s.m.b" 93 Jlo

YYF LYY domio 5l VFe el ool 8,le ot 9 oo Jloo Ol

938 € Jlolh (Jzre,8 adlain 538 Wi sbaS ) o5al ow)yy

)5.»..J.c KV) “;Ll..\gl.c ‘_A.c ‘*055...’;)).; u;’b)ﬁ (>

J//;ij/;ij/aKMJ/d :,Aj.lc o..l.ﬂ.;’;;’/a ;‘;MJ[X.MJ ‘/'H..oj "j)f
QABNY 2 ol asews QUYNY allie il o)
G 0 (93 o Jled) JKizo 8 dibaie (oMb sleasl 5 58 5 o 5 oy g3y Wl SIS SIS 5 (g5l SIS oS
B (5,510 sl g Comls 5 cudgr, Wl ST SleassT glacKiw o)l )8 i —p b 38 L) Lei>
Sebs,T Jols [als sloaS, (ygel i asias BB slaglo So st 5le S cnl Gl (s (Beded 5 Codys
o Jlawl Jolis ol5g 0 sladils .l solo S ol g oliige K& g0 ‘53.1)'43[5 L e g Sl SO
«odgeS (awsSIS ez Slgn olilS slaclilsl L aS aiiis Cudhe g Sodis Db (S (o Koy IS

Siadls’ 2l axian 2hlS ol el e sloalboly 5,155 5 ConndS g oo (plyen 35S g Codlen 2y o5l (eSVL i
78958 S S (lierdney Sy olul el JIB (LS 0uiiS 5 lans a1y (b (Seiile (lanS oS
g Nb (Ti L awslie ,0 Cs gBa K Sos o8 05l cighed b YL puwly ol Sol conle 5 sud (agllyy o Slaiss]
Nb _ite g lia o ot 5 (HREES) (S ;b SB yolic 4 o (LREES) Koo jobi Sb jolie Sab i Zr
Oloyan 3,155 G 50 Sl slo)lilio gy o il0y8 ary 5o Sliassl glacKin ouisS ol gloSle fSis Sike
oS 10 SaboSan los s 5 (LHV) S mls g5 5 odas job d Ll o5 ols olis garilyes S b o S5
ol s el plabs Sad Joleo 535 4oy YY BV e 0,208 10 55 Sl (slolileo 65 it o5l dj0 YEV b Y- Y
Slaylile (S o (557 Gled aiian Sl slaaS,) LSCAT )1 g jle (n Fatee D Sy 9 Giber (iles; slaaidly
SloaS; LSis (b bex oy ol saml (lans Sl 5 Crskin B)10S jea> (oAl ln G s @lbe 5l (28 Sl
Sl SKan 3 loime; oSl 5 cardime; wlen lagla)Fs 5 ol (wlid IS Slagm)n @ S s LalS
lesS1E a5 a1yl ity Ko s ailata 5 ljalS o aias e ol Jlom sl lilos il 5 Slei]

35 el (Fxialye

MKzo,8 s ol Sadadlaw o518 ¢ Jlaw [Lileo £ Sl yos oSl £ g5l U1 g0lS slaojlg

mogS 3l S JKizre,8 adlaie () JSB) o)l 18 551 pleS
gk (S OWSUS 890wl aigy (ol jo el slo
2y Glaatsl sl obj cubrs 5 ,ade,S 5 g
S Shy rtete Sl (gl w4 2S5 Wile) 6]
AV JS8) 09 00 sl 4y diilaie ol (cwlidiyee
g 0050 gy ViVOe v e v il 3l sy JKze ) aslais
Sozy b Canl @Bly (938 b oy Jlod 5regkS A o

doddlo
S~ e 7S 53 50 aSle il 457
1o ) slos S agamn S 5 S 2
Loolyon (s)l1)31 5 (Gros and g (3985 Slaaasl) o8]
e —p)lle 2l agy yo geiie slaljalS slas
i slosS g 5 Juli 4y ol IY 0] col oas
@ G )0 g Sl ogix o p)lb slaesS g Jled o

shalizar33@gmail.com : Sig 2SIl oy (- FEVTYYVYEV Y 2 1lad o FOVYAVYITE 150l ¢ Jgtuns 00 o5



Olnl el (G g (ol poly alo

295de (Ghle wgSl iy (JbS

Yy

ambidmey daled oluly (iagh opl Ho el oais
S Siw sondiyen) oals sbaas, ol S5 4 8L
byl o Jbw lbojlibe cwyp 9 Slaassl 15550
M sonilyer S b okt LSS lejen 38
08 0> g5 5 S5 oile (il S g, 5l ol

ol Cws & K>

@l ay Gl el S @ (cliliinee Slaom) 2
oo WY 5 VY2 slaans )0 ohg 4 opmaiin —p )b
Gler b Slll Blassl glaog S bawg iy 4y
dda el ol e Gdee o, plulis
o) 5 bl S Glagw ) 5 9 Gl a5 G )bl8
0 O3l oz 5 B8 o 09ST [P-T] oSl
plxl Sz )8 aihie o35 wiz 0pd ool olid

o S0 '/ Y] =] -

O Pb-ZntCu
o Cu-AutAg+As
A Fe-MntMo

37°00' N

m Cenozoic (Eocene-Oligocenc)
m -volcanic-plutonic complex

M .

-limestone and sandstone
=

Paleozoic
7|

. . - i Ty,
BA _undifferentiated metamorphic rocks K

N
D i K
RS

SIL Y] ez e 5l a8 1) it —p )l aigy (05 V] 55l (aloSle agd (08 iy 50 () JSize 8 ailate Couabso 1SS0

(&) s

s shale
rFvywwy
vvew T with intercalations of andes:
vy TufT with in alations of andesity
@ |+ *+ + + | Andesite, trachy-andesite and glassy wiffs
+ + @ ]

— Major fault

Geological boundary

Village

Sz B dilaie (3lo G5 - qulidiiee 4l ¥ JSb



YYY oo dibie o3l iz sladS,) Sl (o)

\f" )LQ{ ‘\ O)Lmi: ‘Y% JJ..?'

