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1. Volcanogenic massive sulfide (VMS)
2. Kuroko-type
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Fig. 1. Geographic location and access routes to the Vanakan (Sokan) area, based on the road map of the country.
Abbreviations are: ZFTB: Zagros fold-thrust belt, HZB=High Zagros belt, SSZ= Sanandaj-Sirjan zone, UDMA=

Urumieh-Dokhtar Magmatic Assemblage, AMA: Alborz magmatic assemblage, EIMA: Eastern Iran magmatic
assemblage, EIB: Eatern Iran belt, CIM: Central Iranian Microcontinent, YB: Yazd block, PBB: Poshte Badam block,
TB: Tabas block, LB: Lut block; KDZ: Kopeh Dagh Zone; AZ: Alborz zone; SZ: Sabzevar zone; TSZ: Tabriz-Saveh
zone, MZ: Makran zone, MO: Mesozoic Ophiolites, PO: Paleozoic ophiolites

35 YU Gl il Sewanle 5 (SaT ¢ gle ¢ sloissT —olaamT a8 ol (olasl 5wl e Coeal ey
a\f.\_iaj\ 635 sla iags Olaw 3 adls § Js ‘)ﬂl_f;'_:fjl_“gi_,_&él_hu}_? 34299 24—

oJ.i:c‘qu\ éb\..a CJ‘i‘ L3) sz‘,_‘)ﬂ:}dbw‘ wuu.f) &u&—dﬂ)ﬁ\;—é‘;j\:‘-ﬁ‘)}{ﬁj‘;‘cﬂﬁ‘)ﬁﬁj‘;y



il e LS LS5 68N 5 a5 0 Gl S5 (ol IS (Kl (slao Lt

OF v L)Y o)led VY o

S 5 il plpl ol Caliie S sl
3L Gl )y A (61 a sad col mad 5 Ol s
~S 5 pkaie YF slind (655 1 (g 55 s S (lis SIS
o o8 ils Sl ool T 55 Jis 6905 A 5 oo
20 et 855 Gl ) 1 Ll e dplanl 55 8L
Oy o 45 505 VY 31U OLSS 5 LS Hlaasls slal
35 Sl S5 Glaiig 5 (2lHO Calises oylus Arop s
5 (6505 V) ICP-MS (cla Ss) 4 5 Sl ol liiils  adbata
50T 550 G i st )T 05,5 Law 5 (4505 V1) XRD

RCI e g I

b (o)

Olgs o 48 ol o S35 (6115 Olows Ol paTais § ailata
S il 3 5 65 e Ol Ole Lol s (glags 1 OT
SLac Il (555 50 01l (55l L gy g G Sy
iy ol o a2l 53 sty o o el kST
Gl L sy dige Sl 13y 55 (glala>De Ll ks
IS a8 Gl O ) amies Jleds lastily Jals 5550
N o B o s Sl 5 53 S pp S
A= (Aghanabati, 2004) s ,Is slicsl Olul & B Ol b,3T
S3S m ONl 5 50 Sl iy oS s 50 85 s
S aS e g e A i (e g, Ol (2l
Oy sl agy 51 A8 53,0 3 m 5 S0 gy S0 53 el
(Aghanabati, 2004) 45l 2w, 5, ag 4 S

~ 655 ) 5 slasad oy slaatls 55 Ol Olul s
E o s ol (5 5 S s bl 3 5 (S5
,o.\.‘:a.\fuww&fruw\? 4>l 534S 5,05 54
el a5 655 0 01l 5 5l Lo ST oS It 5 e
b on a5 3 6 A e slaasil 4 glaes LT oo slada
Sl Ko gt 31 (ol 45 Sl 0k jadedin O
Ao S5 Loyl 5 5 o jlesty o8 ss 51638 0 01l 55

