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Abstract

The Tethys metallogenic domain is one of the three major metallogenic domains on the Earth. The geologi-
cal characteristics, tempo-spatial distribution, and types of epithermal deposits in the Iranian plateau in the Tethys
domain were reviewed in this paper. Research shows that most of epithermal deposits are located in the Urumieh-
Dokhtar magmatic arc (UDMA) and Alborz magmatic arc (AMA). Among them, the former mainly produced
high-sulfidation Cu-Au+Ag and low-sulfidation Au+Ag+Cu deposits. These deposits occurred sparsely and was
associated with hydrothermal fluids from Eocene to Miocene magmas. Some high-sulfidation deposits may con-
stitute the porphyry copper system with the nearby porphyry deposits in the UDMA. The latter mainly developed
high-sulfidation Cu-Au+Ag, low-sulfidation Au£Ag+Cu, and intermediate-sulfidation Pb-Zn=Cu+Au+Ag depo-
sits, which are concentrated in the Tarom-Hashtjin belt in the west and the Torud-Chah Shirin belt in the east and
their mineralization occurred mainly during Eocene. The epithermal deposits in Iran were hosted by volcanic

rocks and were mainly controlled by faults. Different types of deposits have different ore and gangue minerals and
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ore textures, and ore deposition was associated with cooling, boiling of fluids, and/or mixing of magmatic fluids

with meteoric water.

Key words: geochemistry, epithermal deposit, high-sulfidation, intermediate-sulfidation, low-sulfidation,

porphyry deposit, Tethys, Iran

TR AR IR PRI TR 2 4 — 2B T R X Tk
)R B (< 1.5 km) . fI§ & (150~300° C) . 1§ JE (10~50
MPa) 3 55 F [ 5" K (Lindgren, 1922; Hedenquist et
al., 1995;2000; John et al., 2011), ZZKH RIEML T
RIR 8% M4 17% I HR A — i Bl 1 IR 43 L 2 28
VORF G R R A R E A T LA A
H A 25 [ 5% 4 & 1Y) i 32 22k 5 (Singer, 1995 ; Frim-
mel, 2008),

FEP T BT SR 2K 3 R S (A PR i
Sl T S R R 0 O ) B R R
w2 B AR R A IR A 5 T
I 4 JE@ A PR (5 18 Tk 45, 20125 2020; Sengor et al.,
1979; Hedenquist et al., 1995; Stampfli, 2000; Sillitoe
et al., 2003 ;Hou et al., 2015a;2015b;Richards,2015),
AR LG T 52 3032 S T A B AL A, v A IR PO
PRI £33 T SR 55 (B b 3 552, 2018 T3 4%,
2019;Hou et al., 2015a; Wang et al., 2015; Yang et al.,
2016; Sun et al., 2020), A KBFF R, o E 5 #
o JEUR B D i TR AR R R (18 45 , 20145 B
%5 4 2018; Duan et al., 2016; Sun et al., 2017a;
Song et al., 2018; Yang et al., 2019),, i+ B i JE 0] )
1Z 77 R AR TR O BT PR (Richards et al., 20065
Kouhestani et al., 2018; Rajabpour et al., 2018; Fazel
etal., 2019), A T S UfAYRF H o0 A 75 8 25 i v AR
T PR T, A SO B B v D e AR T AR Y
PRI B 23 23 A A LA B 1 FHHEAT T 2553

1 G T

P B A I IR A e 5 ATy A AR Bk 1) 28 AL HE
Hby 5T 50 AR T AU AR YR AT 0] 434 5 5 (Makran) 3 A=
Zet LS & W (Zagros) #8 45 vh B+l (ZFTB) L b7 /e 35
7% (Sanandaj) - & /K £ (Sirjan) 17 (SSZ). & 2% % /R
(Urumieh)-Ft: 73 /K (Dokhtar) 7+ 3¢ 9L (UDMA) . £ 45
(Lut) B L Kz Bl /R 2% (Alborz) 7 3% IR (AMA) (] 1
7K At B 45, 2015; Agard et al., 2005;2011), Makran
Bl AR ZR 50 T O BRI B S BT HE Y 52 LAl R R AR
B — BRI AE R, kK E RIS A 75 H
L% F A 29 115 Ma 11 I 2% 7+ (Yang et al., 2020).

