermal activities and Mn,
Fe, Si, Ba, Sr and As entered in sedimentary basin
by exhalative — volcanic activities through faults,
then by regression of the sea and forming
oxidizing condition, primary oxide-hydroxide
Mn-minerals are deposited.
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Introduction

The Shahrestanak Mn deposit is located in
southern Qom province, 12 km southwest of the
city of Kahak. Based on geological-structural
divisions of Iran, the deposit belongs to central
volcanic belt or Urumieh-Dokhtar zone. The
Venarch deposit is one the most important known
manganese deposits in Iran. The Sharestanak and
Venarch deposits are spatially and temporally
related to each other, and have similar geology,
mineral texture and structure, host rocks,
relationships  with  faults, and depositional
environment. So, their magmatism and deposition
conditions can be related to each other. Since no
systematic study on the Shahrestanak deposit had
been performed before discussing its geological
and geochemical characteristics, here it is being
attempted to study the geology, petrography,
geochemistry of major, minor and trace elements,
and Rare Earth Elements (REE) of ore, to
distinguish the depositional environments and
genesis of this deposit and to compare REE of ore
in this deposit with other deposits.

Sampling and method of study

Fourteen samples of manganese ore were selected
for geochemical study and analyzing of major,
minor, trace elements and REE by ICP-AES and
ICP-MS and were sent to SGS Co., Toronto.
Detection limits for major elements and trace
elements are 0.01% and 0.05ppm, respectively.

Result and discussion

The deposit is characterized by various lithology
and stratigraphy units, consist of: 1) Middle to -
Upper Eocene volcano-sedimentary rocks, 2)
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Oligocene lower red conglomerate and sandstone,
3) Oligo-Miocene limestone and marl (Qom
Formation), and 4) Eocene and Lower Miocene
basic to intermediate dykes. The most abundant
minerals of the deposit are braunite, hausmannite,
pyrolusite, and manganite. Evidences such as high
Mn/Fe (11.33) and Si/Al (4.86) ratios, low
contents of trace elements specially Co (11.40
ppm), Ni (24 ppm), Cu (81.85 ppm), and Ce, with
high amounts of SiO,, Mn, Fe, Ba, Zn, As and Sr,
all represent hydrothermal processes. It seems that
hydrogenous processes have not had significant
role on the genesis of the Shahrestanak Mn
deposit.

During deposition of Fe and Mn from
hydrothermal solution, they separated from each
other and produced different Fe/Mn ratios in
sedimentary exhalative deposit (SEDEX). The
Fe/Mn ratios are 5.7 to 40.35 (ave., 11.33). Very
high and very low ratios of Fe/Mn can be
interpreted as fractionation and separation of these
two elements from transportation during
hydrothermal activities and mineralization. So,
high Fe/Mn ratios here can be considered as in
submarine hydrothermal deposits. Cann et al.
(Cann et al., 1977) suggested that Fe/Mn ratios in
volcano-sedimentary and hydrothermal deposits
are so variable and characteristic. Hydrothermal
deposits are in close relationships  with
ferruginous silica gel which itself formed from
submarine  hydrothermal  outpouring  and
discharging of metals in marine sediments. So, Si
wt. % versus Al wt. % is high in exhalative
activities. The average Si/Al ratio is 4.86 in the
Shahrestanak deposit which is in the range of
hydrothermal  deposits (SEDEX). Nicholson
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