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Abstract: Copper-bearing skarn zone in east of Sungun-Chay river is
located about 100 km NE of Tabriz, and was developed along the contact of
the mineralized porphyry granitoid stock (Oligo-Miocene) with impure
carbonate rocks (Upper Cretaceous). Both endoskarn and exoskarn occurred
in this zone. Endoskarn is narrow (~0.5-2m) whereas exoskarn is relatively
broad (25-55m) and contains minerals such as calc-silicates (grandite,
diopside-hedenbergite, tremolite-actinolite, epidote), silicates (quartz,
chlorite, and clays), sulfides (pyrite, chalcopyrite, sphalerite, galena,
bornite), oxides (magnetite, hematite), and carbonates (calcite, ankerite).
Skarnification processes occurred in two distinct stages, including
progradation and retrogradation. Calculations of chemical index of alteration
(CIA) indicate that the exoskarn underwent metasomatic alteration within
the range of 8.41% to 57.29%. Analysis studies of mass changes of
elements, on the basis of Nb (as a monitor immobile element), indicate that
considerable amounts of elements such as Fe, Si, Mg, S, Cu, Pb, and Zn
were added to the skarn system by hydrothermal fluids from the side of
pluton, while substantial amounts of Ca was leached out of the system. The
overall obtained results show that elements such as Fe, Si, and Mg were
introduced into the skarn system by metasomatizing fluids during both
progradatian and retrogradatian stages whereas the ore-forming elements
such as Cu, Pb, Zn, and S were added to the system mainly during retrograde
stage. The inharmonious mass increase of Al and portion of mass changes of
Si are due to the local variations of pelitic impurities within the carbonate
rocks (as protolith).

Keywords: Exoskarn; Chemical index of alteration; Mass changes;
Skarnification; Sungun.


http://ijcm.ir/article-1-704-en.html

[ §T-20-5202 uo Jrwoli wouy papeojumo( |


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

YoF BOAR domio 5lAD ol g )l ) b)les o

B 5 (galidn ISl (sloassl ) o yolie PIT y3S (o)
Olrl 5 Grddled «sly —gKgm ails-sy,

v PR FROUWES - I “5;.3.:.3[; ‘;p.mgglf)lf ol e

fﬁ‘o}/‘ffw ,Lr‘)_,ﬁo&«-!/.) ‘Lf"""bﬁ}—ko Cisls “_;M-’L-wu.w) oj)f_ ’

OYATNYIY les asens cdlps AYAFN +/) + allie il o)

Gridled sl Ve y0 islr = sgm Aoy 35 o (Sl Gg) oS
b (geesSd) Wil 5l 5 sdy Sotal ren sl )3 5 358 13 555
5 o Solsl o (355 ol o el 42y i (YL 4 S) AL Gl (glacSin
S35 a0 o e ¥ o) ol oy Selyal el o0ls 5 o SlyS o
e (ol )F) Wl SIS GLdlS 1 g cenl Ge 0O L YO) A ,e L
Wy 5 oS 5155 Bl (Copom wdmppss sy ~Edyas s ita
5 (Coled (oiiBe) oSt ((Sudygr (I8 wlg Jlanl wo 0 sSIE (g y) bodlgu
AUy 99 50 (gl Sl laailp cunl oad LSCas (20,880 nndS) sl S
(CIA) ls,5s st adls Slasle ailosls &, v 5l 1oz g 0y g 0d3g i
TOVYA I TASY sgam j0 ool So Slu S Sigsiiws o, Sulgi8T g5 a5 aas so lid
(S U yae plsie ) ND Gulol 5 polie oz Slsi Glo gy ol 00
dwg 4 ZNn 4 Pb, Cu, S, Mg, Si, Fe ,ole ;| glaba>de LB polie a5 aas oo lis
J s B8 polie i 5 5 s Lol ISl i &1 iy ol shas L
aS aued o Hlis sdel Cawd 4 bl sl 00,5 550 500l w5l g 4t CA paie
ouiS olgi T (slaisld Aoy 4y oig 5 oy ytay Al 50 52,0 MG, S, Fe ol
>, ;08 3 CU, Pb, Zn Jie 5lu S5 jolie aS5 50 10 oud 5y 50) piasw o)l
dawly 4 Sl pss 5l casu 5 Al gjeeb pym ial58l .aloads aBlol g 4 0059 yuus

el o33 (g olsie 4) 8 SaSin 5 ) sba gl s 51y

‘u}..w&.au)&u/ > L.JL..M ‘Lf’[“’)f‘) LT’L'“"""' u..fd.u/ ‘uj&“/ﬁ)f/ :‘5..\:.15 ‘51.903‘5
C35ig


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

V4 e g5t ) Sl Lol s )0 yolie p oy sl (o)

dode

Ely 325 30 Jlod (g eghS Ver dgam o sl - (50gm Bog, 3,0 (T g5
b 5l S Gos o ol gloosy Syl Jold am 4o o5 ol (18USE) Consl 00
(oolidirey Slams 59, Glosde Sl ol 0l JSa5 (alBL wily S sla S
[Y] G2 5 001y 3555 5 [V] pols Lawgs alaie ol o (Lo )5 5 (oulid I (bt S
SlosSo 5 ulids I sleeShs Joadi 4 [Y] ool o 5 @SN el 48,5 &0
e o 1y polie oy s [F] G150 ailosls 1,8 aslllas 550 1, oSl ol Sles 570
Srdrm oo Sl Glie) Sle S sl Sl jo Gile B Sle S ik
3 polie gy i 820 (ogas ;o sladdllas (eSGCaslools I3 aslllae 3550 (959
Soge St 0Pem alBg, 30 Sl o) 5 GeenlSeds )Rl slaanl g Jsb
Lol bloyl g Olass pl egos 9 e 5l grola Los Sledlbl jlilgs cpl ol a8 55
aos o a3l gle S ol e