ZFTB LAFLAR % Wt o )24 0 8, K E — RS
i NE - SW [f] #% 4% (Agard et al.,2005), SSZ fii T
ZFTB R LR, Kam & -8 AR A0 55 B 5
4% 4+ (Sengor, 1990; Mohajjel et al., 2003 ; Agard et al.,
2005), %A1 A8 AR ALk R A 4R 3 O N A
H1(Agard et al., 2005). Lut #bde %t g £ R 42 19
AR L DA B B AR 55 )2 41 il (Ramezani et al.,
2003 ; Saki, 2010), HuB PN & F 4 YA 3G 3 (K 3
85,2015), Hor, bt 3R 0 2 o A Y L ), DA
i B B ME R A Y KL A O 32 (Ramezani et al.,
2003 ; Sadeghian et al., 2005; Bagheri et al., 2008),
UDMA F£ %R F hHHT i 5 NA KLE Rh s
— R A (Agard et al., 2011), AMA T8 %
B A PE 09K k1l DL R D B AR AR (Alavi,
1996), H: K 11137 2 A B (1 W2t TF 4R, 76 1R 7 3k 5
o0

R AR A 1 A R PR T 5 e A B 3 1 i b 2
YIMHG . FE BB 20 Re A2 B ve T %, Sei, A+
B HR X BL 4N R Bl 9 b 2% (Richards et al., 2006), &
20 R UV 1 G I T TR IXT B A K it 28 i
AL B HIL P PU R Y B — RN R R X
SO By 20 BT R A X BL A KBt 5 b 5 57 WK i 22 ]
() i H5 BL K fili (Sengor, 1987 ; Metcalfe, 1996). [ %
T REAR IV 1) W KRR B 2 R R e E = S
KB PEA 2L J5 ) 95 WK Bt 2 - (Hooper et al.,
1994 ; Stampfli, 2000; Richards et al., 2006). 7E i %F
PRI B IR VR FH L B B A B R i 5 ST IR o ) il
FVE 2R e Alborz 1 1114 59 b 3898 it 4%
TS 51 (Alavi, 1996), TEIZZEAW AT H K
T A AR 47 A (380~260 Ma) LA M R DL AR Y | IF:
Z B FR R i 0 Bl 5 w7 AR AR T (Alavi,
1979), %y R4 B v i P & B A 1 U0 B
], (E AR 217~200 Ma flf 4 5 48 5 7 0 1= A 322 finh
K F I 5 BT 2 AR TE 220 Ma Z i (R AR IG5,
2020),  H1 oy AR SV 1] AU AR e L K R T X LA
KBt ) 24 i, S BORTRR R STV A — S AL AR R AT
JF(Sengor, 1987 ; Metcalfe, 1996), 3 Hgr 45 i 7E
PR 2 28401 B T 4y ) ST RRCK i U #f (Spakman , 19865
5K Uk 5 55, 2015), 78 1R B TR 33— 1 (36~25
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BT PR AT PRAE AR 07 DX 0 A 141 (B Fazel et al., 2019 f&20)

1= AR LA AR A 52— s 3— I B2 5 4— 1) 5 S—3d PR 22 5 6— S W T2 5 7— B CutMo=Au 7K 5
8—E B Cu-AutAg i K ; 9— 1 B Pb-Zn+CutAutAg K ; 10— (A B AutAg+Cu B A ; 11— Lk ; 12— bk 1l
AMA—FR IG5 A IR Lut— G SSZ— B R A -8 R 51 s UDMA— 1% 2838 /R - 5 B JR A SR ZFTB—FLA% 2 3 i il o

Fig. 1
1—Mid-Cenozoic calc-alkaline volcanic rocks/plutonic rocks; 2—Block; 3—Infer fault; 4—Fault; 5—Thrust fault; 6—Strike-slip fault;
7—Porphyry CutAu+Mo; 8—High sulfidation Cu-Au+Ag; 9—Intermediate sulfidation Pb-Zn+Cu+Au+Ag;