as, wlo gl (guws sladiges jo 5l J> slas
o 9 S eSIE e Jlanl (B ol 5 039y et Sl

IR OP9)
8 ol (pBlesl 5 alimo (i 90 50 S 0
a2l Gljee ()3 laSiws 5l lme Ghalen
5 ghe D GloSs Gl sleay 5 syl
50 Al bl diges A0 Sl (o asdly g o B s
ol Cudlsp sladiges ol Cands (aBisles] isu
S adaie Vo g b g oot Bl clis digas FY sl
bl sSwsSon slaShs cslio ghiie YO
Ot ysbiie & s BAD (o) 2 0y0la00 93 D 5Stwg Se
sl 3 ead Cudlo s digeld Vo ‘Ji;_?o} 03 £oi
Al e Ghey a2 sl bl sl Sl S
oKiws L XRD slacal wiass 5 435 (XRD) X 455,
plaSs Cu Ko g5 L (@0 0+ Jow) (o) &5 0 Sl
Foooba s ks Bty et Sob el S slajle
o):;..j B AM.) P Ay Y LJ‘“Jﬁ) CA.C).w EJ.A.A—‘ ‘sl.ue
e SbLaST 5 cwlidiyee; Glojle ;0 20=2-70°
Sz 9 £ kel polie polie (pizen ol agd ;58S
5 Slo,S0 ax 0 S b SleassT slacSin ) aiges 4
(XRE) X 5555 omiloyshd mowcib b cd i 4 o 53510
7 mcieb 9 PW I480 Jow el 5,8 el
6"‘)'1)} cLi&‘.iLoﬂ Je (ICP-MS) el ons cax sledy
S robe polie s pSojlul ln a6 S oslwil ol
oS i Slig b diges jo 5l p)5 20 Sgam 0l S
(LOI) 1,3 olge lade aiaus S 58, SO awwl 4o
23S 5l g Sl iged (359 ST ull  ladiges
ol &8 ,8 o ol cile az 0 A0 sles jo el S 6l
yolie) luuST gl p (_g)'l.w)li.ih" 0 S A s 00D
Sz role ln(Sis vey itV B ) (258 5 Sl
S Db ) ol gl g o5 s pS ) bepeY
ey

Soilgm 3155 sbaaS ) sl Sl slaylils (o) 2
Vooomar g A b Cogm g SupmsSIE (B e le e
Slom b a9 oeSwsSee b Jie pge diged
g ond angg ally g3 (iwledy; slp (sp Slage
5 oileyS s b o wbalils mles claymall
C5Swy,Sae 4 Jate THMSGO00 Jow oS iole yu

allin (ol cymo
Size s dibie o o)lel 31 5 Slihas] slacKin il
3 (@S Wike) wiS 08 gae aiies )5 Wile 4 gy
Yoo Ae e ogam el 2l JuS 51 Lo 4 adhate
S8 BB Sleassl s (8s e By slavaly g ol e
Sl glaasly 4 ashais )0 (7,5 Wjle) sl gac el
Brb 99 )0 9 09dior predl (S5 sladed 5 (b9 (B
JS s ol culs e B0l Fee sgus 2L ailsog,
IS i a2y Gl |y K o8 et S slasol
5 Gl slaasly Jols (ods (oo (Al 208 s
LGy LY g B sladed oailopys in )l
S Sl 303 g 0 S B Gy, 5SS,
oy Sz 08 adlate (ygelm 5 (2l Aoy, )b g o
ol ol L, 50 ol 4y g 009 o S S8 L Wgd o
il s sy (sls sladys Jols (g5 s (o
Ll o03l52 Ky 0,1 (g it oy (2l allog, )8 )0
3 5y ol ol i b (5SS
i Ll osims J:S5 oaes sl 3« )lsl 5 6 5eds
(8351 00g5 o, Sles Sl p baasly opl 5l Sl ise o
Slaaas] o (o Cul ool sg>g 4 lodilS slaay
S e capail (S5 ol wojuil laasly el
T odes il 5 ond LS Lagte liassT slacSin
PPNV SIS ST BRSO
cload b IS5 5,055 slajysh 5 oo s)lsT baasly aigd
Lgod ;3 g Al Hob Sl )0 Ojg0 4 (el 5 0d 09,55
g 0 0033 35,198 ol parr 4y I SIS Sws

(s oy =5t Jlas i b 6 alS) 2l JoS
oS > s adlaie oAl tage sblo) S
(SO ey Sl g gl Bl Sl
o o STyl ol ool Lo sledigy sl g LS
laanl B 5y g sl (ol lalw cudlad 5 09i
3 S I3l 51 Joal (51aaS ) oS5 ol 5 o 5
lass) (nyee (@lme saled 4l cul ead b
Sy — 5,55 5145, wlole g0 dibaie o oad (gjluails
slwly hls w5l e Voo sgas alold L Ll asis
VB e dadhaie jo ol JuS 0g)) ()8 - B2
Soe g 5o ) bawgle it e Yoo IS 6lilho waz e
5 Sail i) Ol sleSin aiies e Vel
WS p g slaS) a5, (Lhp slacdl 5 cSle (B



Olnl (ol G 5 (ool oy almo

soede ((Sole 0l JL 3 YYf

&)yal

S s F o ol e 1y UKo, dilaie jo olalS slas,
D9 0 Ol aslol joas cd 3l o

ol 0 G G (et G e ST g g - IS
L oopar JSS0 b oSS des claysl Sopo 4 el
Sy s IS ol el o LSS ey sSIS 5 i
o3 3155 slajok G o JB slad sanS g slaxS,
oSl gl 4 Gedils Jb o bead Sl 09d o
(2lials b Bl e sloonl g s See Sl s ool
S o bayols 1 > 0 G USS lie sloo o>
5ol Ssls oo g Slbl 51w lee S 0 JE aleas
ol Sl Sl 55 i b Sty sl Jlo
HE Al o s colKT dase (Sodadlge il L
L L{b)9L )‘ (57-).: A.J L ‘Q"‘ » Uj)‘g‘ RGO EPR W J.&uu
VO JSL) 098 on 0 5 SudgsS SIS 5l (SaeS lpd oja
()l

@ sl S il plye 4 Al (nl e Yl
» B slelad sy i s g, Ojse
Ol 5 (BB 0l ce s oy e lad g b Sl
S lasliloe S 4 a5 51 Ss8 0ly als
s sSIS b bl 51 5 0 il ol sl ssalice L5
(o sV slasa) o)ls Jobss la e JI

S o3l ylpiol olfiils  cwlis SIS sBigle;] jo wnsl;
solo b 28 °C i b b S (b olKiws (oxiwly 0
(01,5 sl az 30 FVF Cod ahati ) e Olyig o lailenl
oli%an s laitinl lo b2 C cds b jiuloyw b g
b all (3,5 ctle a0 —AFY b alais L)

ol o gl Slw 5

Sl T dls Culies a5 wms so ylis oad bl by oy
9039 yiie Yo VU jlo Ule wiz 5IHAl slaaS; (ygal g
SbgleSs Jals ciy 4 S, 5l alol bl L
W Fwd Saiged )3 (Sodlgw Sjpe 4 D) Sl5alS
23 Sy (Sl SO Ay 35d(on 0 ok (GLu S0
bl g el soalie BB candiw Sl S agy Gselim
FoS polie b oolyen Cojm 5leS o XRD gl
sty ol edile GG coyadl s cels wedgls
Comd i S b SGlsyT Lo S wien Gl S
W85 o ) (G GloSs ead ol Gl S g0 4
o5 e 5 Subl iadoh jgecige (i dgls )leS o
O Jeaz) )by jeax anyy cul 0 Caym s Caje
aS, Jowo o Cod alold (55590 j0 Sy p (Sle S
ColS egagl (o 5 a3l Gla G L g sl (1S