BLREY)

3 Sl (6,10 paiged 5 (Sl (95 5l (owlid e 488 A5 Jold plye a8
Olls ) o o5 )8l 155 oye 5o (SKy, SKy, SKs, SKu) ialery Sz semme
15 diges Ve olaw o3 laEin gl 5l e (ODUSE) ol 48,5 & g0 VWAY
D9y 4 bl polie aiad Ol glerd S sl ek ob Gulen Glo s
(Inductively ICP-ES 5, & JSj= 5 £ polic 3 (XRF) X g5, Jlo,sisld
5 (Olye8) HeiS owlidme; lejles 5o Coupled Plasma Emission Spectrometry)
slo eS80 olRaslesl ,o (AAS) o3l Gds> iwiads by, 4 CU 5 ZN, P ol
O Jguz) wilazd 5 )13 5T 5 j50 () Glal e

lidire;

L5l S slahls Sgal e 550 shaial o slr = (509w a3, 3,8 (38l (55
rseesSll s 4y Lo Sl LB Syial ol ail arwy LBl Sl slaKis
225 S5 U Caym0gil,S CudgsaiilsS oogae po S Ll g [P g 0] eon
Olsd sla KiuSls 5, 5 o KiuSh sol> g 09 Hlu, 5 Tuad Sgul cpl [V] w5
[7 5 8] ceoWl 4l s 2 (3,50l 195 Qo) LAIEL (Sl (slaSiw [A 5 V] o
S 5eS polie olyen 4y (onlS S5 (Mo g 0390 (S L 5 Sden (Sujelend LS 5l
Slsls loge polie aiiws 05 GlalS 5 Koo w0 S slajlowadd 35,155 ¢
3 oS sy &jgo 4y g conl Dglaie aliee sla 38l o (LAllBU lgie ay) aliy ST
g o ool (pyle 5 SelyT Bl S i Seoge wiile wiliy S glacKins


http://ijcm.ir/article-1-704-en.html

0313 ya ¢ Sosle (5 IS Vay

[ Downloaded from ijem.ir on 2025-07-15]

—1B

Legend

Late Tertiary-Quaternary ©
volcanics

E Dike series DK4
[ oo

Skarn zone

Murtle aurecis
Matasamatic and thermal)
sureole

Oligo-Miocens mineenliznd 1
porplvyry stock

Qligo-Miocens barren:
porplyry stocks

=
S ——
I_I Upper Cretaceous |

L

0,0 adlaio ‘swlﬂdu-a.d) Al (b ( [D] Py Ao )l wLJ:‘%‘) stLa.wu.».o) 4.»3[._:’ )t".."" RS (a \J.i.::
S oolie b (5]


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

yay e g5t ) Sl Lol s )0 yolie p oy sl (o)

8 55 ouyeye 5 Sl (95 slaaigad ;3 S 5 (2 slol polie aliord oLl N Jgar
O)"‘" 5 (SK4, SK2 GLQJM) u)li..J E)Q CE (S e Do) 9 (SKl, SK3 le.ﬁ}».w.a) u)l.iwl

Sl —(9Sg &l

50-100m south of

Skarn valley

Skarn valley

Samp'e | 2 Skl-l Sk1-3C Sk1-5 Sk1-6 Skl-B Sk3'6 Mal’ly Sk2-5 Skz-s Sk4'4b Sk2-8
limestone

<om 'Ym y-m yom yom 6-m ym Y-m om Y-m

Distance >\18-m

% Metaso. Metaso. Metaso. Metaso. Metaso. Metaso. Unaltered Metaso. Metaso. Metaso. Bimeta.
SiO, YOFA YEONY O YESY  YYEe YOVY  YOYF YY YO VAXY  FAYE VEMY VEWY

Al,O3 (RN 0\ ¢ e Y¥Y O Vese AY)S £AY YYS O YVY V50 VYA
Fe,O5  Y-XY  OFYY  YAVY AAFY V&0 VEYD YYf YWAY Yo XA O NRA T
MgO Y. IR INRA% \na YYY VY YN Yo% FAN 7 Vo
CaO YYAY  90F  YOeY YOS YY) YaA YAAY VP YYAY XY OANY
Na,O n.d. n.d. n.d. n.d. n.d. n.d. VY n.d. n.d. n.d. n.d.
K20 oY n.d. n.d. n.d. e \Fa «1OA n.d. n.d. n.d. n.d.
MnO SNA L) < YA -¥a e - oA ) Al .04 -y
P,Os - fo - ¥a Y o f . f. g 4 .9 ). B v
TiO, - fY B4 CNY oo A Y oy . ¥a A LYY N LvE
SO; \ VY YA8 VA e VY XY Y YEAY  -AY  YOVF .Y
L.O.1 Y ¥ n.d. Yeq o YARA YAV NeNY YOAY FYY O NV YA VA8
%
Pb N F o). el ce\Y RS ceep BIRRS o o oeeY £,00 ceef
Zn Y4 A CeY <0 oeeq ooy ceeF RN ed BERY 7NN BEREY
Cu SAAD Y FYE c e ehad ey ey AR\ A Y & ¢ N O SRR
ppm
Mo INZ4 <o <o i \hi VY i < /4 <\ V0
As VY 12 va vy VY N f Q¥ Y VFE 1)
Ba VoY VYA §e 4 £ VoY YA Vs f- £ VY
Co £5 VWA YA ' VA VY0 vy £00 Q5 WAE FA
Cr oY #f - OA As e Y YA qy TY I
Ga TY £ Y4 Yo Y4 T\ q Y4 4 14 \e
Li \V'd YV of YA 4 <A YA £,Y A Y0 v
Ni YA ) I £ £ Y- Y- Syeee YO o Yf
Sr FAY Vg TYF Yy ove £V £AY YA \$e £F VO
Sc 4 A £ Y 4 4 A ) A f v
Sn VY 4 q A ) \ \ 4 Y Y \
Nb AA #¥ ¥ A YA VEY £\ VY £.0 £,Y 2\
\VJ a4 v of £ v\ YA fA 00 of Ty fY
Y \ A Y\ Y- \Y q \ A \ V0 1
Yb \ v Y Y \ \ \ Y \ Y \