Regional distribution of epithermal deposits in East Tethys (modified after Fazel et al., 2019)

10—Low sulfidation Au+Ag+Cu; 11—National boundaries; 12—City
AMA—AIlborz magmatic arc; Lut—Lut Block; SSZ—Sanandaj-Sirjan Zone; UDMA—Urumieh-Dokhtar magmatic arc;
ZFTB—Zagros Fold-Thrust Belt

Ma), BTz 1Al e 55 37 Wi B 2 Al A (]I, o s 2k
EHRR R TR Y T (Agard et al., 2005;2011), i
FEPRITE B IR pP A FHAE SSZ IR s S0 miAR D i 1=
A (183~145 Ma; Hassanzadeh et al., 2016; Zhang et
al., 2018; Tk L3 45 , 2018) LA K oy e~ fIK TL A /25 Y- 11K
JE RS J5T 7547 (110~90 Maj; Agard et al., 2009 ; Mous-
ivand et al., 2011). TEfff i B BT BL , UDMA & &
S0 v A G KA AR TE 50~35 Ma 2 [8] (Takin
et al,, 1972; Cagatay et al., 1980; Dercourt et al.,
1986), BTz fF1 Ak P 5 57 Wi Al A A A2, T 18 17 B
B R A 5317, IR 4 537l A e G 0 10 2 0 i
Wi(Cyprus) . FLAEA 7 (Bitlis) 42 11 21 G I A HLA% 2 i
(Zagros) (Sengor, 1987; Sorkhabi et al., 2008). i
SRV ERGORL  TEFLAR 2 i i L R, BTRA Al e
7e U2 b WO KBl 2, 8 2 28 5 SSZ Ml UD-
MA 5 , Jff ih 2 3 I 1A 2 T (Paul et al., 2010;
Motaghi et al., 2015),

HEAFERZ G, A B R FBL ) A K T )

DA R ARG S /R 1, 32245 h 72 UDMA . AMA L)
Je AP 59T e (22 B 745 L 2008) 0 1 PR 2 BB 4 4 42k
U BEA TG MVT BV LA S AR IR P
WIRAE o BT RAL T 0P T3 AR T 0 e 1 - A P )
alifiA h, AR FE MR A Amir, Shahriar, Reza , Ab-
dasht(Jannessary et al., 2012), 575 BUH 6~ 2500
1£ UDMA 7, 1% M5 IR 4 Sungun . Sar Cheshmeh
%% (Hezarkhani et al., 1998), fJf B fx K MVT #l 4%
£ K Mehdi Abad {7 T SSZ 7 (Rajabi et al., 2013),
TR AR IR 3 220 A7 £ UDMA Rl AMA
(Shamanian et al., 2004 ; Richards et al., 2006 ; Mehra-
biet al., 2012;Fazel et al., 2019),

2 UDMA & AR IR AR PR

UDMA J& i T I PE 0 1 450 A AUA 3K
SR, AE — L6 SRt 9 Bk Ol Sahand-Bazman 5 2% 47
(Hezarkhani et al., 2006). %7 M+ H-HARFBLL NW-
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SE & 7] 47 T Zagros i 4E {1 22 {7 [ 5 1 3L 107 30 (1)
ZEFAE (1 2). UDMA 177 Az 5 3 R 4 i v ) b A
PG, EEADT 3 ALY B A AR S
RF B 30TV [ 7 9T v S b BRARE i (Verdel et al., 20115
Ayati et al., 2013) 46 57 tH W 301 BTz A1y Al B 5 B 3 AR
B & A= filf 1 (Mazhari et al., 2009) #7587 tH—rp g i ik
AJ5 4 B B (Dargahi et al., 2010; Chiu et al., 2013).