ol panseis BB cslen g gl wadl 5,165 b ol o

XRD gy & Jozro,8 ddlaie jf caline Sl 5o slaasyy sladiged 45 i VJgu

=2 sl

ol sl s

oS agn g9

Aigad o leds

oyl g CondS wodgls

oy 35,3185 ey s

St e (S5

Alt-1

3185 ey

St e (S5

Alt-2

ComndS i gl

oy 5185 e o

S (Lo

Alt-3

bl ey

gl jgelige uidlS 35 leS

Skl sle S

Alt-4

iP5 5 eS

Skl gle S

Alt-5

<obs

S jgecige lui S5 55 leS

eyl Sle S

Alt-6

S e g

Cobl i dgls 5 leS

eyl Sle S

Alt-7

Cudlen 5 Cudgsy 53 ,lsS

RUIPR V] LN Y

Sitkagp Sl 5o

Alt-8

ComadS (gl (g IS

Sk Sl 5o

Alt-9

Coilod S

NUIPRW PN LS

Sk Sl 5o

Alt-10




YYO s adbie 6315w slaaS ) L1l ()

\f“ )LQ). s\ o)Lw.‘b s\“\ JJ~>

;
s sloysl (o dSp) ol b lea (Gn) o8 el (W JKze 3 ddhaie jo olalS slas) 5l He8ws Sow pglas ¥ JSS
CdgoS a4 ad 5l a8 a1 sSIST (o yob (& w jasSIS b Jlanl (g0l o (0 Cep) oy oIS 5 Sos8 (slalilia L (Sp) <o Jlan]
o Jlanl 00515 130 o o oSS sl jsb (7 oo oI sl 4 (D) cudpps § CudgsS ile (& wiloads o (Cet) canssIS 4 (CV)
bk (g (o5 US <l L (PY) op b oo laS) &j50 4 oSS (2lalS (g acasl 00l Joos (BN) Cosygn @ boad 5l 955 oS
5 pobal asa (Cb) GluS slo S5 JSCis g oy (laST (& 9 (01g) cunidsl IS0 Gi9mw slaailasins b ol joa (Hem) coslon oapiS
Aloads 4 SU5L 588

@ dges 5l (S )0 Cuym S9des ond FlsS slaeh
Sl So Sl s g (7 YUSE) oo IS5 50 Jomie s
el CdgS g Cslen 4 bas b 0 wlig

CotiSe sl sl el a5l — o o8 — Cudlod —iiSoo
“Culen aiload il SiS Lo Cullen b S ek 4
P glaS, Sigo 4 Cdel eSS olen 4 JSG o sl
5 S,k Gl ysh g0 @ e Bl ailoas JSCiS o SlSS
slolad o g e V100 B Y 0,03 o plaoslul jo ouis
S Dyge A Oy 4 &Sl el wleads LSy J
Z 5T ¥ SlodSl) ol oo o 55 JSb elad slo

O3t 3 ST Dyso 90 4 Vb (sSsg See gblis yo Mb
Sedisn oy o dlanl glead o 5 LS plo b 65,0
eyl ¥ JS2)

g 2 SIS it SIS — 995 — iy g9 — gy SIS
Gl ,sh cul J Km0, 80,058 10 o e alS o Hoage
5 CrdgsS udled odyg Jawgd y05 @ &S (pl S SsS
Glpazs ) (LF JS8) aiload (3l CowsSIS
oMl 5 I L ol yan oS b s IS dass oSS
slaasly jo JB slalad oaiS n & g0 4 Cupm b (25 5
S «CdgsS gl oo 0amd o Jlal jo 5 g SOy
a0 il b o bad 5l cessSIST 5 (& Y JSS)
0 5155 9SS ol jodr 4 o0 ainn o 0 SIS sl
(@ ¥ J5=D) 995 ge 003 (12 990 @blie 5l (S 50

Lol Sy s8I Sl 5o slaos ol 48 5l 58 coSYL
L ooler 25 5 o Jlawl LS o Clél alS cpl i
Oom GB slad o g 65l sleans, o Lo SIS



Olnl (ol G 5 (ool oy almo

el csle o5 3 s

0.1 mm 0.1 mm

0.1 mm

ol sload 15 (G5 I pmlo b 6,565, s 5 31 &heo 4 (0 5 (5L 99 (55ws e ablie o Wb jga> F JSi

5 I sbals jpa axs o JB slalad oS , cdl
O S sblad o Sy g o, Lol en oo Jlal
Sl 0030,5 dloul ouls ol5alS slvaxS ;) o 5lsS sla sl
(b JS2)

sl @ coJliul 5 5 pdile amss esile 2
9 SelgsS ludyg b ad 51 o g gSIET (il g o SIS
(S0 JK8) canl CngSIS

oo oolo Cdb

A aseid BB Al sbhaxS ) g bas, o cél s
gl oo Glo dalol jo oS

b S50 sloysh 0uiSTy 55 5l o6 oSy ails il
Sy sbaski g g 15 Sy SISy Cu e Sl Sia0s
(A0 JSK8) el

ool oS 5 Sy sbanS, 4 baye s)lsl il

(o0 JS5)

3,5 (Py) Coym (@ oS98 o>l

: Qk\m

5 53 oLadl (Cep) Cu s ok (i Sz 3 adlaie )3 (o5&l Slas, 5l (0589 e pslas B JSCo

-4l glaazs ) 5o o il jeax (& o J lad o o Jlawl ol jan 4y o 1 sSIST LSLES (0 o ple)S G 50 (SP) o Jlansl L of jo 00
Sl slo sl (7 (Cal) oS ol jon 4 (Q2) 535,155 455, 10 05 Sla S Hpa> (7 (Cuslon) ol aruST 455, (& wad ;)
Sl (2 oud (2hals axgy ) (Gp) &5 S ((Cer) Cujgpm (g 5 Sland Sbayoh (@ e5)lsS albly )5 slass 9 (9w 8L L (Olg)

iloads gy 3L 58 50 bl s 9 (XPL) abolite oadad (2uSls 555 50 7 5 7 bl oy oSS L o il (sl



YYVY oo dibie o3l iz sladS,) Sl (o)

\f“ )LQ_) ‘\ o)Lo..»:: ‘\"\ ».\l?