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

Ol (395
= O A9, 3p8 )3 951 e g gl Sjge e Syl g9 5l Sl S Sle S
) aleslS s> 5 5 (e ¥ o) anils a8 cusbiud o Kealgail sl o0l &, sl
P55 5 OSls ST Cualns 098 e atine CodS 5 CdeiiST - Cudge i iDganl b
(ol ) <o )8 Glesls Jols o) Sulg ;ST gy ] e o OO L YO 5l 4 oL
(EdgisST - Sudgey «oganl) ol wllaw SIS (Cujmon = Sn920) aSg
5 B ol co s a ) Sadlg (o) Sk ol 5)198) il
ol (20,50 g S Wl )5 5 (euilon 5 cuiiSe) danST (e g

Censl 0, 8lg 331 (i 50 o g0 Sl SIS SIS 0 5 a3l 5 (et <5
095 o 33 Sy Jloge SlpiS (lime )15 985 095 ol slaaises (pole 3 Loy
Sl 95 GFLAGE CFgn 5 Osh coS F Sl Wiz o Cul ety Jlw
Yoo G55 0l 59 eSTsm & S5 S 05 YU JS 5o Jg [+ 58] w5 n S5
2 0 Slg35T g3 TINV] el oigds il sloo L g cygisly imleST s b bl o
Wog, lacendS o> i 45 edd gpepe dla S Alwy & gy Ceoms
SlelS lla pl 3 s e Sgame ol 5  Setadlgil,S il b (a0 A I D+)
I sl po fiie bawgie U ) Sjgo (o 5 1SS (Dgagl (puSg (238
Ol (Bl g WbdSE laem)p ailond LSS ol S 0 (om) slaallBU
Ao 93 ol sl —0sSgm BBy, §p0 )0 el Sl anlp oS ses o
Ayo 5 90 4 oNgpien dl>pe s ma 5l Mg edgis 5 ool
2593 & oigrm Ao g wodigpin oledSs Sl Se g bl ole S - (S5 S0
31 GLAS (S 95w Sn (Sl 32 Vg o0 ol (g 09y 9 iy B9y A 1o
Sl 5 o iy Ao )3 (S35 5 S5 Ol G Wl SIS o IS o5
S5 odigpy Al ye 30 Sl csimnS] cgonilon @lSil (o] Wil SIS
5 Sl slo 15 g T gy Sk SIS (sla SIS oy cpntily (glaciil agmg iloas
1505) ] gl GlSuka SIS gla IS (sla SraSs B slalad sans , bl
S ol G5 S (S g5 5 LG, )0 (0T 5 Gilgn (loazS) 3y 5 oz
Sl s SIS 6lelS ol yod 4y pady gy S, Ts Al ye b o Sedle sleils
5 B slalab g o Sasls Ay 4 bl Glodls gl ilazdly axwg 5 LS5 ]
Jolsd o SGile o S5 (Sl wilons ]S ©f oy Al SIS SleeslS oS 5
55 Conl oMo BB (015351 59,0 ) T 51 5500 e Yo L 5 (S pmed 5y 0o
Sy g olo aled Y] ams o lis pals Gud a Ll jlade 3,90 Jolsd
Sl 59 - 55 55 slapygy 2L degerme 5 LAllBL Slo)S ol Sew Sl


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

Y40 e g5t ) Sl Lol s )0 yolie p oy sl (o)

o J..i»u Q)&w‘ [\Y]dbLu—‘ LSM p.....,...a.' wLw‘ » 45 MQLSA UL“'“" \JLQH )fo 9 ‘Stl.:.w_v‘
el )8l SedS 298 51 (Sl =095 g &ilB09, (5,0 50
Ol $o (gtliand (a3ld g yolic oy pudd Llone
9 axwgs 033050 5 Ol )5S Glestnpn ;3 yolic pi2 i dule sl g3ante Slooged
rais 5 VY] 05 a5l Giss DY o )5:58 (39, 151wl Ll Ao 5l a8 asdly JulSS
TARIPTA PN AR SN AR A g & S 4 S S TR RS L SRV SRR AR T RTA I e S

2 gl Bl b b e pleedgl) Glaanlp a oltws Gl (omyp a0
S V] oS olie o2 oS mlone candshy sy Sl esly ~5Sism B3, G5y
Jyiol 005 53Lil a5 (1) 5 (S gzt 455518 (V) oS s b i (1) (slive
el o0l 4.»3; 0y ol

WIS 5 o oo gleasls Jsboo Al Zr, Nb, Ti asle s,obe
O ND jae 5wl a3 L o awslie sl Sw flaie a4 wiload S5 555,50
oSl 5 oty o (Sab 5i51E S Ll B S iy e e

(Soi & ,556) (E.F) = 1000 ;0 NDpaie Jlol 8 5Kl diges ;o ND paie Jlgl )3
(00 5kusl oS 5) (R.C) = 5,500l diges )5 yaie gaunST oS 5 Jlgl 8 x EL F,

