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Spider plot - Chondrites (Sun et al. 1980) < Spider plot — Primitive Mantle (Sun and McDonough 1989)
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Spider plot - REE Primitive mantle (McDonough and Sun 1995) = Spider plot — REE chondrite (Nakamura 1974) Al
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Ag | 1.00

As | 0.08 | 1.00

BlI | -0.19 | 0.00 | 1.00

Cd | -0.15 | -0.57 | 0.27 | 1.00

Ce | -0.33 | -0.68 | 0.09 | 0.45 1.00

Co | 094 | -0.11 | -0.19 | -0.41 | -0.21 | 1.00

Cr | 042 | 054 | -0.03 | -041 | -0.23 | 0.22 1.00

Cu | 057 | 007 | -0.20 | 050 | -0.14 | 0.33 0.20 1.00

Fe | -0.37 | -0.45 | 0.03 | 0.72 | 0.69 | -0.44 -0.28 | 031 | 1.00

Mn | -0.24 | -0.75 | -0.07 | 0.60 | 0.73 | -0.18 -0.21 | 011 | 0.67 | 1.00

Mo | 0.66 | 0.18 | -0.07 | 0.22 | -0.10 | 0.44 0.38 0.80 | 0.28 | -0.11 | 1.00

Nb | -0.13 | -0.36 | 0.17 | 0.69 | 041 | -0.11 -0.24 | 036 | 0.86 | 056 | 0.38 1.00

Ni | 094 | 007 | -018 | -0.35 | -0.39 | 0.94 0.44 029 | -057 | -0.31 | 0.44 -0.32 1.00

Pb | 0.16 | 0.26 | -0.10 | 0.25 | 0.04 | -0.05 0.21 0.66 | 055 | 0.12 0.69 0.46 -0.10 | 1.00

S 069 | 022 | 049 | -0.12 | -0.30 0.63 0.46 0.25 | -0.37 | -0.42 0.56 -0.16 0.70 0.02 1.00

Sr | 041 | 001 | -041 | -0.24 | 0.05 0.32 0.72 0.18 | -0.04 | 024 | 031 -0.06 0.49 0.10 | 0.17 | 1.00

Zn | -0.35 | -0.58 | -0.17 | -0.06 | 0.72 -0.15 -0.13 | -0.51 | 0.32 0.57 -0.41 0.33 -0.25 | -0.23 | -0.44 | 0.23 | 1.00
Ag As Bl Cd Ce Co Cr Cu Fe Mn Mo Nb Ni Pb S Sr Zn
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Epithermal High sulfidation Intermediate Low sulfidation
Types sulfidation
Magma Types Oxidized Reduced - Subalkaline Alkaline
magma magma magma magma
Key proximal Quartz- Quartz- Sericite; adularia | Illite/smectite- | Roscoelite-
alteration alunite/APS; | alunite/APS; generally adularia illite-adularia
minerals quartz- quartz- uncommon
pyrophyllite/ dickite at
dickite at depth
depth
Genetically Mainly Rhyodacite Principally Basalt to Alkali basalt
related andesite to andesite to rhyolite to trachyte
volcanic rocks | rhyodacite rhyodacite but
locally rhyolite
Sulfide 10-90 vol % 5-20 vol % Typically <1- | 2-10vol %
abundance 2 vol %
Key sulfide Enargite, Acanthite, Sphalerite, Minor to very minor
species luzonite, stibnite galena, arsenopyrite  pyrrhotite;
famatinite, tetrahedrite- minor sphalerite, galena,
covellite tennantite, tetrahedrite tennantite,
chalcopyrite chalcopyrite
Main metals | Au-Ag, Cu, | Ag, Sh, Sn Ag-Au, Zn, Pb, Aut Ag
As-Sb Cu
Minor metals | Zn, Pb, Bi, Bi, W Mo, As, Sb Zn, Pb, Cu, Mo, As, Sb, Hg
W, Mo, Sn,
Hg
Gangue Carbonate, Quartz, Barite Carbonate, Carbonate, Carbonate,
Quartz, Barite, fluorite Celestite,
manganiferous Barite,
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silicates

Fluorite,

Type example El Indio, Potosi, Baguio, Midas, Emperor, Fiji
Chile, Bolivia, Philippines Nevada
Yanacocha, Fresnillo,
Peru Mexico

APS = aluminum-phosphate-sulfate minerals

gz 10 A5 ke calllas 550 dilaie ;o ol jon polic § e 250l Jloiml ol @y Sliss gz
Sla,lils sla S 5l (S n b (Gome 03900 (LSS sla Sy epaz 0 slawlis (F-V)
e bddndy Sype Gl LB ple 0 ol g bulges YU Gelaedlsn b et ls Sl Sl
9 bl e Sla IS ol Ko LSS (S5 s o | s5ge salyd ol 58,5
Ol 51 S Gl 43 0,565 uly Gl rizres 5 0ads dmliie (slalu S5 (ol G)5d o8 D)l
L caled g yiden &5 ol Gl Ogeloedlsn b Jlo S gl JLls S ailislS s [ldls a5 ol
By Sildgy Lls g (il )T e gir)lligd oY dilaie (4 5 3, L) Yg),T Luils L
GIugezr S5 0 J o 40,55 0 i 4 5 2Dl ( placalil ey nf e Ll o ls (e
Ll 5 i 5 pmd e L LlS ) b (5505 330 5 1, SibiglS o JLlS ol Lo

ol 518 a0 s aalllas 3550 ,LuilS LS5 gl |, Ll JSCts

AR



optiailyns b o5 gl (slo)ldlS (slo S 51 o5 b gl ;5 aibslS o JLudlS’ LlalS o3 ¥V Jgur

Abu Wadi

Khushayba

Arzular

Yueyang

Lago
Fontana

Sahinli/Tespih
Dere

mazarr’on

Zijinshan

sla S

CE)0S,8r @ e

(Oles

Gl

Srows

e 2

Sl

4S5 o

Srowg

Ll

Srowe

‘5; . .~.~] OLQS

il s,

Slaass oles

Silyg %

oilyg 8

Sl

S

S

S

SSisis

Somsld 9 (T So5

el

STRRY R
il (AL
Sl 5 S5
&)

5 Siwdulo)

(e 5l8S

Camlo-cg jas]

s

‘53 il

N

als el

52,6 lagle

(B95Ma) Sisg3s,59 095

Sl

S

—y Selygl

sl S

—GgeegSll

Sl s

b 5 oy sSIE oy

HE

gy SIS
gyl i
oy g9 e Coddd g0
o

39§ SedgsS

oy oSS
cCA:.S)}g

g !

o
«SYb

b

ebes S

sl

\Y-




gy |

5

o8

555

-5lsS
LYol

bl g

CadS 5 55155

powy| 35 ,leS

W-“lssu-‘)l-‘

bl sla ls

ot 9 Sy

AN
9 sk

laas]

9 Zuilen)

(Cosgard

—Q)Y5QT

Slo,S

ERRN PN

NI

‘.la...J|5-.\>

LT
9 A

sas|

6&@@;:

(S slalad oS

oS yails 5 s 5laS,

(sl
0dsS
lalas

«Sils  J
0S|y ails

s

9 Rl

sk

0S|y asls

ails sl
od..:.;f)g: &0\.\.;5‘}3'

S slalas

Sily el

L;‘:\;'L.'Z 9

coAZS‘)g:éj‘o
s,
5 &)ly

£ RS

—ails (gldS,

-axS oS,
—dils o >
40&5‘).3.

5 Sl

Sl

o s

L osbdes

%)

L s
NW s,

wig, b glo oS

NW

lo S

lo S

L sl s
s NW &g,

S0 e
[Xeily

AR




,NE-SW

9 SyS
E-W Lo SnSls
Au Au Ag-Au- | Ag-Au-Pb- | Au-Cu-Pb-Zn Zn-Pb- Cu-Au Cu Soxe yolie
Cu Cu-Zn Cu-Ag-Fe
Ogesldatlg Jlo g gy! Jbss! Jbss! Jbsis! Jesis! Jesis! Jesis! Jeisl | @hals oo
(LS) ol | osmmlosilym | oommlonilyus Oty Ogeoloadlgns | Gomslandlyns | (gemlinilgn | gty
(LS) el | (LS) by ol 1Sy Lulgo> Lilgas HSYL | (LS) ol
(LS) (1S)
Al-Hwaiti et Akaryali | Zhong et | Lanfranchini | Yilmaz et al., | Esteban- | Zhong et | sk g e
al., 2010 and | al., 2017 etal., 2013 2010 | Arispe et | al., 2018
Tuysuz, al., 2016
2013