G YOA YEYL SYNY looins jo cuiy a Slaass]
Eaorme ol oS 0 Jig weys YFe U FY 4 2YY
Ao, Y B OOY oS o b pl 4o K,O+NaO
al p GLassl lasly an o) aiS e et s
O Caws SI0;  jloged yo ol glalsT cos
Slaassl glasly a5 aas o olis [V] K,O0+Na0)
Sl S-Sy 5 Conls dgsy 09,5 4w o ashis
SileS K opl aSlml 5l (@l £ JSE) 95,5 o sl
F 88 (6,138l (gl wiloads Slw S slaanT s jhgsews
ol ol eolanwl [A] ZrTi0; a4 cees NbY  loges
Cojal Sy a0 oSy Slaans! S den (il
b [1] KyOS810; Jloges el p (o & JSKE) wiyls
ey 2Ll (Sol (pleSle (g 5l gy )90 (Sliiis]
Jogas Al Lo FUSE) aes isbed B VL
ALO3/(Na,0+K,0) 0 piagd
03, pb (S ool [V -] ALO;(CaO+Na,0+K,0)

N 5 93 IRUIA NS S SEUONN | JUPSCIU gt

Jold g JKizo 8 0033 50 8l (niml) lanS a5, Sdl
oSS el cnl o el ST 5 Gopilgn slaals
slojol boolyon o JSA b0 S8 aes slajsh &g &
See cayy sl s Cum e Saes
o (g By ek )3 5 NS SlaanS, jo s Jlaul
Ghr 0 slaS, Shge a4 Cusm nl 09l Ssdse
(g 550 gloSb) cosl sanlie b5 3 oS

Ol j0 a8 sgie onud ole)S lane o lans cdl
slaysh G ) Cenidl ISE Gism g Glais slayh
(z 9z 0 sbJSi) wijls jeax 3l cb)o

sl gl goby 2 oa)lo o sf.»..?b_c“__) osb
Gl o Syeoay Co il g oy ,0SIS
(g O J58) coul pasiine sbewl, 53 9 5519

JEEFEE JNCTRRNCIRNIS
s Slaats] SloSin S5 5 o b ol olie nolis
oals BLIY Jaaz jo JXizo,8 dalais JodilS sloaxS -3,
s Na,O 3 K,O SiO; lade o olal cpl p .ol

iz, aibaie gl5alS sloaS ) hiee Sliais] lacKiw glesd 435 s YJsus

Ses el 5] as R-1 R-2 R-3 R-4 R-5 R-6 R-7 R-8 R-9
SiO; (wt%) ) VARa# Y. A YYAs Y& - YANO FYNY £AYY [2da) VANAS
ALO; ce) \YEY Y- \YY-. \Y £ \YYY \FAN \EY- \FAY 1E.0Y
Fe,0; e VY VN8 Rai Ve A vAas YAV YV 1A)
CaO ) VY- V.eq YYY ¥a YYe AVEL| Y.OY YAY V-4
K0 o) £YY O - axY £.00 YA £.01 Y.OA FAY 0,00
MgO e Ve - f0 \s LYY VY VA Ve d - v
MnO ee e .Y .5 .\ e .-9q 0 ). LAY <00
Na,O e Has Y- AT YAA 140 Y.£- VAF Y.f Y FA
P,0s ee e ). .Y RN .Y LAY Y ). LYY LY
TiO, e - f- XY XY XY ) < A¥ NN - Y < X0
LO.I - AN ¥24 AN AN ALY YAy £ 5y 148 \id
coze - 23,41 234- 99,vY AA 43A 24,¥4 13,40 AV 934-
Ba (ppm) Y ‘¥ VY aay \WeY ary £5Y Ak AdD AAD
Cs ) ‘¥ V¥ Y Y'Y 7.0 £A 4.0 Yo 1.0
U Y Y YA £y o YA Y& YA ¥ £
Nb -0 VAN Y\$ YV Y\ YE) \Vio Y0 VWV f \ox
Rb ) Na) 4 VEO YA N \SY 10 \EY \YA
Sr N ASY \EAY YA ££Y.0 \EAY YEY Vay YYVE \5%
Ta ) A5 VY Y VYA YA V.eq \¥a -0 ¥
Pb Y Y. - - Y- Yf o Yy YAS AP 2N
Th Y YA \YOF \YYY \F00 \Y.Y ¥ ai V)84 VVYY 1FA)Y
Zr \ 1Y VY- VeV AN a- AQ VoA VFY VoA
Y Y 1o f \OA \80 VAN Y& \AY \&Y VEY \EY
La (ppm) -0 YY Y Yy Yo \va YA v'f s Y'Y
Ce <0 fY o £Y Y #4 4 N of 04
Pr Y s [T XY £.0) AN £5Y #AD £AQ I
Nd <0 Yo YAY Y1 Yya Yay Yy Yo VAD VaY
Sm Y A A YEA YEY YA 804 O Y £5 YYY Y
Eu o) LYY - Af - AY - AA \Yf LYY LYY VY LYY
Gd Yy YXe Y Y.OY Yy FAA %5 FAY YA LA
Tb ) -0 N N4 N4 VY - FA - £Y N N
Dy Y Y YYO YAY Yo [f\v4 YAy YV Y08 YAY
Er Y 144 Y-t VAY YAf YYY YA Y Y- f YYE
Tm e < YA LYY v LYo < YA < YA Y XY A
Yb o VA 10 ¥ VA VA \& \& V& ¥a
Lu ) i -f -¥ - fY - fY < YA AN - -
(Ce/Yb)y - ALY vy Ve AA] a4t AW ave 72 LV
EuEu - 1) N <A < AY <A V& -AY AL <A
(La)Yb)x - AYA VFAQ 1YA4 \YAY \Y 00 VVAY VB V)ed \Y 00




Olnl (ol G 5 (ool oy almo

sl (Faile w0l (SL 3 YYA

5.000

Ly

ol Com/Pant | Phonolite
3 \

P = S Rhyolite N ~—
- e
o _— —_— Trachyte
- 7 Rhyodacite/ Dacite

<N T ——— p ]
N Andesite d

- ~ph
£ Andesite/Basalt -~ o
z ndesite:

. Sub Alkaline Basait | Alk-Bas
E: T L T T T
0.01 0.05 0.10 0.50 1.00 5.00
Nb/Y

-
e
=
= : :
; =+ < Metaluminous Peraluminous
ol
£ -
. . - "
i

Peralkaline

A/CNK(Molar)

U 1 L) LJ
06 08 10 1.2 14 16 LB 2.0

L l=al |
S - —
m Rhyvolite
-
m =

Wi

s

|

=

- -
= T - T

- =
Shoshonite Series .
Wy = -
-
o
ON
> .
Ny Calc-alkaline

Series

Tholeiite Series

= T T T T T T T

45 S0 S5 60 65 TO0O 75 RO

Si0,

o yuiia 53 Jloges (o JKize b ddlate Sliads] sl 5,386 &l p [V] KoO+Na0 gg0me 45 s SI0; oo loges () & Ui
5 [4] Si0; 4 cod KO o piite 50 logei 50 (o JKize,b adhie Jliais] sl games, lp [A] NbY 4 caws ZnTiO,
SleassT slacSin cadse o [Vo] ACNK @ cons ANK o ,iis 90 loges (o o] p JKizo3 dilate Sliiis] glacKiw cuxdye

oS 3l yiaS Gee jo LSl LSS caums olis (&
Sl oz o Jlade cpl ogr oS L g 5,8 g kb
9 Gos o> U g o0 (Ce/Yb)n cons (bl o (Y Jgaz)
Sl Slade ol o o5 ol jaseid 1) Wee Ko g 53
ol &Sl 51V g3 5 L oS Ges 5o LSle olSiuls
ol Voo 0 5l yaS sy 0)50 Sladiged den 0 o
Gl aLi68 YL slacond jo LSl oKiul>