L (s Y Jglaz) o apulne 5 dlal, 5 Il yolie o> s

ez 73) (M.C) = R.C— soyo po paie Jlgl,8

i, 5l ;5 (Chemical Index of Alteration) ;L. 5o olewd esls dulxe glp
[0 5 V] ws oolaal )

o5 olenss 2L (CIA) = [AlL,O5/AlLO5+ CaO+ Na,O+ K,0] x 100

30 5l @t glediges o olie s> o Ol ool Cews 4 =l
Sladiges o5 was oo (LS (e S 5 o2 5 Sladl o3l 55 - 595,59) (SKo8
Cawd 311y 093 Ca yaie (S ,0 jeye 4 s (SKo-5, SK;-6, SK4-4b) S0l (5
(Y Jg92) el (N2, K) Lo JISI 5 3laite py2 Oliss Glime o eS (VD JS3) wilosls
b baiged &k ;5 (SK2-D) (5yme jyo & S0 Aigad o (2alS iz ke iz SIO;


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

JIs @ plgiee 1) Gl al Al gy S @ azg b (VD JS2) ses e ol
b) clalimdle LB pyr Lialsdl FE2035 condls Codginy 1o my a3l e &l i
50 3l Gye Ve dlols K MQO s> (Y CUSE) ans o olis ladigas 25T 30 (LYY sga>
Cu, Zn, ,ole (V€ JS2) oo 205 (52 ke 4y iy Jolsd ;o 5 (Ralidl (5 peen
Y aS Jolsd o siiey CU (Y Jgoz) wlasls o, il 5,500 5e; 4o S Pb, S
SPb,Zn g (YiJSs) o Vol jeS Jolgd jo an CU o Pb, ZNn o (Vi JSs) e
(VR 5Yg Jah wapspo las ozrss BB ooz Glali¥l e 550 5l 5500 VO Jolsd
s b jpam dauls 4 6,20 V0 dlols o (VF JS2) S olem 4 P 5 ZN iyl58l
G2 sy 3l gy VAol 3 S eliem 4y CU (l3dl 55 5 o Jlanl 5 5 Sleals
,» Cu, Zn, Pb, S, Mg, Fe, Si ,ole J5 o .cosl Co,msSIS jpa> dauly 4 i
@ b yae ool 0 (2la)S sloo Ll Alwg & 0y 5 oigpdn i SO (Sl S Ul
sl 65,57 550 95w 4 plaaan 5l g 00 4l €A blie jo g ciads adlsl Il g
45 SKy 5 SKz (slo s 13 (S8l 1g) Glidee slaaised (28 5 Lol Glizl o2 sesd Ydsor
it ,3S=EF. w0ud 65l S 5 sR.C. ailonds apasloms ND oS i 1 232 bl

R.C. M.C. % R.C. M.C. % R.C. M.C. %
Sk2'5 Sk2'5 Sk2'6 Sk2'6 Sk4'4b Sk4'4b

Distance mY mY m) - mh - m)e mbe
Sio, TR -\ v Y A8 VoLV Y& ANA
Al,O3 Y, AA Y& £-9 VAA YV - f4
Fe,0; YVAY A% YN E VY- f ARE YY Y
MgO ANA \FY Ny \f\dd \ VY - 5f
CaO V-0 -FOY0 YOAA -F5fY Yy -V f-
Nazo oo e o oo oY o)
K20 oo oo oo oY o0
MnO REL) AL - FA .Yy - AV < FA
P,0Os oo A —o AN A BTN By <
TiO, cNF - N¥ AN 00 CNF 0¥
SO, YYAY YY$5 - Fe XY FY/NO fY)4

Pb e e o ofen Ve vy N4

Zn Y Y o) Yq,-¥ YA

Cu N % i -4 - FA s .Y
Total Af VN -14,¥4 Yy AN VEAF fASE
E.F. - A¥Y < AYA ) FoY



http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

\ay w5l Sl slaal 3 5o jolic oy s (o) 2

A Tm 1om 15m aom L m 10m 15 30m
3‘ s] @ £ 4]
8 8 -
T 21 b
.& e
. |‘| i U
- @ 10
g = — g 04— o — ,
1 L — 10 Mintin
Sk3B  Bka'6  Sky-db  Sk;8 BkpS Sk Sk-db  Sk;-0
7m 10m 16m £ ™m 1om 15m 20m
& ? 3
ga. (b) i'; (a)
7
1 H 2 s
g o 1 ||| SO 0 s 3
M @ t -
34- § 1 A
2 M tim -l : arbie
Ska-8  Sk;¥  Skdd B8 Ska6  Bkp® Siy-ab S0
& ™ 10m 15m 30m ; ™ 10m Em 30m
2 ao
g1 (e € 0| (M
& 291 E
T s im
K =)
[ 8 10 4 * 104
® 8
s o v - ; o R p— "
- 5 M sy 24 Mot
Sky-5 $;-6  Sk-db Sk, -8 Sy B Shky 5 Sy -ab Sky0
. Olg8 WS el Sas 7m w0m 15m 20m
12
5 3- 2 2 T wohord 510- )
i o 5
3 oo @ 33
E ] B o
140 & &l
1w: 5 a = r—1
3 ) = Y Waitis
e tom  1im  3om Sk; 8 Sk 6  SkAb  Sk-0
P I Wi 15m 0w
e
§ N (e)
x
3 24
i
: 1- D
R T
[rve

-1
2lgp 5o T8 5B e o THy B BB 59) (5,5l (95 (slotigns yo polic o2 ks ¥ S
(i) Cu, (h) Zn, (g) Pb, (f) S, (€) Mg, (d) Ca, (c) Fe, (. SKs 5 SKp s Jsb ;3 (olats]
b) Al (a) Si