Sl g3l ST 1S ailols walis S50 sl 585 5l (g ykmn 5 Gl ey Sliits] glacSins 5o
&S 1zl oz s wilgi oo b S15alS (s (pl BlisST 5 axdllas JA) pe SIS 5 4L
slaS ;) oS Lls LSas gl (oYU Jeily Lo oS oS wSlosls (ylid 58T a8 )3 ploxil Olalllas
slo)B ilyg 8 dige b las o olele jleS CumBgn jo pl3d cplaS cunl S8 @ p3Y il Jlo )95 5
Olpl o Jligl lgwmal g b )lils’ Gla Sy & Ol ol (0-Y) Jgaz j0 23S o0 )18
=395 )15 5 Ol B ple jo la)lsls ol 5l Jboe oz b adbglS e JLuilS annlie )0 (o
Ol 63L) Jln slacalid do Jgaz cpl ;0 48 5 & j50 Glagm) » 4 a2 g5 b owl 00l (5 ol

ol =095 (ggm ym SaaiST g 50 (qwgeslz g (Lo (o) Slomail b aibiglS e Lusls

\YY

S oo o lie




(i @sles ) Jlosgyas sla)lls’ (&5 b whosls (o Lls’ (22 la S 5l (an amlie -F-V Jgox

Olpl Bl plo g op dolar -39 5 055 axd, ;0 Bl

eerdls

G Lls

Slals

Lasl>

alls LS

ol> ,Lils

obe il

molr -0y 5

Cnyesolz =095

molr -0y 5

—dg)l 4t

pres

ol -0y 5

s, sl

S5

B3 oy giomtlins (g 5051
5 B9 a¥ (slawbs

oSS

‘g;‘,")'_xji
Syl
g5 il

dwslo (o

L;Lbo)'bf

slawle

sl g0
NSy

Srdis

wedlsl

<t

<t

s <t
308l

e

ST Gl

-SS b

SIS G ST

L]

ST SIS b ST

ST

ST 5 SILs

5 SIS

ST

b ST
ST SIS

i€

SSIT Sl

S

S

b3l

s

o) Sl

(g 9090
5 SDgag
(o (IS
9 swilen

9 S S (oo
S (Sl e Sk

(&bl g

\YY



s
o

Ll

- Jles Le
CE @0

o

ey -g,a]ls L

<

Gl

T

G dles

e g

Jles L
Cg By

<

- Jles

SR
-Jbes
—f

Sy

%)

bl

o o] ey o oIS
W yg il I8

ST M 5 SIS

‘&.3.3)54'

PRPRWAR

g SIS
CmgSIS
SVl (LS

o950 s

gy oSIS

o 85T

S Yo

1

o ol (g o oIS
a9 il IS

oy SIS

mgSIS

Sl (LS

=

JOR A

S gi g

JOR A

PRSYS

W's5,5

456

Waroglgd ¢ 35,165 (oS

oy g Sl

“:',\.3.445]50

5

5 alllsl,

3

AR




6L“=3 _4‘?:‘5) _45) _491-5) _‘\f)
OA.HS)J alo “5.4).:
df) ‘lel"' ‘u.f).m\sli...; c..x;.;S).; ‘6‘ a..\;.‘S).é ‘6‘
clas waiST, el
00LS p glaxS oS slaxs) goladl | maxS, -8, | J slas | I sl
i 6lab oS Glaxs, -as, OHE
9 JB slad als slaxs 5! (il | il
5 il |5 gleS, (J (e
‘o.\;_ﬂ)i Wb m.\.;_ﬂﬁ: als a..x.;.ﬂ).; ails
T S)ly
5 slls ookl s | (o020l
R
150- 340 140- 280 140- 170 ot
234- 340°C 9C 235-285 180- 320 °C - - -
°c C 0c Jbows
0.1-13.3 6.7- 18.7 4.7- 18 e gt 2-6
4.2- 5.4 NaCl - - - T
NaCl NaCl NaCl ol NaCl
Slige | Jloyis,ne
Jby & Juyis! - 2Nl sles,
Jbss! Jbss! Slessyen | oy S
Vb sdlges bgie sdlges Jlo i g Sl gs Jey Jesah
Lgie adlges Ol edlges @las, @l bt
bgia b bgie S g
(bawgie (o=b
9 S9N L
Mehrabi _ _ Mehrabi g ez . |
Shamanian | Shamanian etal., | PR sl .
etal., etal., cOhLen | s G2 ol | ezl
etal., 2004 2004 yyay \Y90
2016 2012 \YAY
YYAA

YO




aslllan 590 dibie SLiiisT GlacKin Seigiss olSsl> g slicue —F-Y

Glacodlad (hgmcuss Ll JT olimsS bl 06~ 35 10 (2155 5l (5w (lsieds Glnl (e
5 2 5 Sis glaasy jo o)l zo5 Djged (LS Sloj sleeyge o sled s HlSLe
039 S jotd Al o iz (b (55U (oS 5 0 b (63585 sloosgd (n 3Kl 5 39 «(uiores
O A g o Sl B9 (pwgili8l 489 (SignSS DY Sige Jlie (et 3l (S e
O Ay (o 0 Dl s (2l Ka a8 el 1S5 BB adly o Sidgisie § Sidgiate by ]
s 9 4B (gl 090 mecilaSle ol Sl o pege A S S 5 Olpl 0 e egiliS]
sbolen OTAY (o 5as 5 Ligalelcund o0t o155 el 1o 3] sloKie sl (slagyseis,
489 @ Jlail 5 55 00l nl 0B 03 Jlad 4y 5, oS o el )0 uisdlly (g8l eiily oo oS
2 @l (oueiielly ol g b plojes (A Y-V IS8)Cenl oals a0l 5 0oy ) Lol
0599 Sl )0 09 g0 i glBl el S92 g anw a5 Bl co BT ST 09, argy Sl
aBy9 p & oeSei el idlyg,d a pomie (gye 485 Jlod 4y 9, &S (Sl g5 sl 5 Wb

(o -Y-Y Jsz « Ahmadian et al., 2014)s05 5 o 535 10 o) !

\Y¥



“Oeo Oy 50 6 elpl )8 o5 Jlod ah g, &S > Az )0 eiSgtll gLl o atn A Y-V IS
. L, .
b

Semligl — el Oley 53 635 0l nl 59 225 4 een ugll lig )8 9 (e 48y5 Jled g, 25 0
.(Ahmadian et al., 2014)

0b s S G 0lRl 2 d peiet gl azin uilye 8 £9,d b Simgy 5l (6l b 4
ooby 5o adel LB SlaS cuty L2l bhass> (35 e lnl Jled g (F9)0 sloise jo (VL
4l S ohg 4 g Vb Gle Selyg) (o o Ll 3l (B oS et JLSA5 0 5 Sl 95 VL
S8 BB sl o SlaiasT pgw) adg> sl (idS pl 4t (F-V JS) wlaidly b3S o5
(@Y 4l S 30 (635 500l 25 4 gt (wgilBl amin il 8 olaz ) BT L plKen 45
“oell 50 5l Crm S el Jled s g yiEomaey )l Jls 5 el oSl slacled
srolBus 5o gleSle codled (pl cde o)lyo .l 00,5 590 YU gl (pwsl 05ag A g sl
Ol &35 51 1) si3omaag | g 685 (aleSle cllad oo Ritngy it L 5 o o il Jglie
P ol s e olpl Jled g iy oSl cudlad o)lys Jy ailanidls 0,6 ail>

QY0 () Sen 5 (omsld)o o 929 Foliie (slaay o Yl Sloo (pasdl 10 0505 1 5 Gt (gtlly

\YY



/ 30°E = | 50E 1 60°E
i

\C
{ h Black Sea "‘J’Ih/an 8 \'\ | 40°N
ook i

[ 2= \»M Poides | Eess EURASIA

dag | lew - S 500 Km
azs:ngav :..:.n@y, f- e ‘,, <esmerbauan ') % Turan - ——
wosandiii Anﬁ}am&-\ T P ock

Poirge Sty U 1 Caspian \ Paleoz
fendees oK jassif Qe&” Sz SR — K OlcSu(u,
massif Nigde "_ Koy S ODEtD
A, o ol L g Sea i af”Masb:d
_‘J\—\rau o A IO ,,T..,:ags_"-‘ ‘ W Yoq g ) ,:» Y S
¥ 2 I Yy Zanin o ket~ ; ,.%
a7 | \\\“\‘/ |B}r]and‘ RS
[ . ! ‘ (”Z/ 2T ‘ H .& v, %
; i ) [ R N
Medltgrranean Sea § "D \mam % @;

— /\:— e = ) . « Neyriz” ﬁ.e),\ N
‘ N ‘ TS tt\f : ?‘}
\\)/? | \ Makran =

sl
4K Miocene core complex ! Eocene volcanics \ G(//f "
2 i Eocene granitoids X
X Oligocene core complex % ! Il Mesozoic ophiolites 1
© k | Il Paleozoic ophiolites ¥

4K Eocene core complex

; adomian ophiolites
=3 B cad phiolit
i | gmg Cadomian granite-
(Safaii Yioghadam et al., 2016) gneiss (g)/rhyolite (r) {
[Jdeformed zones
3 thermally weakened deformed zones|
M rising magma in dikes/shear zones —
Crust (UC): Strike-slip partitioning and distributed
shearing
Lower Crust (1.C): distribuf lell shearing. r
Upper Mantle (UM

'MIS: Foreare mant

Contigental arc.