SRR P A R MR T I BARR 22
— B2 5 0 A U % BLEE Sk (Chiu et al., 2013), 1
KA 5 535 Bl G T i, 3228 fp R T AR

72 LR WA DS R A S, AR
HAEERETFEATE . THREGERITENIUE K
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P2 AP AR AR R 43 A 1] (416 Richards et al., 2012; Chiu et al., 2013 £14)

I—HEARE S  2— IR BT I — BT T s 3— o i — S DU 20 3 0 s 4—F LA 0 T RE S Wly s S— Eh s /R B 6— B R A AN-B RS
il s TR I s 8— AR DX dak s O— T AR SR T A 5 10— W72 5 11—30 W BT 5 12— B Cu=MotAu R 5 13— i Cu-AutAg 7 /K ;
14— 8 Pb-Zn+CutAutAg IR ; 15— (NG AutAgCu i IR ; 16—k 17 ; 17— F 4k
Fig.2 Distribution of epithermal deposits in Iran (modified after Richards et al., 2012 ; Chiu et al., 2013)
1—Mesozoic magmatic rocks; 2—Eocene—Oligocene magmatic rocks; 3—Miocene—Quaternary magmatic rocks; 4—Zagros thrust fold belt;
5—Makran accretionary prism; 6—Sanandaj-Sirjan Zone; 7—Lut Block; 8—Central domain; 9—Paleo-Tethys basin; 10—Fault; 11—Thrust fault;
12—Porphyry Cu+AutMo; 13—High sulfidation Cu-AutAg; 14—Intermediata sulfidation Pb-Zn+CutAu+Ag;
15—Low sulfidation Au+Ag+Cu; 16—City; 17—National boundaries
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2018 ; Shahabpour et al., 1987), b 37 {H 14 2 3 4 &=
ZEHEE T UDMA R4 P4 {6 B 2R B 780 , 6435 40 J -
5t A1 (Chiu et al., 2013) FIH& 4% 7+ (Mirnejad et al.,
2010), UDMA H it AR IR BT R , o
A 8 M i, UDMA Hh AR IR PR PR L T 1R B
AT (20~6) Ma 19 K 11127 1 (Kouhestani et al.,
2012;Sholeh et al., 2016), o, AL PRALHE Kuh-
Pang = Bt 84 Cu-Au " JK | Chah Zard fik-H #i Y Au-
Ag " JK . Chahnaly i % i Au-Ag B FK | Latala -5
fii. 7 Pb-Zn-Cu " JK (Kouhestani et al., 2012; Sholeh
et al., 2016; Rajabpour et al., 2017; Padyar et al.,
2017).

Kuh-Pang 5 5 # Cu-Au " K {7 T UDMA 74§ it
#6816 At 2.80 Mt, Cu i i K 1.65% . Au fitt i
0.52 g/t Agifii A 34 g/t (Rajabpour et al., 2017), "
A 2B AT 4t — A T A5 e - o 0 S v

467000 468000 469000 470000 471000

3886000

3884000 3885000
T

3883000

LA AR SCA T (E 3). B AR K £ 100~450 m,
BE 5~20 m, 3237 g A 1] FZR P ) 2 20 U T S 4%
il A 22 %00 7E 2 20 B 2419 52 11 Ak (Rajabpour et
al.,, 2017) B A8 YA B4 BERAT M R
MW AR B kAT Y R EA A
it B bl A . PR AR ARG RELL (28
o BHE R RV (R W A - A - T A LA
e A - ARG A ) A R R, Tk
75 AT 1) 9 00 AT R A AR (R ) TR Ak
R AT S5 MUY AR B TR R ok AR 3 S 1 A ik
A2 Lo A, 4 2 B AR il AR 7 R R B
M E I A - B O A I il AR R
Hedenquist(2000) F1 Pudack(2009) 3 i B 5% & BLL , &
TRAL PRI & B 1A B -2k ik DL e 48 = Bk
AR ] R B I A M BE A 2R G ] v AR T AT R
Ge ik it 7= 4 . R I, Kuh-Pang 8 BR A4 78 356 7] GE