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

a5 SKy3  SKy (sl js ;0 ()50l 95 alisee sladiged o3 5 Lol lizl pra pds Ysax
it Sl sEF. wond giloil oS5 “R.C. lond arloes ND S ymte 2 e52 Lol

£y s =M.C. ( Sus

M.C. M.C. M.C. M.C.
0, 0,
R.C. % R.C. % R.C. % R.C. % R.C. M.C.% R.C. M.C.%
ski-1 sky-1 skj-3c skj-3c ski-5  ski-5 ski-6 ski-6 ski-8 sk;-8 sks-6  Ski-6
Distance m- 6 myy my. myo myo mo-

Si0, YOFF VYT YYYS  0FL  SYYA FFLA YARA V-NF VAL - VY AYLF sV
ALO; YY 800  YEE o FF NNV AR YYA AV AFY YAR SYS feY
Fe,O5 VEVY V-0 0VOF FYEY  YRAY  YOAY YV MASY VA YVA O SVY Y
MgO YN8 YA FAS YAR  QFr YOF A\¥F eAY 108 YA VY .0

Ca0 52 -00F% AAF  —SYFA FHF) SYOVA ToX) SEYLA XYY -0%,.Y 15F1 -aFA-
Na,O <)Y -\ o e oY A T SRS LR S

K,0 ey o N e oY e RS SRR el —epe - N
MNO  “AY = ¥F  AA XY oY eYY ¥ = NF N0 S YF A oY

=3 MY { SRR SRS SRS S ) ¢ L L S S S SRR RN o Y o
TiO, hs e A C NPy S A RO SR ITS SERETH 7 N 7 Y A oY

SO WYY AN YAR  YEA V0 FAY X0 o cAD S AY e

Pb N e o e e e TS SR cpee—epe e =
Zn S e o e oY A T SRS LR S

Cu -V e o e < AA CAY ey < .04 clee e

Total #3306 -Y33AA A0 fF -FOF A\VYAPY YASZY ADAY \FNY fYYZ oY VA fEFY 0004
E.F. < #AY <AFA \,va¥ R7NAR < fvy Natd

oy 4 Coms SKz g SKigle e 5,500 g5 sladises jo (N2, K) o JISIT

ols b (SI02) ks (¥ Jg02) wims o5 ylid g8 b6 pyz> s ( SKp-84igai)
w0 Qs py el g d 4 dey Jelgd y0 gy Lol (e el 6% YO
ol Slais Jg axsls py Gl by ol sladiges oles o ALOs (¥ aSs)
Gadiges ol o FE03 (P JS2) ceul (gloind SalS aSh o958 Siloionn
Ve delsd o of Gl Iy aespe i (glabimdle BBl e jes 0l 5o (51
Of e (LB walsd (F CSE) conl Sz sl e 5y 5l g0 YO I
Gl gy o idn (pl 50 Sy g CuiRe | labimde LB jeax 4 iliEl plas el
Lk o (VO JSCs) axsls agads (alS o0 o Cond (5l (sladiges oles ;5 CAO <32


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

VY44 e g5t ) Sl Lol s )0 yolie p oy sl (o)

Sl s 5l e )5 (sloo )Lt By ay 0ig e 5 0 piay (36 5 ool b
U oz il et 0 3l yie Yo b Ve Lolsd 5o MO 32 sl ond )5
oyl a5 (7 FUSD) (e 5p0 sy ¥0) SKoB &gl 0 o5 4w oo liS a2 gs
L Jlaie jgm 51 56 a8l onl &l o .oyl SIO; § ALO3, Ca0 b g5 ilais
B SOs 52 el )8l (355 5 i Gl 50 (Cafyeion = wasd) oS o 5l s
o Vo5l e Jolgd o o Galdl (Js 01 pyz Gl (s ymed 5y 5l sy YO ALl
oy a4 ey Gl cplcwl 5rSeia e 50 5l e Vo BV Jolsd )0 ohg
P Slaets ol Co oS 5 o oy 4 il S S ) ekl LB el
I CU Js (*h 5F gD el (52 Jlms bojes 0l (35Sl (395 50 ZN 5 PD
Oexe Jolsd 30 08 1 g sy 5y 5l e Vo 5l a8 Jolsd o kg BB oz (a3
Sl i a8 (VJSs) cuals (o ) syt Ve Alold [0 5 (6000 e j5lne S )
el (S SIS i) e g Sla SIS )9

K, SKz, SKy sl yane) 050l (355 clotines golad 0 ALOg e oy Ll
09 ) SoealEl e St dbuly & wlgee oF Gsisel St 5 (SKy
s a1y (Sl s 15 SI02 gy Gralifl 5l si5u (g oo L il slaSs
e 5o ol azg BB Ll Jy 285 S 50 ) Slaalbl e Slyss (ren
sl s (59,0 4 (lo )5 (slaoyLs Ay @ 52 (nl JUES) 4 Lk g5 oo | aeiges
Gl s 3| (39502 4 OF 3t Plowl ol 4 Glgion 5 |y o lome (20lS
B3 (o8 ) 08y pan ey (S 53 Sloan] B Jsbo yo i oS

Aoy 4 Lk a5 coul axsls glab>de B gy 2alS baaiges sles ,o CA0 <52
s 3l 9 00D A 0 puy 5 0y iy (53l S laal s Jsb o ple)S slao L
1, aaiges 1o MO #52 Silaiamarls 5 1395505 Sl peais ol 03,5 Coi (ym 4 (5
ol 53 SISl s (5,3 & o 585 4 s 5 (o Sl Slesis 4 (lsion
davly @ O] 5l i (08 ) g S LS 5 eisrta oold Sl
(Co)lS g cudpiaiShoddge s JSis ) odigrm oold)Ss wnld 50 Sy w055
Sloanlp Jsb yo abid sk 4 5 0ols plas pyz Gl S0 Ygers 0,555 el
5 P il oo 5Kl pies 9l olo)5 (slao,Lis dliwg 4 58 55> st 4 (soles 5o
prr Gl SKa e 53 pop0 a0 i35 Ly g (s pmem 5y0 53 (5% 10 Jolyd 0 ZN