\

» FMS|
\Iemennmu
. oceanic
crust

Sl 5 9,0 sl isu 10 (Sl ygim VU ol )adsl UL SleS oty oiS glhasg> oloxyl Y-V IS
(YU b5 53 655 50 Bl 25 A it (ewsildl amio il 8 b ot (53550 o))
S8es g (ul)F Slapinnn (22T G955 ST 50 gl Rlol 0 238 slacilad £9,0 L S
00D FosnS (gigwy AS5> JSET 5 Candiin B o a5 03,5 gy (B0 adlaie )0 Jlo i sla oS
S5 w0308 B o JSITSIS g Lalgas slaleSle 082S za,5 5 35b5 0590l o odleds und
b gl jo dalsl jo il 48 5 O ygo (LSS b 40 GeneS asg> 3o 4 o)lsl,3T ilakad 4
TESCHERIRIIR PP FORVINC QUK (IR VLIV S| ERUIES DN PURPE EVEH PrSOe
(VAP (g Nsd oo (Sl 4250 (95555 5 (KB 08,0 o 59,55 S o S9,5 e Jomxie

O olyor Dligus ) 5 Guaiiois owsildl a8 s 28,98 9 ol dty Joeo 3l ol oo b aS el 3 LB

\YA



oS S5 (uils (] YL glaciisS (i g (qwgilidl a8y5 (05 090 s 5 e Glas] 4
aalol b i adlllas 950 ailate ;5 S9doe fliny (555 SSiw 5 Fym (90358 )3
gkl a8y5 2lojol 51 5 conds onilyg )8 485 (YL (glanigS 055 (Vb Glee (rwgil yo tdlg 8
~aloi] AT s w0y 8 gy (23S 45 Cel ey el 00l g8 g 485 13 3l o
(GoepS 2by0 ) Ad9> (9,0 4 6 )lsT)3T Ble 5 leo3laS g5 Al 50 05 oo il sgm0 5 oleSle sla
SlasS 05 3blie 5y e by 3l lazd F IS 5T i 51151 (6lsT,8T 5 SlaaisT gla Jlgs
sob 4 ilad 518« wgildl by il Jols VL S5 Cou a8 a5 sig g8 48 VL
35 gl gw)p oS Cwl 55 LB .xloo)s—l S99 |, L oS 5 b laleSle 5 00l gd o
o353l (sLoS e J525 5 (latmgy 22¥T g et o oy yoled) e (slann ] (255 1 JS Siw (ol
- lagrn; Y5 65T 038 e y2g0 53 (sl a3 e LS gy 4 allate ool slacKin
aolds Groles 4 (F-V) S 10(6 55 ool 2!l (o9 )l lo aigy Jled)adllas 0,90 ddlaie oSl

ol 00U

A



Late Certaceous

Asthenosphere (b)

oL Middle-Upper Eocene

T
;C/«;/if
=S lév‘-‘vs Pe. J¢ K

= ~ W

>

Mantle wedge

Asthenosphere

(53S0l @9‘*‘)‘6)&5[-“‘ Ay Jlod)aslllas g0 ddlate @Lgfl.a—s‘.’:}t»w)’ Yo (g5 -F-Y IS

O 5L (D) auls S 35l 0 rSoh owgiliBl 489 ilg 8 dalsl g (5 jled  SeiSS Lae ol (oS> @)

JoSis g ily9,8 4alal (€) o( crmgil Jalghcrwstdl 315l ) 2S5, ol (oS> b GlaasT- pgm), 405>
VAP« ) oV oo sl o olaSlo 0 glacaglled b dilate S slaasls

G5 Al g HLudls’ SiS (5951 -0-Y

Oltsee oS w0 gl SLaatsT glacin 5l S (o ol — 99 5 o sigm; (Sliats] g
OleS bae G50 (6l l58T (slacSins ol pon 4 il el jasl az jadl < Jolds ailoglS jLuils
Sleassl sl o o Sl SIS @4 Cand e 4w Hladie 09 YU iloads S5 glo 8
Sl ol 50 05 00 ey — Stk asgezme al S5 5o 555l al po 10 e JeSS s (gl

Lgd oo S5 508 slaa¥ 5 gl o WLLT Ll p133
lSulo b g Bros docd (sloodgi 39453 50 5 0l (53,55 (e Jooxio (i slavly (pl a5 550 5

g oad Sl S0 g st anTd o )08 sz 5 leSle olo ) SVl U Cow wiyS )8

\F-



5 o Sass S5 50 5 Syzlae SYL slaEl 4 g (g) o (e talox 5l Jo LB S3lS
A oo Iy GlaS ) oleyS plBd LSS 5 3 el ez g0 SloJuS

- S 39 olerdsss Glo Ul (6, Sal 5 (3155 ,5) (058ug S Slalllas 5 ol o Dligto 4 5
905 50 camine i TS a4 whslS e JLlS sl

Lol 00l &8ly y pediole — 395l i Jled GiS o adlllas 990 ddlaie -

"S5 5 il sail il oS 5 b g, — SlahasT acsaze lailS (e 5 Lote (sloSiw -
il e il

bl (slo ) anils LleSlo a8 SigiS5 olSole L 5l -

SemgS ) 2l (ploordsy Lz 55 50 (i ngm SGE 5 CurmsSII Cu . Jol sl slaals” -
ool (Seigard § 36 uilon) o] (sloopnST s O 5,5 5 CaS Vo) oS d(udgsS

3,18 0929 Sl by oaiSTdils (glaxS ) g a5 S slalad caiiS  slacsl -

il o I slaladonssS ;5 glanS) 5 4, Lol ailaie slacslo

(oSS ol dilate 13 35750 sla 5l 53 XRD 5JUT gl 5 (550,500 Slalllas &y azgils -
SoS g e 5 2pnS| (Suiel olen a4 (i)l (S S (O S SLS
At (Sudged 5 Coilon) o]

yolie 3l (Sod (28 (S leS jolie o8l g (08 polie Olpid (aliaedsl; Sllllae ulul -
a0 b LSk a5 0ad o adriue ND o5u> b5 5 Ti Sab o5 HREE 4 cos LREE
el oo adgs MORB o5 (Lisused) Sasogd

25 olaglis o lacalis ulsas Jlosia! s s5le wod gl luls b ailutsglS s LuslS’ Slasic

gle i b ol lY 5o ()1 3505 pae g SIS, Djgotr S5aST oS @ 4 b LS

AR



2 ol el Sglite oo Jlo s ol s LM g ol (sla gl 5o 0929 pae Lo 4 g 009 Dgliia
gl ganaiwd GlaS; ole)S Gl LS 093 o 1) aibiglS e LS (5o Egecne

Gl g g o el oo gar (0-Y JS8) 50 SSled Jow Ojgar 258 5 Gl ooy (9SS Jol e
805 e

oS g i g adge 5o leaits] glacodlad b ol jan iS adg> S ol all IS
o g paglST-Cg

E3r% 5l 5 (5355 glmosgs S9ii— g5z Slaol (85,8 — (S5 S - (59,55 ez o S5

&_~,JL")35)-\-.:-‘° 4> >

]

~ -
AIAIIAIIAIIAIIAIY LI Ad I AAIAIIAITIAAIAI YA
4L Tl Tal Tt Tal Tal Tas FAae T8 Tag Tat Tqp Fag Ta
\’l \Al \,l ‘)l\’l \)t\ )l V‘l"i \Al i’lﬁ)l \,l
e A 4 .. A A A A A A A A

O Ot s O o N

SR Pr gl
Qe
-~

0 O,
T \ e T | e 2oy - “
A3TVAIIAINIAIIAIIAI Y, M3 203 7,322,372, 30,3
A8 T4 s Fas Tag Tay e vc tae rac rac tac vy
> 25 RS ) > | > b 47

A‘) 1"\ 4
ey

-

PEEY

:50:0;
SR SR R S
< PO < RO < RO <

AW R T A TR el T T W e
JIAIIAIIAIIAIYA
Fal 4L Tal Fal Tar v

> ) b > >

‘ ‘P B, L ‘“on €Y d
BNATL AL NATR NATL A b SATLAATLAA LA

R e S L e A A @R B S
e Mo . SN e
L B M e vs Al

.. .