CLas30g p Mo glle aigy 95w Zald ol s -

— b 3 30Laas T (glos 55 ) g HLuilS adan I ceul
o1 5Ll (Ghaffari, 2017) Ol aciy 4ol ool 0
o1 15458 «(Haji-Bahrami, 2012) 5 s 550!
=T s, sl «(Shahri, 2011) 55,5 55 5,8l
owawen 5 (Ghiasvand et al., 2009) olew Jbi 5,0l
Samadi and Moin-) ;5555 5 31,5 5 0 cla s
Khanehdar-) w5 gla ) » 5 (vaziri, 1998
Sl a5 U L0okcw Jlocs sl (Kolver, 2017
sl éugﬁ)\fqg_Ql}ualﬂq(ﬁ,pgw}“)cﬁ,u
j\.x_i,\?ﬂusc\);a#t,q;:fw Cyls 5 5iS Cams s
ol me s S oy 1 9500) Sl (G500 (Sbme 3l 5a
Jlet 2La8lo a7 s Lol Iy L b5 (galasl
LS § oo il 5 oo OS5 HLlS WSl (65550 0!
Coldal 51,0l oy al 4S5 48 s 3 (iS (gl slasS]
Tl 53 (O ) OS5 sl e sl 25 ol oo
WYA s 51l 5 mis SSTLS Odme &K1 &) 5oty
aalsl 3Ly oy st OT ColaaSTl g os ST 5T 1) 5 5 CIlad
CI,&;:..»\; bl 5 (gola 1 s LS cpl 5 ol ails
Colg yo 5 adlaslsl Sune Gacdled Gl o) sot Sy b
4_’&?4_,;@.» 04SU . bladlb s glos &5 .\:.d_,.ﬂda;um
23 el akiplonl OS5 HLlS 5s (glojre (g li> 5 SLaST]
(Sl S5 (it GLS KlS glaojlusty ¢ a5 o)
o S5 S LS S5 658 5 a5
5 aald 5550 53 cpoman 3,8 oa Hl 3 s p 3550 OG
Ol sl 5 Olgr 43 alin sl lils L OSs HLslS” slacs s

ol o.\.ﬁ:C,’g

Sl o)
a:jul_>u 9 6‘4.::—[; wu‘ﬂ_ﬂj ‘&‘N ‘5\.&@)}' |.J_:;‘
o 3 w5 slaag alS Gla sl Lasis (Sl
wilate 55 Kl gl lid S5 sl 5 B Ll



obabl bl )

Qb&ﬂ}?c}éﬂﬁ vy

WSl 55 Cn 53 5 eKimanle ¢ s ladoly Jols by
¢l (55 IS il S Syl ST 5 Kwauls
o s IS (Gladiol g 5 s gl g - SLiiST slad
S Dby Lo g S s o goe S O5le 5 ST

s (Alavi-Naini, 1997) dled_b ol b5 (g5 515 S

slad>|,4 (Alavi-Naini, 1997) O AR
5 els e 5 s 5l s, 5 23T slaojlaS

JS8) dzn 2 S WSl 5 e 0n o 558 0 0talie 2
Y

3PS, T

5

SEIENE

SLas305, 5 655 Ol Slaci b adlate 3 6355404
el 4 b Jleas 55 &8 &SKulyn5 5 b 5 o390 (S 5555
Sl 5l glre s ST s Ql_ﬁj('.h Lghéi;_w L osgd g0 0dss
e ool s 2 el 2 (Alavi-Naini, 1997)
Ly s1ls S 03 g sl S el LSSy Gitne
ST s B JK2) Sl g s B AL
40 4T el o S 1 o 3 5kn 4l g5
s oSG s 5 e SleaisT sl LY
SLEET sl g ot Lol o o s b b s (248
PERER piS S gladdoly ol 0 LS5 (ol 03

*
.
.
+

e ey

4 ena

._ .- IN“! ‘30"s

Cenozoic L e g e n

; | Qt2: Young alluvial fan deposits ] 725 Kasc: Sand and red conglomerate 0 005 0.1 02 03 04

B Y Qu: Older alluvial fan deposits Z +4 - Kilometers

E | § 2 Qpl: Conglomerate, sandstone and clay £ km: Marl and shale

z| % + 1
1B8l2 < Congl I ) )

H ¥ “T UPPER RED FORMATION. = Jd: DALICHAY FORMATION- limestone, marly limestone,