2 Sl Gtz BBy Sz e W ez i b a0 5 0ol Gl
oled 5o CU wms o oLt ialS G 4 CU ke eVl sl oo a5 ladiges
Seilotacasls jsb 4 il )13 Gl (520 YO 5 (gt jp0 o Jolsh 0 a5 oladiges
Ol sl Sdgisyn 50 CULPD, ZN jolie 0lie S 55k 4 amo oo Lt o2 ial38!


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

0313 ya ¢ Sosle (5 IS Yoo

(0039 o 03292) (33,5 slannl b 50 (ola ) (slao)ld Aoy 4 s 0 jolie (nl g o
Sz Sl S5 50 LT o2 i ilons sl — (59Sigm $5 (55l pians )9
el 0399 YU Foles 5o sloo,Lis jo H s cllale a8 ail ol e wilgs o 45 o]

Ko o Hlis yolie py> s Slowlxe o V] Lo S Oldlhas ¢ ol o dalsl
5 Mg 5 SiFe Jio Lol jole jiin saigypins ol 5o Slu,So d> e jo a5
load 3)ly (S0l w598 42 Soled 5o slao Lt

- 0Sm  12m  2m  25m  3m  S0m . o5m  12m  20m  25m  35m  Som
4
o 101 (a) [ U]
E
i £
fof oo UL i D
.10 A 2 b . D . . — | == —
Ska-8 Skl Sky-3¢ Ske5 Sk Sky8  Skyf e
2
G iBet B o S%a o S Skl KO SkiS  S6 SkB  Shb
10
¥ 0.5m  12m  20m _ 26m  3%5m _ 50m
g O o
6 (g
E 4 § 0.01
H o] ;3 ]
20 = f g o ¢
§ * =5 i D D
Ske8 Skl Skido Sk Sk SkyS Sk £ oo
0.5m 12m 20m 25m a5m 50m Marbie
# L] .02
3501 (g Sk;8 Bkt Skydo S5 SkiB  Ski-8  Skyd
24 05m  12m  20m  25m  35m  50m
S an 0.02
:
g2 D ¢ (h)
- 10 N 001
io [ P ;> D D
. &
o L tvle 2 o
Skp8 Sky-1  Sky3c Sky-5  SkB  SkyB  Skyb - D D
g-nm
Sk;-8 Skt Skydo S5 Sk Sk SkyS -
10
0.02
o | ettt . v y Skp-8 S%-1  Sk;-2c SK5 Sky6  SK-8 5Ky 6
8-10
2 05m  12m _ 20m_ 25m _ 35m  Som
] 1
i
@ oad ()
2 50 g
§ ) S o5
- o
70 5
0.5m 12m  20m  25m  35m S0m f‘ at
8 — §02
' -
§e1 @ : o
- 4 Mtie
] -0.2
£, [I Sko-8 Skl Skydo SKy5  Sky§  SkiB Sk
-d
0 — e S |
_8‘ Matse
-2

Sk;8 Skl Skide Sk Ski6  SkiB  Ski6

Slgd ;570 =S8 y90lie) poye ay S (33,59) (55l (g5 slodigad jo olie pyz posd YUSS
(i) Cu, (h) Zn, (g) Pb, () S, (e) Mg, (d) Ca, (c) Fe, (. SK3 3 SK; yue Job ;5 (ol
b) Al, (a) Si


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

Yo g8t ) Sl slavialyd )0 jolie p oy yodd o)

oSayn 5 (Cashwl = CoVsugyS) S8 e Ol o Al Lw SIS lels
GreS TYC Gl i slales )0 5 oy iy (Slu S5 anld )0 (Cufpioe oy sd)
Gl (Dol dgiST —cdge ) ol Sl SIS SlslS Al g0 o aibly
(B oSS o) Gl (Cilen (uiiKe) (§0unST (o) o IS 5515
anlp e fYe °C 5l mes slales jo (o Sl wadS) Sl S g d(Cudyp oo Jlan
[¥]iloass JuSCis o0ig pamn
il sladiges ;o (CIA) o 5o olwd Lasls Slaslbre jl sael caws 4wl
(Fh Jsis) SK3 g SKi (sla pous 0 50 9 (FASE) SKy 9 SKy slo ps 5o 5,
ods LOYYU JIAFY sqam jo Sl So hgtuiws ) KulgiST ey a5 s e ol
5 sl KO 3 NayO, CaO, AlLO; slaows! polis 51 ub CIA e col
alizes Juolgd jo oy Kl cwlils S5 5 Jloge polie jo soge Liii CA0 3 Al,O3 polis
aS s o olis (0aSs) CIA Ll ;0 ALOs g, Olss cwyp 50 (5 yed jy0
ey 0 g o |y alinna onl el 00td (i Shgriws CIA CALOs > (ol L
Oliee o1 S (glar —(35Rigm 3y sl ISl wild )0 Al jaie o9y S il
23 e Ol el b ilate 5 053l 3 Wy, CIA Llas ;0 CA0 ¢ > 5ss
Oy gemolSig ISl ailyd o Sl S i bas o)l o] 5l culSs il b ol (0b JSs)
el &LBLS () Blg 35T 95 (655 USE )0 etz 5 e GAB (213 S Sla ST