472000

473000 476000
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3 Kuh-Pang #" Kb 5 &l (a) K % 1 & (b) (4 Rajabpour et al., 2017 & 240)
T—Ufs I 20 5 2— W L — s I R 80 N AR NGRS s 3—WlT I — s 22 115 54— I — Ui I DR SO 2 B 5
SRt — B R CA s 628 DU DIRRAY) s 7— W72 s 8—HB ST 1 ; 9—Cu d X ; 10— 07 X ; 11—Cu i 4
Fig. 3 Geological map (a) and section (b) of the Kuh-Pang deposit (modified after Rajabpour et al., 2017)

1—Eocene basalt; 2—O0ligocene—Eocene rhyolite, volcanic breccia and aggregates; 3—O0ligocene—Eocene andesite; 4—Oligocene—Eocene
rhyolitic dacitic lava; 5—Oligocene—Eocene rhyolite; 6—Quaternary sediments; 7—Fault; 8—Geological section;

9—Cu mining area; 10—OIld mining area; 11—Cu orebody
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KB BEA T A AH 2C 1 8 I AR 1E H (Rajabpour et
al., 2017 ; Hedenquist et al.,2000), {H 2 3 A 1) Hb JF
T AE i K 7E Kuh-Pang B IR 19 TR 58 K& BLBE 4 87 IR
(Rajabpour et al., 2017), Kuh-Pang " FRAS [6] 587 i
B fb W B AN 6] 9 B TR A7 28 4 0, 1w S By
B 8%S {5 M —2.4%0~0.7%0, T LB By Bt 6S {1 Hy
—8.3%o~—4.3%o , LA™ B B BE HLAT S5 I 1 B [ 67 25 1)
B, U i 4 634S 1] 15 —8.6%0~—5.0%o(Rajabpour et
al.,, 2017). VAR ZEARIFFERY], 5B B A
JE Fi1Eh B w(NaClyy) 43 31 2 205~372°C Fil 3%~11%,
F R B B i B R R B w(NaCly) 43 5l k175~
310°C 1 2%~13% , B W B B 1Y) 1 )3 A1 ER 3 w(Na-
Cl,) A 141~235°C il 1%~10%(Rajabpour et al.,
2018).

Chah Zard fik-1P i % Au-Ag i R T UDMA
LB RN 2.50 Mt, Audi AN 1.70 g/t Ag iz
4 12.70 g/t (Kouhestani et al., 2015), WA [l A A i
HUBT 25 1R i 2 ik F B — B =
BRESHRME K L A BRI RS AR AR
WX A Bk 2 HEA T 55 47 U-Pb AR , 7531 (94 18 H (6.2+
0.2)Ma(Kouhestani et al., 2012), b 35 & 4 7 #4
WABRE 0 A LA BRI B YR Bk B, &
BT A0 YA SR R R &R LY O
B NEED) ARET & 0 a0 W 2 IR Gk ik
WA=, BE AT YA A5 KA gk
RA G% A Aotk i f . Chah Zard 5 R 3
B A YUK AT BBl BRIRER L IR S
AR = G A (LA 1) S8k -2 08 £ - PR LA - A
325 Pl AR S A v - g A i AR S T
Bk R, 58 A G 5 48 2 Bl AR 7 5 4 -
VR A A SC R U] Bk R AL 5 B AL IRR T
Pk RGNS . Chah Zard B RIH LT LIS K 5
AP B 5 LB B B R A - R - B
Jik S 5 565 2 G BE H B A - 0K KA - 4 TR AL (IH
BER D7 R - B AR (% &) -4R &, 2 5t
SR R BB R 3 T B R B IR K ORI &
Bk A 5 e Ik BOR BB | Ak R Ak
W5 58 4 B Bl B e - k- 4 Ak W (N
W 5 E BRI 5 S B BURRAE S A L
g A AR v B R A - IR -
BRATIK . BT DR Bk A I kb A Y
534S ey 1 43501 7 0.8%0 Fi1—2.9%0~0.4%o0 , 1 Tk A+ 4k,
ALY 14 534S 1M —2.7%0~1.8%o , 3¢ B LB 40 5t

K HAEK . ABREIREEY AT 5150 fH2h 9.8%0~
19.5%o , W Y Bt AL 9 - 40 Bk AA b 9 1 8O (B K
16%o , LA B s 416 By i R A 2 A vk A Rt otk
J7 AT BAEAE SR IR 43 8 DLUE 5 T A s LA
K AR5 KA KR A 5% &2 % V] (Kouhestani et
al., 2012;2015).