3

e = ™ ~ - LN -
A3 7,3%,3%,3 dI,A3%2,37,3
Fa8 Fad Fal Fasr Wres Cag €

\FY



Gos g 2los Glisee slasdl o Silw Sl ‘@1)'4;‘[5 el Joe iz S

SwW

meteoric water NE

H20

l Ore zone I I

H20

Legend
.g @
g .g | Volcanic-sedimentry lava === vain typa mineralization
B ovee
m— meteoric water
I invusive body

b magmatic fluid

AilislS e JLls” S5 5l Soileds Joe 0=V S
VY




adbio ojals Yoo Jolgs —#-V

S5 Sl S5s ples JolS S b tms oole 3505 5 LS5 15 jige Jalss S K g

aolsl yo a8 ol oo Al axdlao 0,90 ddlaie ‘511)’4.;15 3o Jelse ol 5l S Oeh o yeide LS

85wl 3 ey 090 jlaiSl 4 Ll SIS e

WL’.A LgL:bJa.m ‘@WT stjs ).,‘).> ) 6|o)l§ Jl;d ML‘> G:Lofl.o LSLQQLQS dSu_J 4 d>gl l;
Jdoas addllas 5,90 adhaio a5 S g o aiws (Jb g oDslds, ob,S Ll LSas ¢l

ol Sl g9 cnl St sl (ermlin 16 Slo) B b ail> aleSle LS 555 2 518

O Soew —Y-F-V

D98 o0 Pgme (SHESS Lo jl a3l G S gl (bl sla )l 5l (So oljee S
g5 o0l JSA5 LSl oles po 5 9yl (2 LeSle g5 (ot )3 (ST Lanome o5 el 55 (LB
Sl Sl adhaie cwbiSin Jlg pogas 0 485 Ojgo g, n WS 0 atie | 2l SE
sSis 5l (SasS slaggers, dhes a4 il 5 Sk cojail (jasl leejlas agg
el sty ot 25 Y Shos sl SLaitsT cled b oSl (Bg5 Sl 95 515
sojlas o lglyd o SiwSll g 0,0 5 S 0925 Jdo 4y icanlin Coale pogdle b S (] oS
o3le 35 po3 (slp 1) (ol Jazma (5 lg1)31 (slacSin (YL (s pdudeai g Jol5s uizmen 9 (2L

Wlos S ol 3 Saee

V¥



SFT TR [U-SAPS N P FES TR i Y

Ngd oo wgue SlT,) ol )F pBS RSUISE )0 pee aS S Gy Glal oS
bls,l jo eas; 6,5 S0 g OYw (6,5 a5 aos oo plis adhaie jo ol5alS ¢ g lsle Oldlas
5 Bl serse Olsld Gl KinSs g b oS jpam @dly jo el adsl Sla SoaSS b it
Vs ( 2loSlo Gl b LYis] azis (o a5 005 ol (g2 slocl S5bi sl | ake; cadlats
yolis 5l gf sladslone by slaKiw b oVl ol Jlite 1Sy (o wslad 57 s ol )S
S (22> ol 5 W) I (a5 a8 Cenl SS BB silond LSCAT (g (59, 9 2w i) S
Kgy b 53 aLsIS laab ) o5 jblen Wi e St b KauSd 5 la S s, 5 s
el glol 5 355 Lol (slaJuS L sigy oo L i 5 o by (B8 led aibie o SIS L

o

&l g -F-F-V

(Wang et wls srecaess 595 (0,31 sloosgs o ,Slae b pasuio abal, GlaS ) oo 5 (sla ) Luils
S5 ol S8 sl SLST BB 0 1K &g aas iolw oS Jles L (bls )| i 4 al., 2016)
S 614, ole)T sla,Luils aille o Sl ace lsieay glefle slacolls a5 Sl (59,0
Olye Alas a4y 4255 L 13 slos S opals | SVl (2352 £9,5 (slp oY Ol Ll il (5550
390 adlaie ;3 (63585 sloodgs b as o Lol jpa2 g o Sl S0 (535S 5 £95 (rizren 5 oud
G5 lp 3 550 Ol el g 1) Bresdand (5358 0358 S 392 Jlotol (gl on canlllae

A gate WloslS LS (65 JSD o ple)S sla sl

\FO



Swdils ol sLice ~B-F-Y

A6 Wl e 052 50 SBAIS 5 S g9 53 (552 ol b LS 0oy0 5 (oo S Jlows JolST l5as
oojlas aS” S Wb o Soue adlaie ;o ol yor Ol3ld 5 o izt slivie 550 0 0l alils i
Sol> S cnl $9h gne SIS K0 5 e sl oot sliie Wl oo adlate )5 Loy g
Ao &S et (paSg g S il yem W@ wiile bl Sl la SIS gl 8 polie
Lo S5l 53 o990 SIS 103 5 (s 5l0 093 aD (40 8] ef SIS K00 g e (g p0lie ]
JB s 3 o Jom 5 0] Jslme Sj50 a4y loails’ Jlows 5o 5 33T Ll el 5l oo )8 @Yo Lo
L oS sligsa railice Jhw PHy o)l azjs 4 ansly oL ol 5o Ol e o5 ol 53
oS & aly o2 Sl egs Ssdce oLy Jlew o S Gl PH el g Les (liee 258
Ol p &S 6,550 Jalge I uoran il oo (S3L 5 hawlgus slacKin)o,lgs S olods
Wl Vo S @y Jlo e 4z 0 il S & oo s 0,158 8 il e Sl 5 SI3l8
Olas v LSl | puiian jobay conl (Sow Sl gol> Yl eVl v Jlow jo Sl o5

2loo b Sl S 51 (8 aleSle SV (nl e 45 215

e.l.."u . 9 ‘él & ..s‘ C.'J'O‘Q MR "2‘ _v_v

ol leads Jol> adyl CJLJ a4 azgi b g ailbiglS sogase (o XW| Cwdds SleMb! LSS glewl) o

Sy oo i oY SlasST glac lad 5 gow Db Sy ) OIS 4 ax g5 codgiome

\¥5



S e di Gos ST g oxaw Slasuin jleolatwl b  Sed Gubios (pl 40 00l (5 ,9] e SleMb! -
oS Sluogar 5,60 j0 i Oledbl 4y glitws Sy 905 oo sliien g, ol 5l cel oogs LS
205 ja ddlaie ;0 Gres GladileS (Elasl 1o (oudlgm [idu oh9an) Sore oole (&S g

oailes” ;5 Ll oty 5 lrertiinme) (Sl S Dlpsd 389 s 5 aslllas -

dodiz 5 el JWS! 00 S g sal Sl T ladlle alewg 4 Jlo g ol o, luils” ailels -
258l jga> S Gliee S 00,08 (Sabpupblise (528 Suwd 5l g (2le S ailele (VL (5
iaglio 5 5 endl) (s (T mblisne Sl tlS 5,00l 5l W0 S oo (atie 0l Lo
S pen s i ey IS S g iy il e Sralndige Ll GLEST 5 s
P9y ol 45 Sl S5 4 03Y 00 5 e ooty plsr Sy anlllas plnil ilaie glacdpl o o
Sibst 2 31y SIS (SaaSy aulol (25 ol 5 i gite sla Jlegl 050 (At b g oo
Oyt S pdan CB by 155 ol 40 Wil e dalsl yo 55 TP gy auled asiie lacd il
ol LaSol,y iy sleel jo Same oole St

2oy g Mo jea> a4 Ly g Jboy ol Gla,luils b abhogls e (LS lacwld 4 azgi L -
9y 2 o8 9 Mo BLasS| jelae & iy slo o) p  Sllllas adhaie (galy slo)luls 5 Lol

.oo)fso Slgin LS oy

\FV



\FA



1¥4



(805 (ol e Aol fuad SAlB LU )3 Sl y95 (595 9 2w Sl ST VYAV p i) g1 Lo o8 Lmh
- Olejle SLLTl " Gll B3 (538 e gl 50 wlidine) (Glodde o) 2"V AOV) pga 5 (VAOF) S szl
5iS (Sawe SBLEIS] 5 lis

CBLEST y oulisiinme Gloslo SlLal "o lokes dilaze ViV - - - bty 4" (VYD) s o 31,5
5 (Sne

o o8l (o pole 0aSails " (g yFolr JLudlS 355 5 cardi gt (ouelid G oyl asli (Ll (I YAY) B (g a0k
g0l

Il olitimn; a8 ame SBLEIST 5 (wlid (e lejle " WV FAT) g SLOBT-

$laS, 5 slaxs ) - oladl ol 51 asly ailels ‘;)M" OYAY) & olyes ol5ans ;) 9 B (5,39 f obiwly d axex plol-
pole alzee e oz —355 alaSlo oS (g5 S (1S ald- e olx Jaxe 03905ms (53, § ) e
AY Glns e

(53985 loosgs (powdiiomey ol p oly A1 Ll 35 oy TOTA) g S 5 2 25 e0ligsl
ke i ol&ils ()l i peny ozl Linlod el S 0 slas s ladllae 5 wlis SIS

FOY o ol o9 el oltils ezl (ol ola” endigly (Sl COYAY) ol

Lol 5158 Gligsirme omiige Sloas &8 0 "o KT Guo BlassT Slboe Ll (3,15 (O ¥R0) o Sl

Sl g pas (6395 slaosgs B3 oy p ey Olnl (ST sleesg Line 5 (tagh" ((IYEY) (G (i
58S @by Glosle BY ojles (515

aalika " lions e NS (145, e LadlS 3 Slooniigiipid 5 IS aslllae” (VYAR) IS5 londs -
2 (SERDkeS 5 (03 pobe cordine) onn OYA0) 4 5l 5 p g dip ooliimns o ool bz
Ve 0y90 (il (ol delibad (B8 lubydl el O Jled)az gl adlais al DIl (laS; (le SIS
FVRD Lo YV oles