80
(a)

-~ 604
:'(‘-.'
< 40+
Q a0 )

o ==

Skz-5 Sky-5 Sk 44b

40
(b)
-~ 30 4 -
t
< 20 4
o 10
|
o |
Sky+1 Ski-3 Skq-5 Sky-6 Skq-8 Sk, -6

70
60 - N (a)
:o\ 50 -1 -
< 404 &
< 30 £ o O < -
8 20 L9 roy
10 o ©
0 1 T T T
-2 0 2 4 6 8 10
M.C. of Al,0 4(wt%)
80
£ 604 o -
= 40- :
(&)
20 - < o -
Lo
0 T LS A

-80 -60 -40 -20 0 20


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

OQ‘)'UM “SAJ\-\JLC ‘6)5315 Y M Y

(b5 (bloFs slowss a3l) CIA Llie 0 AlO;3 g, i o pste 90 Joges (8 0 S
Bog, Gyd ) oomeilSai (Sl anls o CIA Llie o CAO sz s ojeiie 50 loges
Sl sSgw

<l

SLillB (628,50 Soiul (00 550 Jsb 5o Slr = (5Ngm a3, 3,5 50 (Sl 0
AL Sl )S woly b GugeesSl o @ (0589 50855 e Sl 0l5ee) Sle S
el I gl 5| ol gl il el aidl, S5 g 5 yiaS lsh anls,S
2 S g o el polis s Sllre 5 SLoF plerd (APl Al
loo,ls a5 sms o olis ND S o s B pte bl oy pmaslSiais ISl (loaiy] 3
oS 3,5 Sl s 43 1, yolic el yo 53 50 sl SIS Setal b Jobss 45 ole)S
Mg 5 Si Fe Jio Lol polic 3l glaba>de LB olie 54,9 0dig pin Sl 50 a0 yo
SLelS ) sl —abamMe BB poe JoSiS G 5 0392 ol en 205008 slo - 25Ty L oS
sl ol oo odig s SlyS A ye Jsb 5o el oid O g0y 1Sl SIS
55C0, g HyS o )5 olgs L ol yans ZN 5 P CU 5l 1 e 8 polie 5| i o Lol
il slessSly i alashug, com 5 oad IS g 3l loyls Al &
sl 5l (g FB polie poiile LetaSly ool o Wload uudlow g 4555 005
O a0 98I ) (il (CudgiiST — Sdge s wganl) Sl Sl SIS
Sl @ (o ST g cods) wlu)S 5 (Cuslon 5 cuife) eS| (S ym 5 Su Jlan]

@l o 90 ol o il 00gr gl - g AilZog, G0 o ol O gloldw SIS


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

Yoy e g5t ) Sl Lol s )0 yolie p oy sl (o)

yaie Glge & Al jeas 0l 7,5 5Kl g 51 Ca paie jl slabis>De LB x>
w0 o) o b calBl sgzg dlauly 4 S, ey JBls o S e o
Y 5bls 4 il (K 5 Na ) b JIU 5zl py2 Ol 5 (Sl n olsie 4) ailo)S

el 039y Foles Fo ooyl o H g clale o

Slojud ¢ Sis
aS oyl > 1 il oas Jlo coles lpl &b pele Oladon 35,0 Bk 5l iaghy ol

5 S8 S cnl QS Ko g oele Gligd pe lacl g Canp el Glidse
i led LS)‘}i‘”L?*”

&l
[1] Khadem N., "Types of copper ore deposits in Iran", Geological Survey
of Iran, Tehran, Internal Report, (1965) 1-6.
[2] Vosooghzadeh G.H., Tadaiyon A.H., "Report on Geochemical studies in
northwest of Ahar”, Barmolk, Kighal, and Sungun, Geological Survey of
Iran, Internal Report, (1973) 1-23.
[3] Calagari A.A., Hosseinzadeh G., "The mineralogy of copper-bearing
skarn in the east of Sungun-Chay river", East-Azarbaidjan, Iran, J. of Asian
Earth Sciences, (in press).
[4] Hezarkhani A., "Mass changes durig hydrothermal alteration/
mineralization in a porphyry copper deposit”, eastern Sungun, northwestern
Iran, J. of Asian Earth Sciences, (in press).
[5] Mehrpartou M., "Contributions to the geology, geochemistry, ore
genesis, and fluid inclusion investigations on Sungun Cu-Mo porphyry
deposit”, NW of Iran, PhD dissertation, University of Hamburg, Germany,
(1993) 1-245.
[6] Emami M.H., Babakhani A.R., "Studies of geology, petrology, and litho-
geochemistry of Sungun Cu-Mo deposi", Iranian Ministry of Mines and
Metals, (1991) 1- 61.
[7] Calagari A.A., "Geology and fracture-related hypogene hydrothermal
alteration and mineralization of porphyry copper deposit at Sungun", J. of
Geological Society of India 64, No.5, ( 2004) 595-618.
[8] Calagari A.A., Pattrick R. A. D., Polya D. A., "Veinlets and micro-
veinlets studies in Sungun porphyry copper deposit", East Azarbaidjan, Iran,
Quaternary J. of Geosciences, Geological Survey of Iran 10, No. 39-40,
(2001) 70-79.
[9] Meinert L.D., "Compositional variation of igneous rocks associated with
skarn deposits- chemical evidence for a genetic connection between
petrogenesis and mineralization, In Magmas", Fluids, and Ore Deposits.


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

OQ‘)'U.H.M} “SAJ\-\JLC ‘6;315 Y M f

Edited by J.F.H. Thompson. Mineralogical Association of Canada Short
Course 23, (1995) 401-418.