F M; ‘R RE M. N- = s

g1 EF o marl and sandst z ammeonite-bearing SYMBOLOGY
B2 E- cl: Light-red, brown sandstone, mudstone H J5: SHEMSHAK FORMATION- sandstone, . e Minior fault
| 3 2 7 IR shale, thin limestone deposit 2

Em: Marl, marlstone, light grey, limestone and tuff™ —?i;in"luga?ll :
= Railway [ ault

< Ek: KARAJ FORMATION- tuff, dacite and black shalg - Dp: PADEHA FORMATION-sandstone sndshale gy oorogq ~ ThStfault

z | . sh: Black shale, partly calcarcous : '

-

g £ Ev: Volcanic rocks

B sh : Shale and volcanic INTRUSIVE ROCKS

=

- a + Andesite with few volcanic ! M ’1 ad: Intermediate-acide, adamalite (post-Eocene)

i Eﬁ & PE: FAJAN FORMATION- red grey conglomerate

AR KRR }QL’..«.»:\ZYQ"" Mwb‘jd.]a.ﬁm.\ﬁe.\lmswuws)M):A.b_’;fdujhgﬁu)(ugy)u&))ulf@}n.ru&:)

(Aghanabati, 2004; Alavi-Naini, 1997 ) _3b e 5 SWET ;I plx

Fig. 2. Location of the Vanakan (Sokan) and the other related deposits in the simplified geological map of the area.
Based on geological maps of Semnan (scale 1:250000) and Jam (scale 1:100000), from Aghanabati, Alavi Naeini

(Aghanabati, 2004; Alavi-Naini, 1997).
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Fig. 3. A: The major rock units of the host sequence and the local anticlines and synclines in the Vanakan (Sokan) area,
and B: Extension of the ore horizons (OH-1, OH-2 and OH-3) in the area. The Vanakan 1 and 2 locates in the northwest

and southeast limbs of a syncline, respectively.
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Fig. 7. Massive sulfide facies in the Vanakan deposit, A: general view of the massive sulfide facies in operation, B:
hand specimen of massive ore, mainly containing sphalerite, galena, pyrite, chalcopyrite and barite, C: Microscopic
image of intergrowth of sphalerite, galena, pyrite and chalcopyrite. Covellite replaced chalcopyrite due to weathering,
D: Microscopic image of barite minerals in two forms, the fine grains in the background and the coarse grains as
disseminations within the ore, and E: inclusions of chalcopyrite within sphalerite. Abbreviations after Whitney and
Evans (2010) (Sp: sphaletite, Gn: galena, Ccp: chalcopyrite, Brt: barite, Py: pyrite, Cv: covellite).
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Fig. 8. Layered-banded sulfide facies in the Vanakan deposit A: Hand specimen involving alternations of the sericite
altered host rock bands (white) and sulfide-rich bands (black), B: The sulfide-rich bands in the microscopic image
mostly include sphalerite and a minor chalcopyrite and galena, C: Barite-rich band (white) containing sulfide minerals
(black), and D: disseminated pyrite and galena in layered-banded ore facies. Abbreviations after Whitney and Evans
(2010) (Sp: sphaletite, Gn: galena, Ccp: chalcopyrite, Brt: barite, Py: pyrite).

s g odaline OT 55 J3dseze Hlistlo o s (sl Sl Cuylb Kl oyl

S35 il e oy oty ol SRl s

SO0 2 — (29w Sl oyl sD A9 Jﬁ_f.,) 2,515 )l 8 (glos 5 Al g 0 )l

Sl S (55 5 LSSl e o VL s s ) 503 Gl SKlS s  (sta $ls Jlw 355 oS 0L
ol y ol 5 il Jeb 5 o5 0T Ol K 5 3003 13 ssbas oslasty ol Cmal (Glos 55 A g KilS” S5