-0bb My S5l slaacgame 5 09 k- 058 oS At ) SeishgilSy ugd 63555 oy n COYFA) £l yhnx-

o5 o5l il el IS el
Vo



5 bt ey oleslo izl Mk, W VY et oobie b ool (poeg 4" W(OVPVY ) o ol jiee

3ES (gdes L]

Al 55 (658,97 e S5 SS § LSS gmay VYA p (850 5 o shelerlo i duge dg (6,55 (5 00l

VE ojlad V0,50 e pole anlibad (B0 (lml,3T Glisl (o 555 Jezises

Ol oBails ol jlasl M Hleewigsy slasols Ldos™ ((VYAY) o il i d g SU g

ey Slejles « FA ojleds (DU 0ngas ik Flnl jo e gla)ldls T OVTVA) (o izl g o GUS o 25

e e oKl " g5 alhaie slidie; Capns 5 5yl sl Shs " ¢ (5,5 Allus, (FAR) i sooli
oV

il (8l 55 olT olStils it " )3T (glacSin 31,55 ,%" (O YAR g lgiol pai i

sasiiils ¢ ledae Jlois (63585 (2,31 (sloodgs sowdssy g 599 iyl owlis )5 asl LU (N YAA) iz ooljaxlos—

29,8l (Saro oLl (e pole

- ogiz)sel dilate ;0 Mb (5Ll S L ] B3l g (LSl § (ool S SY5o85 sy " COYVY) (el pae S50 -

ol o5 oS35 i 15 Al bl Moy 5,5

o8l " lakee adlate 1o Ldl S 5l Sl ol Sle,Ts anllas” g 25 s, (VWA ¢ o Slgiol olileaie

olesS il g olfails el laml " golaml wlidiee)” (OYA) r spoled

ol e ASSS LS 0 ile Sl 5 ewlidime) oy COYAR) o sl 2l 5 | g0 o (63 395 et

Sedee ol golatdl ulid (o) ozl Glolen (s

529l B 5 058 e jlols SYlw Glo Shs" OYAF) izp 552, 5 B osmmms diy (65013 ¢ (Alom

DAY = ABo Y ojlad ¢ Y 0,00 anidsl alme” (g5l Gy

gl gy SliaasT g SlaassT GlaSiw b olen uo 214l 55 (om0 oyl asbipbl (1 YAY) ¢ it

89,0l ciaio olKisls (e pole saSiils Mog all b0 9 3,0 (635 e oyl Jle

VO



s 4l ol o Ll gobazdl i pe; dandllae” (VYA ) e o] cosS ep S8 ¢ o Ugusle @l
ey gy sole dalilad Mg o Jleds

=l ool 5 e SLadlS SLas (65801 5 (o« owlid I pulidipn) (o2 (OVYAD)  fbjo> ollloe-
09,0l o ol8ails (p ) pole 00SCiils wa )l ol )15 asl L M lials i

SBLEST g owlid oy Hlojles Ol yLacsl Mog b ailaiaV YO« + ¢ sl (o aids” ((VYOO) d ooljoiaiign oo (sole-
5 (Sne

AT o it S el g0 Dl Ly Ldls” (psliisen;” (VYA o (Lo sele-

s e oKl «(5 558 sy M lials Lgir HleSle slacKiw sigle T (VYAT) (5 S5

FAY o comeiom, UL sl ol olnl sl g (Goxe nl53 golamdl i (VYAR) o S5

LaST oogama 3o oS5 G yxe sl SIS lolids (gl sl olsmle (sloools 531 yaas cOTAV) iz o oysaron,S-
(s=ly e BLEST Slbas bl (55 5l a5 5 N el

Slakes VYo e et 185 0590 45 b5 dogs (595 (clrosgi uyy! )] owlid 5 asl Ll COTVY) ¢ JlaigS-
Jles a1y ool of5T oKzl ("

LT bl 5 plsls jol sz =35 0 olnl Glabes =355 ailaie Jlods slo FouSss (ow) 2 " VYA T ol 5=
pole aolilad Mahaie S5 S

3S (goine SBLLIST 5 plidioprn) olojls oS allate 52k 059,08 (Slosko (5IS" LOVFY) o Jolaomsem
bt Sl 3 (pgmy oo (2l Gy (65501 5 podiirme ol I T Aabipll (O TAY) ) slon
g ls (xio oSl (e psle 0uStils Magamu

S 359y oome 355 9 (eolid S gy " golatdl ol o 0l ol )5 40l LG COYAA) o & (ggmge
Ol e Can o Rils cauly pole oasiisls " (0g,0L0) ol uas” ald

Faxe glrosgazs 1o ol T g 4l ol ohals aslels gu)).;" QYY) | JoBadlb 5 o Slawpuold (o ol -
VA= V00 AY o)leis T F 0,90 (oun pode anlibad” oy pdiola—0g )b SleSle LS Jl> g Ladl>aci

Obions bl (dadls doiz Jlo L LuslS goladl owliipe) 5 owlis SIS " (YA op Sl 9.0 ol e

\OY



e o8I (e ple 0aSails o )T s Ll 355 5 (cardgh e omlid ST bl 4l (O YAY) cssbles
g0l

e S 55 ot i IS ol ol e 5] el IS 4l bl TN L Assal
89,0l o olBails (e pole caSiiils M (laels Lgiz) Lo

Ol ogele olKasls wljlacl M golamsl owliiipe; " (W YA) iz Gboesl (i o ye LS o g eoljami-
o 2 Th 5 €O Spmiepis Slisy polie 95" (OYAN) o G55 ooy gl B (9092 o sile Bis
ol pany dnlilad M ja il i dblaie 4wl S lacKin 3l sanleds o3jlga 5 sad 68 S Slaass] slaKiw
VYA Sloris TV o e ol

J5s Al OVAF) o Sl jb Maalllas 5,50 abbaie olidipee; ;oMb ooz ea (VA Soin 5 (VAA) Slpals
s dgeds oSl M liels gz oleSle slacSin (53415,%"

558 (Fame SLLLIST 5 lidio) lojls 1055 Al (puslidiran) sloosdy 525" (1 TOV) cosljaredssn-
LSl 5155 gl 5l ey (63985 (2,31 Sl 353l (wlidinme) 9 35505 S50 sty O YAP) (B gy

29,0l gaio oKuils (pae) pale 0uSiils (09,0l 500> Yoblaestog,b

\OY



-Agangi A. and Reddy S.M. (2016) “Open-system behaviour of magmatic fluid phase and transport
of copper in arc magmas at Krakatau and Batur volcanoes, Indonesia” Journal of VVolcanology and
Geothermal Research, 327, pp 669-686.

-Ahmadian J. Murata M. Nadimi A. Ozawa H. and Kozai T. (2014) “Recent tectonic activity of Iran
deduced from young magmatism evidences” Bulletin of center of collaboration in community Naruto
university of education, 28, pp23-38.

-Baker W.E. (1978) “The role of humic acid in the transport of gold” Geochimica et Cosmochimica
Acta, 42(6), pp 645-649.

-Barnes H. L. (1997) “Geochemistry of hydrothermal ore deposits” (Vol. 1). John Wiley & Sons.
-Beane R. E. (1982). “Hydrothermal alteration in silicate rocks. Advances in Geology of the Porphyry
Copper Deposits”, Southwestern North America, pp.

-Cabral A.R. and Beaudoin G. (2007) “Volcanic red-bed copper mineralisation related to submarine
basalt alteration, Mont Alexandre” Quebec Appalachians, Canada. Mineralium Deposita, 42(8), pp
901-912.

-Carranza E. J. M. and Hale M. (2002) “Mineral imaging with Landsat Thematic Mapper data for
hydrothermal alteration mapping in heavily vegetated terrane” International journal of remote
sensing, 23(22), pp 4827-4852.

-Craig G.R. and Vaughan, P. (1994), “Ore Microscopy and Ore Petrography”. John Wiley and Sons,
434p. Institute, Falls Church, Virginia, 751p.

-Craig J.R., Vaughan D.J. and Hagni R.D. (1981),“Ore microscopy and ore petrography” (Vol. 406).
New York: Wiley.

-Camprubi A., Albinson T. (2006) “Depositos epitermales en Meéxico-Actualizacion de su
conocimiento y reclasificacion empirica”. Boletin de la Sociedad GeologicaMexicana.

-Cox K.G. Bell J.D. and Pankhurst R.J. (1979) “The interpretation of igneous rocks” George Allen
and Unwin, pp 450.

-Damerson L. M., (1990) “The petrology and geochemistary of tuffs and tuff breccias of the Thirtyone
Mile Mountain area, Central Colorado”. Department of Geology, The College of Wooster, OH 44691.
-Franchini M., McFarlane C., Maydagén L., Reich M., Lentz D.R., Meinert L., Bouhier, V. (2015)
“Trace metals in pyrite and marcasite from the Agua Rica porphyry-high sulfidation epithermal
deposit, Catamarca, Argentina: Textural features and metal zoning at the porphyry to epithermal
transition”.