(BwEu* = Euy[(SmyxGdn)™] ) Eu sl (o polie
e VN L V0 oS s Sleass] e ;5 [10]
S s 3 (Baiges Gl o) Bu b (gl (o 0525 o
oy Sisdisd UYL peoly QL (Sl glaosls sl

S Olore 4 D@L S jea> Sly g 0og Lilyg 8 @

.Oiﬁdf.;_?o)édﬂa.;c

4 oad Jlxigy (REE) ol SB jolic a5 6550 o
4 o BLREE I Jawgie (Sos o {MN] copus
g9 ol (WY S8) 058 o0 00y S ! o LHREE
gy 4 aaly bl gloaasio 5| Sadaé o5
@ oad lxigy polie @iy Nl jo VY] el (il
0% S yp Cawgd S yolie Sab o [IY] adgl atigs
Olowe Bal b polie 4 s Cs 9 Ba K ol (LILE)
(o V o) 0gds g0 0030 Zr o Nb (T1 wule (HFSE) YL
LSl Sy (Siel g 0digyg,8 amin clBs a4 wlgs o aS
s REE logai ;o [VF] 05 ools cons (glo,8 atwg b
0 LaYb)y o lade [IV] Co oS 4 Cad oads g
YV USt) BREE 580 ol pan 4 oliiis] glacSin aen



YYa oo dibie o3l iz sladS,) Sl (o)

\f“ )L@r) ‘\ O)Lo.»:: ‘Y‘\ JJ?

gl 5l g s Jolmol 59,8 0,5 S 5l oad Sf3T Sl
Zr 3 Ti iie g )lomid o b e ol ike (g lin o
wle ooty tsle s Ll sl Bb g 5b
Sl bpaslis Gla gl sl 05 5 5 ool (otiSagilis
o wrge il ewle Bl oike o Wae bl 4o
(omilygd sloangs o [VA] Wad oo Th 5l e (g b
Ti lo U5 wod sly oYL gloo 5 0052 Vb Oy i3
ol egled ohg byl pais eald s 4l 5Ll
st sl o9 sl Bblpsslis lajls o yaie
Hhsyd bl (a3l Nb ine gl (o e oo LS
gy 5o sl atugy 5l onsly claleSle Gl S il 5
B Wlgioe eizen Nb i polie [VV] ol 20153
ML AL (P S )0 el (SHS Sls;
Jogas bl Sizo3 dilaie SlaassT glaciw [Y-]
Sl (Sal 53,55 » slalze ;0 Zr 4 cons (ND/Z)y
Dbl (Gl AUSE) V)] whosd a5 ollsy b
7t 5 (0 A JS5) [YY] TIO,ALO; ojmiie 5 (sl loges
2 s 250 SLadsl gain (o A JS) [YYT Y
ObS g5 e sl Wyl gl GlaassT LS oS
2o oolaiwl [YF] Zr a4 caes Z1)Y  Jloges 5l Slaass]
53 5 gl LS o slainas] glacKiw «ulul ol
5 aoplidl elo e & o (lo)B glapleS (o A JS)
K ole jl gpcute s)lmn o 9 winn 58 SI0;

78] ams e ol 1, U 5 Rb

o Seolisaga s 5 5 [15] el iy wod b eale L
s PH oo &y oy a4 ok )5 sld Jlew 0 Bu g )lxe o
it g ogmi 55 V] ofs Sy 5] S5
a0 e BLILE 51 Sus e O] adyl 4ids 4 Conn
092 0% Syp Cawgd Siw yolie 048 o0 00y LHFSE
oS5 ] ol 55 Vb S,o5 K 5 Ba St
@ Ol 50 ansS 4 Lol 059 a5 Mo 5,58 gl sy
Comd DA] (0 V JS8) aiS (0 0] 1) cute (5)lmin
e YO0 b OYR 6,28 o Sliias] glacKin o STY
Sy 4 sl PSS 55 53l syt ST
@ ol o ST gluslil el P L b bl 5 g
S 3 oab @Y aie (Biblosd oo Cute o)
Sezg ailid yaie pl 5l Sad Jf g 0 LBl o)
el 5] b bl g oSl SKiw o E5,8 (s ke
by owrn Syge Sbaaised ;0 SHY S by polie
S 3B e Jsmiel 5 )8 el gla s Sl
3 eaYL polie aSh ek 4 wad oo 00l sy ol
5B 5o S5 5l neS e ol e 4 ol 5 D55
Sl on 03008 0 STY ol s sl s onile (Sb
5 0332 owle (L 5B ,0 ML (52 Hea> Kby ol 0l
RUW D 271 IS ST SO E ST R CEL g VS
gl wlsT a4 S oal iy FeSie laged o
JSs) aimo o plis e g)lus o Zr g Nb (T1 ol

50 Azl )0 g 009 Y Fe Jedly sl)ls yolie pl (oY

10000

1000

1000

=
=
L

100 7

10 7

Sample/Primitive mantle

=
.

Sample/Chondrite

CsRbBaTh U Nb K LaCe Pb Pr St PP Nd Zr Sm Eu Ti Dy Y ¥b Lu

La Ce Pr Nd Sm Ev Gd Tb Dy Er Tm Yb Lu

gl Ll a4 ool )lonigy U S g S5z polis SlglE loged (0 5 V] CopasS 4ol gy GLREE @565 (o5l ()l ¥ s

Iz 8 ddlaie G»Lw.wi s sl [VY]



Olpl oolid G g (ol ol alone

a9k ale w0l b Y.