SgL-w‘o.?aL)uUQ)‘,..qu-lj)b&)b.&dlso)w)‘{
Jole b sV b glize S on 53 ST sba
03338 (Sl g (slaeiaY 5 Ol e Ko sl Y 5 K530

ffﬁdﬁ)duw)bgaﬁwg;i)bﬂow
—4SC) ol Gl g a3 by ol gl aad

AT SbAnS g u 5 ST (Gl S ol e 4 o I 92 30 S8 ek 0l LS 6 (G5B
e 9 9 s b e >0

o o AL ekas0lis s ol (F 5 E A JS) cl
Lo owe 0 el T ool o S o PSSy Hlsls

bl it ol s sl oL Keuils s 4 dd s
OBl Jl Sdeas ol ol tblods  F5len Hles baitd) o



©3lal wlid ) O 5 e f (S f

9 Olva Slow Oy gow “\"Llu" u..”..&\f (glos s Sels” CJ:':’-:“"“}LLJ";‘SJJ LA@\SMU}&)‘K;’)MJ
0ds S5 Ol s (B35 Jod 5 a5 gtua Y b g pes ) IS5 ol 53 OIS 5 gy Ll 5 ekias ol
| Singer, 1986; Franklin et al., 2005; ) c—wlaaaY

S os 590 L ojlust ) opl Culies (Gibson et al., 2007

Sulfide

Barite ore

¥ Massive Sulfide

)'|‘5"._.~54_3}QJZBc.\_z)b)b_;‘_;‘a:)ﬁ-\.ﬁjﬂa)bé-)‘_g‘yb')bﬂ\;‘sa:[)}ﬁ—d}.w)o)u)}&)lg&dlfa)b&)ﬂLA{@WZA.*d::a
Qd‘o:ﬁ.@ya)L.&)S}ﬁ:DLC_.‘.A“_;-L:B}»AW}l{@)l{QM&‘J‘J&@)\{&JKD)L&J)A&Uwzﬁjéu' Ccub*)b&,w;ls
‘_g)l}Ja)L‘.é-)J:sE)l_fU?AYZFj\ QL(}}JL-‘JKM@}YL.J:@JO}ﬂ—&y)‘sj"}a)Ld-)}‘éMJﬁﬂﬁEcub_)l{&w&lfoj)é

(C,.L)l; Brt) Sl aJ..::wL::g‘ (VVhltney and Evans, 2010) };‘)‘} kf.';i) )‘ Lg;l...a:}‘ CaMe .l g‘_{:‘.‘ijlﬂb Jj‘ )J&@éb}ﬁ—&_’w‘v

Fig. 9. A: general view of the barite ore and sedimentary-exhalative facieses located directly above the massive sulfide
facies, B: Handspecimen of the massive barite ore facies, C: The brecciated part of the barite ore facies, as sulfides in
the groundmass of barite clasts, D: Penetration of massive sulfide facies into the barite ore, E: Hand sample of the
banded sedimentary-exhalative facies in the highest part of the Vanakan lore deposit, and F: Barite lamina in diagenetic
banded sedimentary-exhalative facies. Abbreviation after Whitney and Evans (2010) (Brt: barite).
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Fig. 10. Vein- veinlets facies in vanakan 2 deposit, A: Barite-quartz-sulfide veins in the footwall tuff, B: breccia part in
Vanakan 2 deposit, C and D: Microscopic image of the Veins —veinlets containing barite, quartz, galena and secodary
covellite. Abbreviations after Whitney and Evans (2010) (Gn: galena, Brt: barite, Qz: quartz, Cv: covellite).
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Fig. 11. A: banded sedimentary-exhalative facies involving iron oxide- hydroxides-rich cherty bands in the Vanakan 2
ore deposit, B: Microscopic image of the primary hematite in this ore facies, and C: Image of dispersed grains of barite
and secondary iron oxide-hydroxides minerals including limonite, goethite and hematite with this facies. Abbreviations
after Whitney and Evans (2010) (Hem: hematite, Gth: goethite, Lim: limonite, Brt: barite).