-Fisher R.V. (1966) “Rocks composed of volcanic fragments and their classification”. Earth-Science

Reviews.

\of



-Galley A. G. Hannington M. D. and Jonasson I. R. (2007), "Volcanogenic massive sulphide deposits,

in Good fellow, W.D., ed., Mineral Deposites of Canada: A synthesis of Major.

-Gill J., (1981) “Orogenic Andesites and Plate Tectonics” Springer- Verlag, Berlin.

-Haldar S. K. (2012), "Mineral exploration: principles and applications".

-Hastie A.R. Kerr A.C. Pearce J.A. and Mitchell S.F. (2007) “Classification of alteredvolcanic island

arc rocks using immobile trace elements: development of the Th—Co discrimination diagram” Journal

of Petrology, 48, pp 2341-2357.

-Kawabata H. and Shuto, K. (2005) “Magma mixing recorded in intermediate rocks associated with

high-Mg andesites from the Setouchi volcanic belt, Japan: implications for Archean TTG formation”

Journal of Volcanology and Geothermal Research.

-Kirkham R. V. (1996). “Volcanic redbed copper. Geology of Canadian Mineral Deposit”. Types:

Geological Survey of Canada, Geology of Canada.

-Kuno H. (1968) “Origin of andesite and its bearing on the island arc structure. Bulletin
Volcanologique™.

-Le Bas M.J. Le Maitre R.W. Streckeisen A. and Zanettin B. (1986) “A chemical classification of

volcanic rocks based on the total alkali-silica diagram” Journal of petrology, 27(3), pp 745-750.

-Middlemost E. A. K. (1994) “Naming materials in the magma / igneous rock system”, Longman

Groun u. k, pp. 73 — 86.

-McCarroll R.J. Graham I.T. Fountain R. Privat K. and Woodhead J. (2014) “The Ojolali region,

Sumatra, Indonesia: Epithermal gold-silver mineralisation within the Sunda Arc” Gondwana

Research, 26(1), pp 218-240.

-Muller D., Groves D. L., Stumpfl E. F. (1993) “Potassic igneous rocks and shoshonites aspotential

exploration targets In: IAVCEI” General Assembly, Canberra, September 1993, Ancient Volcanism

and Modern Analogues, Abstracts. International Association for Volcanology and Chemistry of the

earth’s Interior, Canberra, 76p.

-Nakamura N. (1974). "Determination of REE, Ba, Fe, Mg, Na and K in carbonaceous and ordinary

chondrites. Geochim. Cosmochim. Acta”.

-Naslund H.R., Aguirre R., Dobbs F.M., W. Henriquez F., and Nystrom J.O. (2000) “The origin in

placement and eruption of ore magmas”, Internet.

-Nadeau O. (2011), “The Behaviour of Base Metals in Arc-Type Magmatic-Hydrothermal Systems—

Insights from Merapi Volcano, Indonesia” McGill University (Canada), pp.195.

-Nesse W.D. (2000) “Introduction to mineralogy” Oxford University Press, 442 p..

-Pettijohn F.J. (1975) “Sedimentary rocks” 3rd edition, Harper and Row, New York, 628 pp.

ATAIA



-Pirajno F.J. (1992) “Hydrotermal Mineral Deposits. Principles and fundamental concepts for the
Exploration Geologist” Springer, verlag, p. 706.

-Pearce J. A. (1996) " A user’s guide to basalt discrimination diagrams. Trace element geochemistry
of volcanic rocks: applications for massive sulphide exploration " Geological Association of Canada,
short course Notes.

-Peccerillo A. and Taylor S. R. (1976) “Geochemistry of Eocene calc-alkaline volcanic rocks from
the Kastamonu area, northern Turkey” Contributions to mineralogy and petrology, 58(1), pp 63-81.
-Rollinson H.R. (2014)“Using geochemical data: evaluation, presentation, interpretation” Routledge.
Lottermoser B.G. (1992) “Rare earth elements and hydrothermal ore formation processes” Ore
Geology Reviews.

-Reich M., Deditius A., Chryssoulis S., Li J.W., Ma C.Q., Parada M.A., Barra F., Mittermayr F.
(2013). “Pyrite as a record of hydrothermal fluid evolution in a porphyry copper system: A
SIMS/EMPA trace element study” Geochimica et Cosmochimica Acta.

-Ruiz C. (1971) “Strata-bound copper sulphide deposits of Chile” Soc. Min. Geol. Jpn. Spec. Issue,
3, pp 252-260.

-Robb L. (2004) “Introduction to ore forming processes” Blackwell, Oxford.

-Ramdohr P. (1980) “The ore minerals and their intergrowths, 2nd edn” International Series in Earth
Sciences 35.Reich M., Deditius A., Chryssoulis S., Li JW., Ma C.Q., Parada M.A., Barra F.,
Mittermayr F. (2013). “Pyrite as a record of hydrothermal fluid evolution in a porphyry copper
system: A SIMS/EMPA trace element study” Geochimica et Cosmochimica Acta, 104, pp.42-62.
-Shcherbakov V.D. Plechov P.Y. Izbekov P.E. and Shipman J.S. (2011) “Plagioclase zoning as an
indicator of magma processes at Bezymianny VVolcano, Kamchatka” Contributions to Mineralogy and
Petrology, 162(1), pp 83-99.

-Sun S.S., McDonough W.S. (1989) “Chemical and isotopic systematics of oceanic basalts:
implications for mantle composition and processes” Geological Society, London, Special
Publications.

-Shelly D. (1993) “Igneous and metamorphic rocks under microscope classification features,
Microstructures and mineral preferred orientations” Chopman & Hall, London.pp.405.

-Stewart G.M. (2004) “Argillic alteration and ore deposits Economic” Geology, 51, pp 407- 414..
-Simmons S.F. and Browne P.R. (2000) “Hydrothermal minerals and precious metals in the
Broadlands-Ohaaki geothermal system: Implications for understanding low-sulfidation epithermal

environments” Economic Geology, 95(5), pp 971-999.

\OF



-Szeliga W. and Michalik, M. (2003) “Contact metamorphism and hydrothermal alterations around
andesite intrusion of the Jarmuta hill, Pieniny (Poland)” Mineralia Slovaca, 35, pp 31-35.

-Sillitoe R.H. and Hedenquist J.W. (2003) “Linkages between volcanotectonic settings, ore-fluid
compositions, and epithermal precious metal deposits” Special Publication-Society of Economic
Geologists, 10, pp 315-343.

-Sillitoe R.H., Perelld, J. (2005) “Andean copper province: Tectonomagmatic settings, deposit types,
me-Shelly D. (1993) “Igneous and metamorphic rocks under microscope classification features,
Microstructures and mineral preferred orientations” Chopman & Hall, London.pp.405.

-Tatsumi Y., Takahashi T. (2006). “Operation of subduction factory and production of andesite”.
Journal of Mineralogical and Petrological Sciences,101(3), pp. 145-153.

-Tristd-Aguilera D. Barra F. Ruiz J. Morata D. Talavera-Mendoza O. Kojima S. and Ferraris F. (2006)
“Re—0s isotope systematics for the Lince—Estefania deposit: constraints on the timing and source of
copper mineralization in a stratabound copper deposit, Coastal Cordillera of Northern Chile”
Mineralium Deposita, 41(1), pp 99.

-Tucker M.E. (2009) “Sedimentary petrology: an introduction to the origin of sedimentary rocks”
John Wiley & Sons.

-White N. C., Hedenquist J. W. (1995). “Epithermal gold deposits: styles, characteristics and
exploration”. SEG newsletter, 23(1), pp. 9-13.

-Winchester J.A. and Floyd P.A. (1977) “Geochemical discrimination of different magma series and
their differentiation products using immobile elements” Chemical geology, 20, pp 325-343.

-Wood D.A. (1980) “The application of a Th Hf Ta diagram to problems of tectonomagmatic
classification and to establishing the nature of crustal contamination of basaltic lavas of the British
Tertiary Volcanic Province” Earth and planetary science letters.

-Wilson M. (1989) “Igneous Petrogenesis”, London, 461p.

-Williams-Jones A.E. and Heinrich C.A. (2005) “100th Anniversary special paper: vapor transport of
metals and the formation of magmatic-hydrothermal ore deposits” Economic Geology, 100(7), pp
1287-1312.

-Wang Y. Zeng Q. Zhou L. Chu S. and Guo Y. (2016) “The sources of ore-forming material in the
low-sulfidation epithermal Wulaga gold deposit, NE China: Constraints from S, Pb isotopes and REE
pattern” Ore Geology Reviews, 76, pp 140-151.

-Yilmaz H., Oyman T., Sonmez F.N., Arehart G.B., Billor Z. (2010) “Intermediate sulfidation
epithermal gold-base metal deposits in Tertiary subaerial volcanic rocks, Sahinli/Tespih Dere

(Lapseki/Western Turkey)”.