6 v T g |1
4 B -
L, E Within plate
Q -
=
2 e wd
Arc related
1 E . - —
E u = "= -
0 Brira b liasa oo bosaabinnalonaslasaaloaalussy
0 11 12 13 14 15 16 17 18 19 20
AL O3
[=]
{1}
)
- Continental arc
N
i / Oceanic are
1 e P
10 100 1000
Zr
50
L
40|
-
= ® Slab-drive fluids
— 30| 1
— ]
g i ]
20
=] . )
10+ Sediment melts
OIIIIlIIII!IIIIIIIIJ
0.0 0.4 0.8 1.2 1.6 2.0

Th/Nd

(Nb/Zr)

o0 W)
Within-plate rocks
0L Collision-related
- E Calc alkaline
) to peralkaline
0.1y
- Sub-duction-related
(I
10 100 1000
r
100 [<
Arc related Within plate
-
30 £
wE
E = ‘l
L |
10 I R S R W I W TUTTS AT LT
10 100 200 1000
Zr
= [S]
a4
Subduction
3‘_ enrichment
?‘: B e
2l
ﬁ "a r “gcﬁ‘- o
|
w N
S
=
= . Melt enrichment
= T T T T T
01 02 0.5 20 50 10,0

(o V] Zr a4 cos ND/Zr)y o prio 99 loges (il ulal 3 JSizo )3 ddlate Jliais] slaciw gl oSSl uss A JSb
(& Y] Zr & e Z1/Y o pniie 98 410903 (& VY] Zr @0 s Y 0 p0mie 90 L0505 (0 VY] ALO3 4 Cad TiO; 0 yuiite g0 o503

[Y#] ThNd & cos BaLa o paite 90 Jloses (z {YOINbY @ cees ThYY o piite 90 loges

S VY] 059 (gl al » (@ A JS2) [YP] 0
S s £9 sweildl Ll aiiy slacdll sl Bala
N-) oo g3 €55 glp 00 BV b iy (B-MORB) o
VO 5l G 151y sloy e sl g Ve B F 590> (MORB
GAY)Y oo ddhie Slaass] slocSiw Glp Cand ol ool
S Jlow by €iF  Sud 2 wlis a5 ooy juite FV)Y

5 msldl ple ity glacdll 5 ilgp 5l eaal

-0,8 adlate Jlaass] slaciw Wse sleSle olSials

NbY @ cous ThY opsin 90 jloges wlal 5 K
odl 8 ALLsT g Al ss anisT o alols s [YY]
sl Jlow i s slp (& A JS8) ojls 15 il
0ig)9,8 Slb Cgmy 4 dtuly (53l ,S8 g jiily 2 3l euel
390 ddbie Slaassl sl odiygl 045 4 LSl jo

oolaxwl ThNd & cas BaLa oo 90 Joged 5 oy



Y oo dibie o3l iz sladS,) Sl (o)

\f" )LQ{ ‘\ O)Lmi: ‘Y% JJ..?'

sl lsls o (6,98 ole [YA] sl 00gr i 3550 g (o]
235 g weyd VYT o)l —agl Sl 5l e ol 5158
6 Y ol (Fabailye alo)S13 Gens g5 slaldls
@l b as 1] el pbib Sas Jobee S35 s +)-
Syl Sladran [Kiz0,8 0,50 Jlow lo Lol miwles s,
g n A3 b Sl slojliln mikesiy; @l s
IKizo,8 dilaie Jlow [Lile slaools a5 ars oo lis [Y4]
b VY US8) ol adly lo )15 sla LuilS 0y o
Tr el S 6y 9 (Sab GKes sled polie ou)
ol ool pls 4 Ll & 4z o |y Jw J&2 ol
3 Jhw slaylibe JE> olol ol VA 55 s
Fo e pp SN BAL Rl Kz 0 Suxe adhaie
oS whes (S 033 hSas BT ol Jsb o ole S
(V) cwl g9 ol Oad adlsl by Lo pals Sl
b ol Jlow o (Sl 5l gisy o V) S loges
Ol 1y Bomb 6yed g Lo b (Jlw b 5L slos 9 (550
Szl g (Sab 38, sloanl 5l oS5 LS aes e
oKiwls L slac] Qilgi oo 0uS (58, Jlow o4lo Slgtran
5 olyon Y] j09, sloadl wlul 5 adl o3g 9>
= b sbylile 5 55 Sl 8 Jlw sla)libs Slojen
sla,lile Lol o YU (650 b sla Jlow 0925 55 5 @obo
sladibls o Gibsx onay Slis uly 6yed b Jlw
oSen glos el b ol Size,8 adlaie ohals oS
39 20,0 ) Jlws slojlibe 5,58 ke 5 (Sod
033 53 Al e ka8 1] (alib Sas Jolas
AJT‘SAWOAA‘SNAS‘S:L_MM‘G’GAAJJ)JAA\C" Ji.}c)S

(V) USs)

GLLNI
S plgiee JS 59 p waled g ead gl s 4 4z
Gl LdlS a1y b oy iy JSimo,d dibane l5al8 a5
s Bl ) 0l ol (Fadailye o518
2 ety ey aln gl Glaassl g
SKiw b opsd alen -V 55,0 glaawsT gl
ehals Y s g Camlog, ol (ST Slaass]

092 &,lee (z A JS8) sl (E-MORB) ooy 8 90
GLREE 651 1 F23 b AYA «(La)Yb)y el cos
PN LCe/ YN ol Cas g S yaiS 4 S 00 Hlin
aS Las o (i Vo5l S Yb Jlade ol a4 N0 b
Sl Kiw W LSl oiuls o Sio Sy a4 4,8

Syl jgas ashie gliassl

Jbw byl (w2
le g5 097 oSy il sbalibe 6w
sl wjlasl (S (@3 agil b asgill cadsl) Jlw
eor Jbw slalile st S (S8x 9 50
oais slajlae 9 b)lile Ghle 4 4z Lol
“S8 558 b ml COz jpa> i goals ged «(055ug S
S50 slaylile ojlail ais snus byl o olje sla
A oyineS 33 Sl (i b 09,5 VO LA Sgu> )
el s a4 i bylibe (3 JSK8) Cewl 9,500 Vo b
Glolile igbigo s glabe 5 355 lr wile pan
L+V) 55 5 mbe sl Jolis 55L8 99 o504 adsl b
sl 5l 8 550 ol LT el g 009y wal> L8 (90
ISz a0 A=V Vaame Lyl o mole 5l anien
V+L) ;L5 5l e 6508 90 slaJbow & jui 4 el Jlow
5 (V) S5 (535 5 85 sl Jlow 5 cule 6 0y 0
S GKes sl a4 arg LoaS opdoe o
el e Jlaixl 4 wgase olawd g Bl

BRCLINIPY P YWY
sl (wlos iy @l il $b)lile (2uuwlod i
U sla S 5 ¥ sz 5 i 0 oms akbie s o
9 e lilee ;o 2 oled —9d les sl oul 00 )51 VY L5
= olass) ol ,)F gile az 0 VAL -2 5l wle 5l o 63
b Jobeo a5 wiS o poss (0,5 il az 0 -VF S5l (VY
o den el Ss Jolee Jig deys VY-V 6400
“fan sles 5 Wb ofan e B 4 Jlo slobile
TF = slaw) o5 il ax,0 YRV B Y-V 5l Ll S
o9 led WS o s (L5 cile 4z 0 YV Sl
a0 YA U -YYY byl cpl o asad oss
O sole ax 50 YY) Sl Y = slaws) ol 5 sl
S Dyge 4 jleals Jlaw a5 aes oo lid el cpl el
a5 Sl ;o aSl w0090 NaCl jl oo LS5 oolw al, e