BT Swag 9 S8 £l
BERP LR WY Sy sty DL 5 LulS s dl.w_)f.) sblas
dal g LS 53 (9305 Caetl 45 sl oalin b5 ailate
O i S a8 4y b ol o8 i 2l
Gyl el 48 aas e 0L ) OL e Ko 3 Lo S
Sk 3T 5 S Sakl e (2 S Sl S
S 23l o345t ) pon oS 5T Gl s andl ol
S 85l 5 0 ozl (i o Sl $5 (555
A STOT ol e 5 arils 528 o glacend )3 lgs
S 51553 5md e 0k eaT a6 GladnSTy s
e 255 5 p S ke G LacSn &85, (Sl S5
Sl S 0535 3. (B s A JS8) Al ST
253 e oo 55 OIS 5 Sk sl s &5 s o
L s o Sl S5 (BN JSC8) il iy 050 o7
slap s Ozl 5 bl Jie bS5 el Il
bz i 53 K0 5L 00 3L sNa ;Mg «Cu
Franklin ) » 55 o0 JoSa5 Gyals S Ks) Copns o SIS

b S

ol i 0SS5 HLuilS 5s ool 5 adsl Sume sa SIS
TN SN [Cgp RO TCY PP | K G I
(323 0 SIS (o 57 Juld odas ) sbasy 4 56
ST Y 5855 S SVl (g e (S !
Jols Lol adbl la S5t aT lad STy s
oolust ) sl ComdST s o2 IS 5158 e
Ll bl g g8 SIS 5 ok sl el eSS
5 Slod 5 el pw 05ty 53 552 50 LA S e
(A Yl 51 Al il g (55l sl Y oslest
TS T G e S PG AP RCINGSP gy
A8 5 Cobol e w ad sl Silen glyls SIS 55 Sae
Ll Cslen 5 Ciped 2o 2T 456 SladknS 5y
S8 Col 5 ksl 5 wls LS Gl s p s
Bl 5 Gl 5 Gian SIS LUl G35 adlles
OY JSKe) cl Ty OS5 LS gl e S8



148 e LS LS5 68N 5 a5 0 Gl S5 (ol IS (Kl (slao Lt

OF v L)Y o)led VY o

JSE) 5 5t 03 JLlST ST i 53 e 5 OIS
03 5 (b5 Olppn &K 3 35 6l S Gl 8 (F-1Y
Jgdi)g_wlc,:_wlf@\_gﬂuls-)dgygﬁiﬁﬁzﬁg
Jgmamen Syl LS i€ 015 e S sbas (G-
5 Loy slamel 3 ¢Ssle la 57 ols § Sl S5
gy &S cokplnil (sla s ool ke KenSs
i b LSS HLalS js s sl £ gl sl ST
23 S B3 05 e S 0 51 S by (1Y JS)
izl 53 el oS 5 YL WS 5 badls S 4 0S5 HLlS
Sl 53 e 3 (10 58 (S 5T 9) (s o S B>

.JJ;\;V.ZJ,:.‘K‘_,’_:;_JJ{

o)Lty i 53 P 3eS (o o S Ss (et al., 2005
0L e YU oS (oS Gladly s g () 5514 Y
o) s o odalin O HLslS s (38 035 e a3ke
E-NY &) ool odalion Js Obsae 355 ATy 55 Sle S
S o A ) oy o 55 5 XRD s sl
03 Gz 5 LS S b 5ol 03 (NS Sl S
AN JS8) Sl 3 s 75 VU087 S 53 0526 oo
31 S ods IS Barnes, 1997) 5L ke (D 5C
e sle 8 Gladglone 153 oS Cosl glao iy o s
A K il b ol 5153 5355 e sleul Mg 5 Fe

Sms 03 3doen 53 5 Sl Sl S S e Iy K5 5

Wolcanic- Exhalative

himeral
Staze-1

Supergene/

Stage-2 Stage-3 W eathering

Stringer Laverad Exhalite

=Zomea Barita

hilassive Banded breccia
sulfide ore barite

Beddad- Wain- Dizgensaszis

Barite 1
Barite 2
Sphalerite 1
Sphalerite 2
Galena 1
Galena 2
Chalcopyrita 1
Chalcopyrita 2
Pyrite 1~ |=—=———
Pwrite 2
Pwrite 3
Pyrite 4
Mharcasite
Hematite
Cowvellite
Digenite
Chalcocite
Mdalachite
Chrysocolla
Smithsomnite
Cerussite
Limnomite
Goethite