Chahnaly fi§ it 1 Au-Ag #" R\ T UDMA 7R /5
BB LA fif N 3.60 Mt, Au S R 1.04 g/t, Ag i
M 8 g/t (Sholeh et al., 2016), # X" Fl 7 o~ F b
B aCs B L DL RO E A S
o 22 L S A U-Pb 4% 4(20.32+0.4)Ma(Sholeh et
al., 2016), #"45 — Z 3 NE 3 [ 32 #4 i 3 il i #4
WA TR R BT, 3k 26 B VD H 22 Ll Fn
PR . FRU AT YA S BEey By (F4),
A DR B N ERERT D7 BT AR AT LA S D o A
BT EEPKAT YN A R KK A R
glef . JFAET AT, ARSI T8 5Kk
WA S A A b ) SR R A e A A
BRI R I ITE A S B TR A S D
10 pm B ARRIE AFTE . F IR 408 W A7 e T4
REERD B ORA R TS, s R
RAEAE TR E AL DU S S S o b X 1l
AR E B AR L R FE S, SRR
FATRA A0 BB KA R R R A
A9 FEERIUN R 7tk Bk, kKA 5 A0
e, WS RVEERE , REAIRR A& B2 IR
BN, S A OCTE B f i o IR R RS B G 1Y
— R K 240~300°C , £ B w(NaCl.) h 0.3%~1.8%.
P AR BB 534S 1 M -0.1%0~4.2%0 , 2B T
TR TA 9 o 0 X R BRIk vk A 1 ©Ar A Ar B
AE 1 4(19.83+0.1)Ma(Sholeh et al., 2016), = B i 5™
Ve &4 AE Bt . Chahnaly 57 K J2& 76 FF B Ker-
man BE B H FITE 3010 Chagai BES B 47 22 (8]
IR B — A R BRI PR IR %0 IR L 4F i
55 Reko Diq B4 BUA™ PR A AF 08 AH I, UESE T4 BB
53 b w1 A LA G L e A R T
(Sholeh et al., 2016),

Latala - 5 % Pb-Zn-Cu 7 JK {7 T- UDMA %
TR, 7 T Meiduk " IRILFHR LY 8 km Ab , 7 4 fiff 12ty
2.67 Mt, Pb {37 K 6.77% . Zn & v 4 10.05% . Cu i
57 K 7.52%(Padyar et al., 2017), B X WRH"Fl & MG
B RA R E LRSS TR X
/DR IS, DLt i A e N A



H 405 F2 M)

o BT DRI AR T AT PRI 23 23 A LA 5 T RS TR 335

K5 DL BAE R N A R AR . E Latala 7 K &
B IR 2L, TR 7 2445 ) T Latala 87 K 099 6 Al
PR P AR A S LA IR L R RCIR G X B
FEMT AU YA SR R GRARAR T | 5
W INAER B B £ A YE, Latala B
PR b AR S A 5 3 v 1 A A DL R 378 s ) DAk D
94k . Latala PR LI Be =225 Jy 31N,
S5 1B B GRAL K, B YA AN A -
TR - BB AR B, 2B R R AR A R AR
PR IREE 5 56 2 B BE DL A - R R ko 3=
SRR AETEIN B FI R BT 5 55 3 B B A1 -7 415
NS (FTER)- B4R . o SR 3 BB b i
71 HH R AR 1 8 AT R PR A B H B AE Latala 5
PRIGHMNFEL . Latala i R it £ SR 19 B 58 6 B, 7€
A1 B R SR A B R Y — IR O 235~335°C, R ¥
w(NaCly) A 1.1%~1.5%, & WA £ B AR X — T B
135~325°C, £ &£ w(NaCl,,) 4 0.2%~10.6%, Latala fi"
R A3 9 634S B AE A —10%0~—1.0%o , 55 — B Bk
A1 5 T Ak A ok R R 4 T T AR B BE Y 84S
Meiduk BE 7 B PR 534S [ 15 (2.5%0~—0.9%0) H. A7 AH
I (Padyar et al., 2017).