Olnl el (G g (ol poly alo

o3l sgle oSy b YYY

iilye,d b adlaie LSl g;.’.‘)"\-;ls 30 sz sl s
eSS gl lw b Cas 4 gye0 -Vl
Sz -A g Jhw lojlibe mmsles ) sloaisl, wluly

53 (Sekly S o) el 5 (28 (o) A 5 CondS
Azhie glo 8 alolw

S las euiS,y g, asls slacil eas
spa> B gk ny Bl g slaas (S (Sl
oS albl sla Sl o Zage) 54155 L ol yan Sl S 00,1
5 () e lSel YU bl gl Lyl 4o
Silas as Bala 3 ThY leiiw) slbcas polis

i mle 9 8 58 Kby sy 4 L g VLHV) le 51 8 (651 90 adgl Jhow sl )Liles 51 5 9%wg S0 pglas & SO

sbo: Th o old <98 slos Thice) -\ JXz0 8 Sase dihaie jo msbe 5l 8 (63Bg0 adsl Jlow sl Lol rwles s, slosls ¥ Jgua

ozl gled Tice 5 2 w90 s lod : T el (S350

S Ken g5 (Wt%NaCl) ¢ 5.5 T ®C | T ®C | T O0C | wm Jlw Like o3l Th
LV—L g v YA -av Ve Y4
LV—L Yoxy vy vy 04 Ve YYA
LV—L Y-f ovey AN sy Ve YYF
LV L Y. f0 - VY -$A A YYA
LV L VEYF - SAYF -of A YYEA
LV L VAA- v BN - V0 v¥q
LV L YV SA - -4 - VY YYAD
LV—L V45 - S\sY - Ve YY)y
LV—L Vava -vo )f - Ve YYV
LV—L 5 YA -sX -OA Ve iy
LV—L g - YA - Ve vy
LV L V4F0 - Yy - A YEY
LV L 14,4 - “\OA - y v
LV L V048 V¥ -\Y -$Y V0 YO
LV L Va8 vy SVEY -5¥ 0 Yrs
LV—L VA - YN -OA Ve YEY
LV—L VAFY - S\FA - Ve Yre
LV—L V4,01 - ma - A YYo,0
LV—L VEYA -vf SAYA - YY)
LV L Ve vy -vs vy -0A \ YO
LV L a5 - X sy Ve TeY
LV L VY va - f - Ve Y
LV L Va5 -YY S\EY - 0 \An%
LV—L Y. AY - SIA - V0 YT




Yy

\f" )Le:g s\ O)Lo.«::: sv% JJ&

Frequency

-20

-10 0

Frequency

1

0

210

220 230 240 250

slap)lss » abe 5l (38 658 55 adsl Jhow lalile ln (2) 519 4,5 5 () (SudFen slos @ cond SFlsl 3 loged Ve JSb

Homogenization temperature (°C)

400

L S S 00 (o)
2004 . e AN
100
\':.';,
0 10 20 30
Salinity (wt% NaCl equiv.)
Temperature of boiling (°C)
u1 00 150 200 250 300
400
B
= 800
]
2
1200
1600

Homogenization temperature (°C)

Ji> ° )3 aglaio
800
(n
0(*?-"“ Skarn Porphyry
600 &\ep‘
P v g Sn-W
600 .1~ Epithermal
I ) - C- “‘-\]\’.
| e u’i"‘“o
200 e 3
MV
0 Kuroko K
0 20 40 60 80
Salinity (wt% NaCl equiv.)
Heating/ ()
Depressurization

Homogenization temperature (°C)

Isothermal
mixing

fluid dilution

!

< . » Isothermal
/l\ mixing

Cooling/
Pressurization

Surface Boiling

Salinity (wt% NaCl equiv.)

Ol bl p a8 [YA] Giliee slajludls jo Jlw slajlile slp (s)9d & Cond (SaboSen slod oyuite g0 jloge (Gl W) JSb
e Gopd @ S (FAKen sl ot 93 gl (@) ks 13 gl pBS oS s Kize s adlate Jlw sla)libe
wbad o Jlw slaylile Joone slassy, sl Giales () - [VA] ba)lsbs (S (s 12 (oms 2 0090 @be 3l (58 536 93 slajlle
s (555,50 (b (FadGad; 5 (Sl anylf eatnolas a8 [YA] Jlw (555,50 cilizee oy lp 5l ool (SasoSen slos —5,5
D] b sl liloo s (00 slod ulol  JSize )8 0255 S Gos 95152 () sl JSizo 3 (Soame dilats ;o oo S



Olnl (ol G 5 (ool oy almo

sgrele (e Sl (S YY'f

oaijle whblprin 5 olly 5l imes (GBS a5l
RIS SIPTESIRERSRN

&l
[1] Alavi M., Tectonic map of the Middle East:

Scale 1:5,000,000", Geological Survey of Iran

(1991).
[2] Ghorbani M., Economic Geology of Irans

Mineral and Natural Resources, Arian Zamin

publications (2007) 1-515.

[3] Nabatian G., Giang S.Y., Honarmand M.,
Neubauer F., "Zircon U-Pb ages, geochemical and
Sr-Nd-Pb-Hf isotopic constraints on petrogenesis
of the Tarom-Olya pluton, Alborz magmatic belt",
Lithos 244 (2016) 43-58.

[4] Verdel C., Wernicke B. P., Hassanzadeh J.,
Guest B., "4 Paleogene extensional arc flare-up in
Iran", Tectonics 30 (2011) 1-20.

[5] Agard P., Omrani J., Jolivet L., Whitechurch
H., Vrielynck B., Spakman W., Monie P., Meyer
B., Wortel R., "Zagros orogeny: a subduction-
dominated process”, Geological Magazine 148
(2011) 692-725.

[6] Asiabanha A., Foden, J., "Post-collisional
transition from an extensional volcanosedimentary
basin to a continental arc in the Alborz Ranges,
North of Iran ”,. Lithos 148 (2012) 98-111.