[10] Ray G.E., Webster I.C.L., Ettlinger A.D., "The distribution of skarns in
British Columbia and the chemistry and ages of their related plutonic
rocks", Economic Geology 90, (1995) 920-937.

[11] Meinert L.D., "Application of skarn deposit zonation models to mineral
exploration", Exploration and Mining Geology 6, (1997) 185-208.

[12] Einaudi M.T., "General features and origin of skarns associated with
porphyry copper plutons”,southwestern North America, Advances in

Geology of Porphyry Copper Deposits, Southwestern North  America,

(1982) 185-209.

[13] Gresens R. L., "Composition-volume relationships of metasomatism",
Chemical Geology 2, (1967) 47-55.

[14] Grant J. A., "The isocon diagram — a simple solution to Gresen’s
equation for metasomatic alteration", Economic Geology 81, (1986) 1976-
1982.

[15] Millot G., Bonifas M., "Transformations isovolumetriques dans les
phenomenes de laterisation et bauxitisation”, Bulletin Service Carte
Geologie Alsace Lorraine 8, (1955) 3-20.

[16] Neshitt H.W., "Mobility and fractionation of rare elements during
weathering of a granodiorite", Nature 279, (1979) 206-210.

[17] Nesbitt H.W., Markovics G., Price R.C., "Chemical processes affecting
alkalis and alkaline earths during continental weathering”, Geochimica et
Cosmochimica Acta 44, (1980) 1659-1666.

[18] MacLean W. H., Kranidiotis P., "Immobile elements as monitors of
mass transfer in hydrothermal alteration: Phelps Dodge massive sulfide
deposit", Matagami. Quebec.Economic Geology 82, (1987) 951-962.

[19] MacLean W. H., "Mass change calculations in altered rock series",
Mineralium Deposita 25, (1990) 44-49.

[20] Brimhall G. H., Dietrich W. E., "Constitutive mass balance relations
between chemical composition”, volume, density, porosity and strain in
metasomatic hydrochemical systems: results of weathering and pedogenesis,
Geochimica et Cosmochimica Acta 51, (1987) 567-587.

[21] Nesbitt H.W., Wilson R. E., "Recent chemical weathering of basalts",
American J. of Science 292, (1992) 740-777.

[22] Chadwick O.A., Brimhall G. H., Hendricks D.M., "From a black box to
a grey box-a mass balance interpretation of pedogenesis”, Geomorphology
3, (1990) 369-390.


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

Y0 e g5t ) Sl Lol s )0 yolie p oy sl (o)

[23] Brimhall G. H., Lewis C. J., Ague J.J., Dietrich W.E., Hampel J.,
Teague T., Rix P., "Metal enrichment in bauxites by deposition of chemically
mature Aeolian dust", Natuer 333, (1988) 819-824.

[24] Brimhall G. H., Lewis C.J., Ford C., Bratt J., Taylor G., Warin O.,
"Quantitative geochemical approach to petrogenesis : importance of parent
material reduction™, volumetric expansion, and eolian influx in laterization,
Geoderma 51, (1991) 51-91.

[25] Brimhall G. H., Chadwick O. A., Lewis. C. J., Compson W., Williams
I. S., Danty K. J., Dietrich W. E., Power M. E., Hendricks D., Bratt J.,
"Deformational mass transfer and invasive processes in soil evolution”,
Science 255, (1992) 695-702.

[26] Colin F., Brimhall G.H., Nahon D., Lewis C. J., Baronnet A., Danti K.,
"Equatorical rain forest lateritic mantles: a geomembrane filter", Geology
20, (1992) 523-526.

[27] Bestland E.A., Retallack G.J., Rice A., Mindszenty A., "Late Eocene
detrital laterites in central Oregon: mass balance geochemistry”,
depositional setting and landscape evolution, Ecological Society of
American Bulletin 108, (1996) 285-302.

[28] Nahon D., Merino E., "Pseudomorphic replacement in tropical
weathering: evidence", geochemical consequences, and kinetic-rheological
origin, American J. of Science 297, (1997) 393-417.

[29] Nesbitt H.W., Markovics G., "Weathering of granodioritic crust, long-
term storage of elements in weathering profiles, and petrogenesis of
siliciclastic sediments", Geochimica et Cosmochimica Acta. 61, (1997)
1653-1670.

[30] Braun J.J., Pagel A., Herbillon A., Rosin C., "Mobilization and
redistribution of REEs and thorium in a syenitic laterite profile: a mass
balance study", Geochimica et Cosmochimica Acta 57, (1993) 4419-4434.
[31] MacLean W.H., Barrett T.J., "Lithogeochemical techniques using
immobile elements", Geochemical Exploration 48, (1993) 109-133.

[32] Kurtz A.C., Louis Derry L.A., Chadwick O.A., Alfano M. J.,
"Refractory element mobility in volcanic soils", Geology 28, (2000) 683-
686.

[33] Rollinson H., "Using geochemical data: evaluation™, presentation,
interpretation, Longman Scientific and Technical, (1993) 1-352.

[34] Nesbitt H.W., Young G.M., "Early Proterozoic climate and plate
motions inferred from major element chemistry of lutites”, Nature 299,
(1982) 715-717.

[35] Fedo C.M., Neshitt P., Young G.M., "Unraveling the effect of
potassium metasomatism in sedimentary rocks and paleosols”, with


http://ijcm.ir/article-1-704-en.html

[ Downloaded from ijem.ir on 2025-07-15]

QQIJ'Q.:.M.\? ‘g_;"'"\el'c ‘6)5315 Y d ?

implications for paleoweathering conditions and provenance, Geology 23,
(1995) 363-381.


http://ijcm.ir/article-1-704-en.html
http://www.tcpdf.org