3 AMA R AR IR HGR T PR

Alborz i 1177 3= 2 i B AR TE T A1 356 v 147 )2
¥4 1%, I FLTE Alborz 111 fbk ) b A H 535 i Jr 1) 45 1y L
75, A5 L DK E A48 1] B J7 (Alavi, 1996). Alborz i 1L
BT AT 43 7 A6 3 Hb 2 BT AR R - D R
FER 2 — B LR G UL, @ By L —RE4L
BR A QRAL—TP =ZBHERERIBIFI;
@ b =&%5%— MRP GO =S5 —
PRE G B DT © oAk B T — 11 20 R g T
(D I UURY)I (Alavi, 1996). AMA K 1117 5
AR AR ER AN PG R, LU Bk 1l o 32, A
W 1 AT 4R 16 2, R LR BT s B T . 5 T i
U BT Karaj 20 7Pk 22 1A M OB
if AR A (49.3 £2.9)Ma~(41.1 + 1.6)Ma(Verdel et al.,
2011; Zamanian et al., 2019), F& T KA A9 45 57
FHAEH L TE AMA PYACERIEAAAE Hopr = A L
KK AL, an Alam Kuh £ 5 75 (R4 7F 7 Ma(Axen
et al., 2001), Khankandi {= A {4 (1 57 4 47 4% I 7 oy
28.9 Ma(Chiu et al., 2013), AMA 7 & & 7R AR IR
PR TR K ZHE AL T Igr it m b

AMA i AR IR BOR T R 3 A )iz, A
T 74 ¥ ) Tarom-Hashtjin f 8 1 (THMB) P4 S 4R 3
i Torud-Chah Shirin i #" 77 (TCS) "' (Mehrabi et al.,
2016), THMB H {1 3% sl I A 8™ PR 34 7 T 46
T4 k1 5, Lubin Zardeh fIE A% Y Cu-Au 7 K |
Glojeh H1- & i Cu-Pb-Zn #" JK . Chodarchay & £ %4
Cu-Auf) " FR(Richards et al., 2006; Mehrabi et al., 2016;
Yasami et al., 2017), TCS B P B9 3 B ARG I #4
WA R 7= F - d B i (55~37 Ma) kg, 4R
FPEWH IR A Gandy H i A Pb-Zn " JK . Pousideh /5
i i Cu-Au " J& (Shamanian et al., 2004 ; Fazel et al.,
2019).

Lubin Zardeh X i £ Cu-Au & K7 T AMA P4
LR B Ak R 0.5 Mt, Hor, Cu i R
1.3% . Au fh 37 4 0.52 g/t \Pb &7~ 0.7% . Zn i H
0.4%(Zamanian et al., 2019), #"[X =% 1 5% Karaj 21
Lot O T A B LB IR S, a3 S A U-Pb
AE S N (49.3 = 2.9)Ma~(41.1 + 1.6)Ma(Verdel et al.,
2011), A DX FFIEAATE A B AR AE R A S ge-— K
NEA R A, 57X F 2L FH I SN [ HINW [1] 1)
WL, i fok =252 SN [n] (1 I 2445 1, 30 e b 1) A i
KEZ ALK 1000 m, -3 5 0 1.5 m(#R SE AL 3 m).
W AW Y F 2R S SR AR 4 7
W INER BT, Dk ) B A R LUK
KA RE SEAa 5 A sk a . R 3
PR CATE ) etk RLA FEZ A A
Y AN RSy e STREIN- &/ v e ) W= G R A DI
Lot RS, thuO N AR RN 28 = B AL, RE AL AR |
S AR R B, FEAME R 52 W R4 ] B B e
IR AR |5 A R A AT X fe AL, AR 9
J” . Lubin Zardeh # )R 24 2 ML Fr B, 45 1 B
B kAR b AR b o IR e R A S e - 4 R
ALK, 2B W25 A - B AT -5 - TN
B A B B A SR B R, PR 2 AR
AR AR ZEAE 5 55 2 W BOR B A D -4 - Ak bk,
BTG A - BRI A4, DR AT U 4
() R DAL AR 19 TR 2047 7E T A1 9€ 2 W (Zamanian
etal., 2019)o il A1 94 - A 10 ok 9 £ e Hh i
P 4 5 AR 2 — T Ol 94~205°C , 38 ¥ w(NaCl,)
0.17%~7.11%; 47 5% - 1 4 Ja i Ak ) Dk v A 25 1) a7 K
LRI 38— IR K 126.5~327°C , #h & w(NaCl, ) h
4.07%~13.97%. 3% 2 MK A 964 8150 (B3] A
9.56%0~12.77%o Fl1 7.23%0~9.24%o , i 1t 4 ) §3S 11
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1B 534 19 —0.9%0~6.2%0 LA 2 —1.9%0~6.6%0(Zamanian
etal., 2019),