[7] Le Bas M. J., Le Maitre R. W., Streckeisen A.,

Zanettin B., 4 chemical classification of volcanic
rocks based on the the total alkali-silica diagram

Journal of Petrology 27 (1986) 745-750.
[8] Winchester J. A., Floyd P. A., Geochemical

discrimination of different magma series and their
differentiation pro-textures and setting of VMS
mineralization in the Pilbara ducts using immobile

elements ; Chemical Geology 20 (1977) 325-344.
[9] Peccerillo A., Taylor S. R., Geochemistry of

Eocene calc-alkaline volcanic rocks from the

Kastamonu area, Northern Turkey; Contributions

to Mineralogy and Petrology 58 (1976) 63-81.
[10] Shand S. J., Eruptive rocks, their genesis,

composition, classification and their relation to

el

5hasle iog cnl 5l edel Caws a5 glis o yiege

o oSS (B o Jlal 5 Jels) oliig,e oliasls )
locuilal o a4y (S e 5 Cadid b (oS o

Jled) JKiz0 8 5laS) g9 0,053 (CuisS 5 Cudlan (o g5
9 Sy eyl (S15) SlaawsT glacin )3 (g3 o2
ool C) (gy 6[&&.«» u.,uﬁy ndy) 6)‘5—‘)‘)" 9 (M‘é
ke 5 Setekagn g o Seb3yl sl Sl S <Y
5 ComdS la8l S cals oAl leds, el
slcdl as Shals ol e boalbl ) ege 35)lsS
A Gbles LS o JIB glad

Oleje index &5 wad oo (i Jlw slajlileo (o) T
B slads) (hyS (b S g aee JSg5le pads e b
| Jio o)§ 03 Lg)L..:

Ol [, 13l glaas) JSas (b sz oagay olas, -F
5 e 5 o Jlow sloslilbn zan 57 sonl b
Slans CondS 5 Gayshin, PSS e (b ln Gl
Dgad el

L;bla 9 09 U"‘Aﬁ'ﬂ)" Jiocﬁ oﬁ.}& ‘S:L...M'] ﬁ_f_;”o
2 098 s gl d b YL ey LS Sol Coale
5 oihes gy b blo)l b S ol Gl Ol
L85 L oy lo,B8 g 5l SlaassT LSy b S
JKizo 8 ddhio ;o olials a5 aas o las el ol -F
Oomb (Foadandlsn olbS1E pBS ) call op iy
rhw py e Yoo sgus (SliaslS Ges g yeS 5 oLl
oy

5 gk o Jbo sbisls 5l Al BWS
ool 4 aS ooy Io a5 dueg,l oRiily  LeoSS SMazs

-0 el Siglae (pl dghune I 1) 093 SiS JleST alwg



YO oo dibie o3l iz sladS,) Sl (o)

\f“ )LQ{ ‘\ O)Lmi: ‘Y% JJ..?'

straddling the Asthenosphere-Lithosphere
boundary ; Lithos 102 (2008) 295-315.

[19] Sillitoe R. H., Hedenquist J. W., Linkages

between settings,  ore-fluid
compositions and epithermal precious metal

volcano-tectonic

deposits ; Society of Economic Geologists, Special
Publication 10 (2003) 315-343.
[20] Walker J. A., Patino L. C., Carr M. J,

Feigenson M. D., Slab control over HFSE

depletions in central Nicaragua”™ Earth and

Planetary Science Letters 192 (2001) 535-543.

[21] Thieblemont D., Tegyey M., Geochemical
discrimination of differentiated magmatic rocks
attesting for the variable origin and tectonic
setting of calc-alkaline magmas Comptes Rendus
De L Academie Des Sciences Serie II 319 (1994)
87-94.

[22] Muller D., Groves D.I., Potassic igneous

rocks and associated gold copper mineralization ;
Springer Verlage (1997) 241 p.

[23] Le Maitre R.W., 4 Classification of igneous
rocks and Glossary of Terms (IUGS):
Recommendations of the IUGS Subcommission on
the Systematics of igneous rocks, Blackwell,

Oxford (1989) 193 p.
[24] Pearce J. A., Role of the sub-continental

lithosphere in magma genesis at active continental
margins ; In: Hawkesworth, C. J., Norry M. j.,
(Eds.,) Continental Basalts and Mantle Xenoliths,
Shiva, Nantwish (1983) 230-249.

[25] Stern R. J., Subduction zones ; Reviews of

Geophysics 40 (2002) 1012-1054.
[26] McCulloch M. T., Gamble J. A,

Geochemical and geodynamical constraints on
subduction zone magmatism ; Earth and Planetary

Science Letters 102 (1991) 358-374.
[27] Wood D. A., The application of a Th-Hf-Ta
diagram to problems of tectonomagmatic classi-

fication and to establishing the nature of crustal
contamination of basaltic lavas of the british

ore deposits’, 3rd edition, Hafner, New York

(1947) 1-448.

[11] Boynton W. V., Cosmochemistry of the rare
earth elements, Meteorite studies”, In: P.
Henderson (Editor), Rare Earth FElement
Geochemistry. Elsevier, Amsterdam (1984) 63-
114.

[12] Gill R,
Wiley-Blackwell, New Jersey (2010) 1-428.
[13] Sun S. S., McDonough W. F., Chemical and

isotope  systematics  of  oceanic
Implications  for mantle composition and

Igneous rocks and processes,

basalts:

processes”, In: Magmatism in the Ocean, Basins ;

(Eds. Saunders A. D., Norry M. J.,) special
publications Geological Society, London 42 (1989)
313-345.

[14] Maniar P. D., Piccoli P. M.,

discrimination of granitoids | Geological Society
of America Bulletin 101(1989) 635-643.

[15] Graupner T., Muhlbach C., Schwarz-
Schampera U., Henjes-Kunst F., Melcher F.,

Terblanche H., Mineralogy of high-field-
strength elements (Y, Nb, REE) in the world-class
Vergenoeg fluorite deposit, South Afirica; Ore

Geology Reviews 64 (2014) 583-601.
[16] Tepper J. H., Nelson B. K., Bergantz G. W.,
Petrology of the Chilliwack

batholith, North Cascades, Washington:
Generation of calc-alkaline granitoids by melting

"Tectonic

Irving A. J,

of mafic lower crust with variable water fugacity’,

Contributions to Mineralogy and Petrology 113
(1993) 333-351.
[17] Abedini A., Calagari A.A., Naseri H.,

Mineralization and REE  geochemistry of

hydrothermal quartz and calcite of Helmesi vein-
type copper deposite, NW Iran; Neues Jahrbuch

fur Geologie und Palaontologie Abhandlungen 281
(2016) 123-134.
[18] Peters T. J., Menzies M., Thirwall M., Kyle

P., Zuni-Bandera volcanism, Rio Grande, USA —

melt formation in garnet- and spinel facies mantle



Olnl (ol G 5 (ool oy almo

yeele eshle Sl (S8 Yv'§

[29] Wilkinson  J. 1., "Fluid inclusions in
hydrothermal ore deposits", Lithos 55 (2001) 229-
272.

[30] Roedder E., "Fluid Inclusions"”, Reviews in
Mineralogy 12 (1984) 1-646.

[31] Haas J. L., The effect of salinity on the

maximum thermal gradient of a hydrothermal

system in  hydrostatic pressure, Economic
Geology 66 (1971) 940-946.

Tertiary volcanic province, Earth and Planetary

Science Letters 50 (1980) 11-30.

[28] Valenza K., Moritz R., Mouttaqi A.,
Fontignie D. and Sharp Z., "Vein and Karst barite
deposits,” in the western Jebilet of Morocco: Fluid
inclusion and isotope (S, O, Sr) evidence for
regional fluid mixing related to central Atlantic
Rifting", Economic Geology 95 (2000) 587-606.