VOV



-Zhong J. Chen Y.J. Qi J.P. Chen J. Dai M.C. and Li J. (2017) “Geology, fluid inclusion and stable
isotope study of the Yueyang Ag-Au-Cu deposit, Zijinshan orefield, Fujian Province, China” Ore
Geology Reviews, 86, pp 254-270.

\OA



-

00

ATAR



ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s- ch-s-1-
1-12 2-19 2-7 2-22 2-12 2-2 2-0 1-2 1-8 2-6 p-6 p-4 p-3 10
A
g 2.71 <1 <1 | 12.12 <1 <1 <1 2.71 1.46 2.32 | 65.42 | 11.06 | 23.99 12.12
Al 7.57 | 11.31 | 10.12 5 9.88 | 10.74 5.26 7.57 | 11.42 5.8 4 6.64 6.5 5
As 56.46 18.88 19.17 12.71 | 32.65 17.79 | 48.78 56.46 | 62.74 | 41.23 | 34.35 78.22 | 88.73 12.71
B 114.1 | 170.2 | 190.2 | 181.9 | 286.0 176.5 | 278.8 | 724.1
a <1 1 1 1 3 2 4.33 <1 | 30.77 | 74.59 3 9 1| 190.21
B
e 0.78 0.93 2.23 3.66 2.12 0.96 0.73 0.78 1.02 1.09 | <0.1 1.47 0.79 3.66
Bl <1 <1 1.08 | <1 <1 <1 1.7 <1 <1 3.21 | <1 <1 <1 <1
C
a 0.62 6.23 7.21 2.15 8.38 9.07 1.83 0.62 1.94 3.93 0.3 1.54 0.74 2.15
C
d 0.21 0.21 0.28 1.25 0.19 0.36 0.47 0.21 0.21 0.79 | <0.1 <0.1 <0.1 1.25
C 114.2
e 7.94 | 30.32 | 94.69 | 73.95 7 | 54.53 | 53.25 7.94 | 12.56 | 42.25 9.93 9.43 7.85 73.95
C
o] 15.25 | 34.45 | 31.71 32.02 30.4 | 22.56 17.88 15.25 20.15 13.72 220 | 33.12 35.12 32.02
139.2 | 115.0 121.8 | 148.6 | 129.8 | 3224
Cr | 75.77 | 13.57 | 82.19 | 34.73 9 8 7.59 | 75.77 | 37.28 1 2 2 8 34.73
Cs 7.69 3.6 1.82 1.83 <1 2.83 3.03 7.69 6.31 5.13 2.95 5.76 3.32 1.83
C >100 | 103.2 | 265.8 | 4615 | 295.0 | 196.9 >100 >100 >100 >100 3343 2740 3553 | 46150.
u 00 2 4 0.8 7 1 00 00 00 00 1.7 9.8 5 8
D
y 1.85 341 9.34 7.08 | 10.74 4.02 5.43 1.85 1.84 433 | <1 1.46 1.08 7.08
Er 1.17 2.08 5.68 3.65 6.64 2.63 3.41 1.17 1.13 2.78 | <1 <1 <1 3.65
E
u <1 1.26 2.38 1.82 2.83 1.63 1.43 <1 <1 1.26 | <1 <1 <1 1.82
Fe 2.01 3.16 4.03 5.02 3.36 3 4.08 2.01 2.2 2.78 1.09 3.03 3.17 5.02
G
a 9.65 | 12.64 | 15.59 | 12.55 | 16.39 | 11.92 8.29 9.65 | 12.92 10.6 7.18 9.76 | 14.68 12.55
G
d 15 3.3 9.04 8.14 | 10.64 4.44 5.49 15 1.77 45 | <1 1.55 1.11 8.14
Hf 4.77 6.19 16.52 8.9 20.78 9.48 15.06 4.77 6.89 6.58 2.57 3.77 4.92 8.9
H
g 2.73 <1 <1 <1 <1 <1 3.07 2.73 2.6 2.53 <1 <1 4.41 <1
H
o) <1 1.02 2.84 1.26 3.26 1.18 1.62 <1 <1 1.29 | <1 <1 <1 1.26
In 0.21 <0.1 0.15 | <1 0.22 0.13 0.39 0.21 0.19 0.25 | <1 <1 <1 <1
2020. 2100. 2400. 2000. 2300. 2120. 2120. 2010. 2320. 2110. 2010. 2030. 2060. 2090.9
K 38 71 16 91 29 27 57 38 22 75 47 99 44 1
La 3.79 | 15.35 47.3 | 32,91 | 58.01 | 28.14 | 26.24 3.79 6.02 | 21.74 2.5 4,14 3.49 32.91
Li 46.44 | 57.17 | 23.02 | 34.09 | 26.13 | 25.86 | 14.31 | 46.44 | 48.33 38 | 35.66 | 33.18 57 34.09
Lu 0.26 0.44 1.22 | <1 1.37 0.49 0.68 0.26 0.21 0.51 | <1 <1 <1 <1
M
g 1.11 1.45 0.38 1.8 0.53 2.1 0.15 1.11 1.46 0.68 0.36 1.04 1.25 1.8
M 485.7 664.3 | 554.3 | 596.5 112.8 | 312.5 117.7
n 66.02 3 | 445.4 9 6 7 55.6 | 66.02 | 125.2 | 365.4 4 8 6 | 664.39
M
0 1.29 1.93 2.35 5.92 1.82 <1 5.9 1.29 1.59 2.31 7 4.14 8.48 5.92
N
a 2.8 3.99 3.75 1.61 3.5 3.84 2.69 2.8 4.14 2.37 1.1 1.64 1.73 1.61

\fe




N
b 6.57 8.76 | 15.52 | 13.43 7.24 | 10.96 | 22.61 6.57 | 11.65 | 12.74 6.88 6.76 11.8 33.43
N
d 5.22 | 16.17 | 46.34 | 38.61 | 55.95 25.1 | 28.22 5.22 7.72 | 22.52 3.35 6.37 4.73 38.61
232.8
Ni 35.85 | 40.34 23 | 2391 | 23.81 | 64.83 214 | 35.85 | 28.33 | 29.05 7 | 36.37 | 90.02 23.91
P 0.08 0.09 0.29 0.35 0.29 0.11 0.28 0.08 0.1 0.14 0.12 0.13 0.14 0.35
p
b <1 <1 | 10.72 | 17.51 2.08 <1 | 15.13 <1 <1 2.46 4.46 28.1 | 19.28 17.51
Pr 1.23 4.01 | 12.05 9.64 | 14.38 6.53 6.94 1.23 1.79 57 | <1 1.34 1.07 9.64
R
b 14 | 22.29 | 70.59 | 34.48 | 38.68 | 28.11 | 49.92 14 | 16.28 | 30.13 | 14.77 25.4 7.55 34.48
S <0.1 <0.1 <0.1 | <0.1 <0.1 <0.1 0.11 <0.1 <0.1 0.13 0.15 <0.1 0.12 | <0.1
Sb <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Sc 6.33 | 16.74 | 17.87 18.1 25 | 18.66 | 14.42 6.33 9.39 | 31.18 7.96 | 14.75 8.92 18.1
S
m 1.35 3.3 9.15 8.03 11.1 461 5.7 1.35 1.71 46 | <1 1.19 1.15 8.03
Sn <1 <1 <1 1.83 <1 <1 <1 <1 <1 <1 <1 <1 <1 1.83
157.0 | 179.9 | 165.3 3379 119.7 368.8
Sr | 99.43 9 5 2 | 226.1 6 55 | 99.43 3 | 84.71 | 255.1 | 156.9 5 | 165.32
Ta <1 <1 1.96 1.59 1.95 1.14 1.2 <1 <1 <1 <1 <1 <1 1.59
T
b <1 <1 2.11 1.05 2.42 <1 1.29 <1 <1 1.04 <1 <1 <1 1.05
Te <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
T
h 20.84 | 28.93 | 34.12 | 30.94 | 32.32 36.2 4.49 1.84 3 2.35 1.15 1.63 1.68 6.94
Tl <1 <1 <1 <1 <1 <1 0.4 0.24 0.34 0.25 0.44 0.67 0.59 1.09
T
m <1 <1 13 | <1 1.44 <1 <1 <1 <1 <1 <1 <1 <1 <1
U 3.53 1.48 1.97 2.75 2.37 <1 <1 <1 <1 <1 <1 <1 <1 | <1
112.0 1143 | 180.1 | 109.4
v 5 | 93.96 5 7 2 | 69.86 3.8 3.53 291 6.81 2.55 | 23.57 2.85 2.75
112.0 | 124.3 | 122.8 | 306.8 | 217.7 | 2415
W | 75.69 | 10.94 34.4 1.39 | 19.68 | 24.16 | 84.26 5 2 1 8 4 8 | 180.17
Y 7.38 | 15.82 | 46.65 | 39.01 | 56.75 | 20.91 | 55.49 | 75.69 493 | 10.05 | <1 <1 1 1.39
Y
b 1.62 2.65 7.27 3 8.23 2.95 | 23.69 7.38 6.61 | 21.39 2.78 6.13 3.79 39.01
114.4
Zn | 18.92 | 64.72 1 44.4 | 88.37 | 61.55 4.08 1.62 1.3 3.12 | «1 <1 <1 3
243.0 | 301.2 | 229.3 | 101.1 107.4
Zr 62.69 | 75.82 1 6 9 7 | 18.78 | 18.92 | 56.99 3| 27.76 | 48.87 | 50.15 44 .4
Ti 0.4 0.24 0.34 0.58 0.25 0.62 0.33 0.27 0.44 0.67 0.59 1.09 0.5 0.51