Mmerals

Sericite
Chilorite

Alteration

Ouartz
Clay mineral

Wein-
veinlets
Brecciated
DMlassive
Bedded and

laminated
Dhsseminated
Colloform
EFeplacement
Ring
stroctures

Textures and structures

OS5 5LalS s Gibme el b 5 Cstl 5 b SIS &S50 JIg VY JSE
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Fig. 13. A: Chlorite alteration in the footwall of the Vanakan ore deposit, B: sericite alteration located at the center of
the system, covered a large area, C: Chlorite alteration in the Gabbro sill containing mineral plagioclase and pyroxene,
D: Chlorite alteration in tuffaceous host rock, E: sericite alteration in the tuffaceous host rock, F: Epidote alteration, and
G: Carbonate alteration as calcite formation in the footwall rocks. . Abbreviations after Whitney and Evans (2010) (Chl:
chlorite, Ser: sericite, Px: pyroxen, Pl: plagioclase, Cal: calcite, Ep: epidote).
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Fig. 15. Position of various ore facies samples of the Vanakan deposit within a volcanogenic massive sulfide system.
Abbreviations after Whitney and Evans (2010) (Sp: sphaletite, Ccp: chalcopyrite, Gn: galena, Qz: quartz, Brt: barite,

Py: pyrite).
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Table 1. Comparison of Vanakan deposit with the massive sulfide Kuroko-type deposits in Japan, Rosebery deposit in

Tasmania, Australia, Varandan deposit and Barrika deposit in Sardasht, Iran

Vanakan Iran, Semnan, Iran, Sardasht Au's tralia, Japan,
Features Index . . . .. Tasmania, Rosebery Kuroko
deposit Poshteh deposit  Barika deposit R .
deposit deposit
Tect?nlc Continental Continental arc Continental arc Back-ar Back- arc
setting arc or Intra- arc
tuff, shale, tuff,
shaly tuff  andesite lava and rhyolitic . . . .
Host rocks and andesite dacite tuff, andesite rhyolite, dacite rhyolite, dacite
lava
Mineralization
Early . .
age Eocene Eocene Cambrian Miocene
Cretaceous
Veins- : massive . massive
massive, banded, > >
Structure and veinlets, disseminated banded, ma.sswe,.banded, banded,
. > . . disseminated, . .
texture massive, : : disseminated, . . disseminated,
veinsveinlets. > veinsveinlets X .
banded veinsveinlets veins-veinlets
Barite, pyrite. pyrite, ga'lena,
Barite e ] sphalerite,
7 pyrite, sphalerite. chalcopyrite, sphalerite,
Ore sphalerite, chalcopyrite, hni arsenopyrte galena, pyrite
. galena, sphalerite, galena. stibnite, . PTI
mineral rite alena tetrahedrite, chalcopyrite,
ch aI;Zo it P grolusi;e sulfosalt, bournonite, tetrahedrite
> Ps}i]lomelan,e electmm, boulangerite,
chalcopyrite jvrdanite, electrum
Quartz, abundant quqﬂz, sericite, abundant
Gangue . .. .. . chlorite, carbonate, .
. chlorite, Kaolinite, sericite barite, . barite,
mineral - barite
sericite quartz . quartz
(many times)
. Ba- Zn- Pb- Au-Ag- Cu-(Au) -» Zn-Pb-Au Cu » Zn-Pb»
Metal Zoning Ba- Pb- Zn- Cu -»
Cu Zn- -Pb-Cu- Ba
Ba-Au
Sericite, . .. sericite, silicic, sericite, pyrite, .. .
. s chlorite, sericite, . . .. . sericite, pyrite,
Alteration silicic, arcillitic. epidote pyrite, chlorite silicic, chlorite, silicic. chlorite
chlorite g - P and calcite calcite, albite i
C e Ohmoto and
Tajeddin et al. .
. . ’ Large, 1992; Skinner, 1983;
References This study Ghaffari, 2017 2010 Large et al., 2001 Huston et al.,