\#)




ch-s-1-12 | ch-s-2-19 | ch-s-2-7 ch-s-2-22 | ch-s-2-12 | ch-s-2-2
TiO2 2.77 0.9 2.64 1.14 2.79 1.34
Al203 14.94 18.56 14.77 19.75 14.82 15.84
FeO 11.57 8.92 10.85 8.29 10.12 8.67
MnO <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
MgO 1.33 1.91 0.71 291 0.87 3.35
CaO 8.85 6.67 8.34 3.78 10 10.4
Na20 3.12 3.8 3.65 4.03 3.21 3.57
K20 2.56 1.5 3.18 1.71 2.88 1.55
P205 1.31 0.51 1.19 0.43 1.26 0.58
Si02 47.82 49.56 49.23 50.96 47.73 46.75
Limit Upper Limit Upper
Element (LOQ(ppm ((ppm Element (LOQ(ppm (Limit (ppm Upper | Element | (LOQ(ppm ((ppm
Ag \ Voo Mo \ ErE) Ga \ Yoo
Al Youu Avsns Na Yoo Avenn Gd \ Voo
AS \ O Nl \ AR Hf \ Yoo
Be N Yo P Yoo Yonnn Hg \ Yoo
Bi \ Voo Pb ° Voo Ho \ Yoo
Ca Voo AEEEE S Yoo Yerun In \ Yoo
Cd A Voo Sb \ Youe L \ Yoo
Ce \ Youu Sc \ Voo Lu \ Yoo
Co \ Yeuu Sr Ve oves Nb \ Yoo
Cr \ Yoo Ti Voo Yeoun Nd \ Yoo
Cu \ Yeun Vv Ve Voun Pr \ Yoo
Fe Your Vesns Y \ Yo Rb \ Voo
K Yoo Yoons Zn ° Vouo Sm \ Voo
La \ Yeun Cs \ Voo Sn \ Yoo
Li \ Yo Dy \ Voo Ta \ Voo
Mg Yoo Suves Eu \ Voo Tb \ Voo
Mn Y. Yeos Er \ Yoo Te \ Yoo
Tl \ Voo Th \ Yoo Tm \ Voo
U \ Voo w \ Yoo Yb \ Yoo

\FY




aulolS dalaie )5 ouds Cudls p gl S Slasiin § Slaise F Casgn

o Lot olaise Satel | et | o cgz | pasl gy 4l
o5 <l 4
F1 54°17°54.2" 35°19°37.2" 165 65 NE ol s
F2 54°17°52" 35°19'41.6" 345 90 - ol s
F3 54°17°52" 35°19°41.6" 0 68 E <l sl
F4 54°17°52" 35°19°41.6" 150 74 SW <l als
F5 54°17°52" 35°19°41.6" 123 80 NE <l als
F6 54°17°55" 35°19°46.7" 10 90 - <l als
F7 54°17°55" 35°1946.7" 160 72 NE <l als
F8 54°17°55" 35°19°46.7" 35 90 - <l als
F9 54°17°55" 35°19°46.7" 140 60 NE <l als
F10 54°17°52.4" 35°19'53.8" 46 51 SE <l s
F11 54°17°52.4" 35°19'53.8" 125 78 NE o)y &l pae
F12 54°17°50.8" 35°19°52.8" 60 65 NW <l 4l
F13 54°17°50.8" 35°19°52.8" 100 66 NW <l 4l
F14 54°17°50.8" 35°19'52.8" 60 79 NW iy
F15 54°17°47.4" 35°19°55.7" 0 75 E o)y &l pae
F16 54°17°47.4" 35°19°55.7" 45 44 NW <)y &l pas
F17 54°17°45" 35°19°56.8" 75 70 NW <l 4l sae
F18 54°17°45" 35°19°56.8" 78 70 NW <l 4l sae
F19 54°17°49.5" 35°19'51.1" 40 66 NW ol a5
F20 54°17°49.5" 35°19°51.1" 50 90 - <l a5

\FY




F21 54°17'49.5"  35°19'51.1" 26 | 80 NW ol 4l
F22 54°17'49.5"  35°19'51.1" 70 | 47 NW ol 4l
F23 54°17'42.9"  35°19°48.6" 40 | 83 NW ;4
F24 54°17'42.9"  35°19°48.6" 10 | 65 SE ;4
F25 54°17'42.9"  35°19'48.6" 150 | 76 NE ol 4l
F26 54°17'38.2"  35°19'49.4" 45 | 90 - 2l a8 pae
F27 54°17'14.1"  35°19°44.3" 0 85 NE | b als poe
F28 54°17'14.1"  35°19°44.1" 115 | 80 NE | b als pue
F29 54°17'13.8"  35°19'43.7" 55 | 80 NW |l als s
F30 54°17'12.7"  35°19'42.8" 115 | 35 SW o als
Fal 54°17'12.7"  35°19'42.8" 0 65 SE | Ll 4lS puc
F32 54°17'12.7"  35°19°42.8" 38 | 90 - oyl
F33 54°17'12.7"  35°1942.8" 110 | 28 SW ;4
F34 54°17'12.7"  35°19'42.8" 170 | 90 - o als
F35 54°17'13.6"  35°19'40.2" 90 | 54 NE o als
F36 54°17'13.6"  35°1940.2" 12 | 67 SE ;4
Fa7 54°17'13.6"  35°19°40.2" 125 | 0 SE ;4
F38 54°17'13.6"  35°19'40.2" 100 | 75 SW | _Jjals pac
F39 54°17'13.6"  35°19'40.2" 80 | 90 - 2l a8 pae
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Abstract

Kalute Boland copper deposit located in Semnan province, 120 km south of Damghan and
part of a Torud-Chah shirin volcanic-sedimentary belt that has facies in the northern edge
Structural-sedimentary zones of Central Iran. Extensive and numerous alteration and
mineralization were formed by volcanic and magmatic activity in this zone from Eocene to
Miocene and are mainly related to the subduction events in this zone. The calc-alkaline
volcanism and related mineralization occurred along the main Anjillo fault in the north and
the Torud fault in the south with NW-SE trend. Field and petrographical studies, deposit area,
consist of andesite, basaltic andesite and basalt and tuff that indicate middle—upper Eocene
with argillitic, sericitic, silicic, carbonatic, chloritic and iron oxides alterations. The rocks are
high-K, calc-alkaline to shoshonitic in nature. Mineralization in Kalute Boland area occurred
as veins along the fault planes in a lava unit. Fractures resulting from operation of faults in
the rocks of the region have created a favorable location for the influence of hydrothermal
solution and it is considered as the main controller of mineralization. According to the field
observations and mineralogical studies, the mineralization in the region was carried out in
two stages: hypogene and supergene and weathering. Hypogen zone minerals are generally
pyrite, chalcocite Because of existence in oxidizing-supergene environment, nearly almost
Cu-bearing minerals of the main stage of mineralization have been replaced by secondary Cu
minerals such as chalcocite, covellite, malachite and chrysocolla. Fractures resulting from
operation of faults in the rocks of the region have created a favorable location for the
influence of hydrothermal solution and it is considered as the main controller of
mineralization.The most textures observed in the occurrence of mineralization include vein-
veinlets, open space filling, radial, replacement and disseminated. According to the
geochemical data, the volcanic rocks have significant enrichment in LREE and LILE and
depletion in HREE and HFSE and negative anomalies in Ti and Nb elements. The rocks are
enriched in Cs indicating mantle metasomatism by fluids released from subducting oceanic
lithosphere. Therefore, magma contamination and mantle metasomatism have affected the
magma from which the volcanic rocks of the Kalute Boland have were generated. In variation
diagrams there is a continuous trend between the mentioned rocks and indicate that they

evolved by fractional crystallization. According to geochemical studies copper with Ag, As,
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Mo, Arand S is a significant correlation. This correlation geochemistry is corresponded with
mineralography evidence (mineral paragenesis sequence). finally, regarding our research the
petrography, struactural control of mineralization, alteration type and its extention, simple
mineralogy, geochemical, fluid inclusion properties of the study area and comparison with
similar epithermal deposits, Kalute Boland copper deposit can be classified as vein type

copper deposits.

Keywords: Mineralogy, Geochemistry, vein type copper deposit, Middle—Upper Eocene,
Kalute Boland, Torud-Chah shirin.
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