2011
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Introduction

The Vanakan (Sokan) barite-zinc-lead-copper
deposit is located at 23 km northeast of Semnan, in
the North Central Iran magmatic belt. It has
occurred within the Eocene volcanic-sedimentary
sequence. The host rocks of the ores mainly consist
of tuff, shale and shaly tuff. Volcanic rocks in the
district at the Ahovan region involve both mafic
and felsic compositions including basalt, andesite,
dacite, rhyolite and tuff. Many studies have been
conducted on ore deposits in the Semnan region
including Poshteh barite- base metals volcanogenic
massive sulfide (VMS) deposit (Ghaffari, 2017),
Hamyard (Haji-Bahrami, 2012) and northeast
Semnan (e.g., Ghiasvand et al., 2009; Shahri, 2011)
iron skarn deposits. Therefore, studying the barite-
metal deposits in the Central Iran magmatic belt
such as the Vanakan deposit, can provide
exploratory keys to discover new reserves, which
is one of the main goals of this research study. In
this work, study on ore facies, mineralogy,
alteration, geochemistry and genesis of the
Vanakan barite-zinc-lead-copper deposit are
considered.

Materials and methods

First, regional and local geology, alteration, ore
textures and structures and mineralogy of ore
horizons in the Vanakan ore deposit were carefully
checked out and studied during field studies. Then,
the samples were systematically collected from

trenches and open pit of the mine. Mineralogical
studies were conducted on 24 thin sections and 8
polished samples in the microscopic laboratory at
the Shahrood University of Technology. For
geochemical studies, about 16 systematic samples
from different ore facies and ore horizons were
collected. Then, the samples were analyzed by
inductively coupled plasma-atomic emission
spectroscopy (ICP-AES) method, and a few
samples were studied by X-ray diffraction (XRD)
method in the Aria Sharif Laboratories Company.

Results

The host sequence in the Vanakan deposit involves
three units, from bottom to top: Unitl:
conglomerate, limestone, sandstone; Unit2:
andesitic to dacitic lava-rich, and unit3: acidic tuff-
rich. Mineralization as the Vanakan 1 and 2
deposits occurred at top of unit 2 and within unit 3.
The entire Vanakan area involves a local syncline
with northeast-southwest axial trend, in which the
Vanakan | and Vanakan 1 deposits are located in
the northern and southern limbs of the syncline,
respectively. Based on structural, textural and
mineralogical studies, five different ore facies were
distinguished in Vanakan 1, from bottom to: 1)
vein-veinlet and breccia: involving barite-pyrite-
quartz vein-veinlets, 2) massive sulfide: composed
of massive sphalerite, galena, barite, chalcopyrite
and pyrite, 3) layered-banded sulfide ore: involving
alternations of ore and sericite altered tuff-rich
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bands, 4) baritic ore: comprising of mainly barite
and little sulfides, and 5) banded-exhalative cherty
sediments. The ore facies in the Vanakan 2 from
bottom to top are 1) barite -(galena)-rich vein-
veinlets and 2) banded cherty iron oxide-
hydroxides -rich red exhalative sediment. From a
mineralogical point of view, the ores in the Vanakn
1 mainly consist of barite, sphalerite, galena,
pyrite, chalcopyrite and marcasite accompanied
with secondary minerals such as malachite,
chrysocolla, smithsonite, cerussite, hematite,
limonite, goethite.

Discussion

Based on different characteristics of mineralization
in the Vanakan district, such as geometry of ore
bodies, textures and structures, ore facies, wall
rock alterations, mineralogy, metal zonation and
geochemical features, the Vanakan deposit can be
classified as a bimodal- felsic or Kuroko-type
volcanogenic massive sulfide (VMS) deposit,
similar to those of the Mount Read volcanic
deposits of Tasmanian Australia such as Rosebery
(Large, 1992; Large et al., 2001) and Hokuroko
basin in Japan (Huston et al., 2011; Ohmoto and
Skinner, 1983).
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