Glojeh "1 -7 B Cu-Pb-Zn & IR A T4 B 75 6. 355
) THMB Z 1, & A fiti i 4 2.3 M, Horfr, Cu i i i
9 1.5%, Po 507 8 3%, Zn S 4 2.2%, Ag Sh i
350 g/t, Au i~ 2.9 g/t(I€] 4)(Mehrabi et al., 2016).
WX 7% Karaj ZH8E K8 X% WL (R BUA DL &
AR KA A LR IS . R8T A0 R
BRET AR BEA T BT B BT DN R T
W R (T &) av P REA A Batk &
W A SR A . MR EEREAL R S

A
--

44%4444444
S H -
S~

_|

b AL E A TERT AL X R R [R] AR
U AERHIE, T X R &4, HE A LB L
B maEIY X E SR, A AT . Gemmell
(2006)IAH  FEBERR B A A1 Ry AR A 1 R AV 3
Gorp N A A LR B A R BRI R S
TN AEE . Glojeh K EZL AT L4y A 34~ LH™ B Bt
(Mehrabi et al., 2016), 55 1 B Bt 09 F#1E Ay o 1 1)
R L A 455 S A R AR A ) AN N B T B
A WY BE A A W (BRSO
BT B ) Y B, 4 DL/NURL T 3K
AR TR P 5 56 2 B B IR 2 7 B2 5etk | 4kl

—— Pt
— ‘ﬂ.x‘v/

Goljin 12 Ak

_|
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=T~
S~ A4
A4
A4+
A A4+
= A~ o4~
A4-HA A~
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X
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K4 Glojeh # A Hh 5T [ (4 Mehrabi et al., 2016 f&124)
1—RECA RS R i OB s 2— ML 22 L B 2 i s 3— WAL KA s 4— s KA FBE IR s 5— 32
R LA AT s 60— B BB BE IR 3 T— UK LA A K 8— AR B I BRI 98 A 9— W2 5 10— 17 14
Fig. 4 Geological map of the Glojeh deposit (modified after Mehrabi et al., 2016)
1—Rhyolite, rhyodacite and volcaniclastic flow deposits; 2—Trachy andesitic basalt; 3—Weathered trachybasalt; 4—Andesitic, basalt and tuff;

5—Dacite and andesitic lava flow; 6—Lithic vitric tuff; 7—Subvolcanic rocks dyke; 8—Granodiorite . granite and quartz monzonite;

9—Fault; 10—Orebody
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R A B ko A DR DN BT AT T 4R
DL AR B8 2UHE 7 B v 35 58 3 B Bk R 5
SET A, & R F DRI A TE T R
Wb SRR N IR R A S R A AR
P rp AR S Bk R AR A AR . b XA
A, 5 A B — 3 B R 170~340°C |, $ JF w(NaCly,) Hy
0.5%~11%; B 4 DX 3L 14 A 22 4R 1) — L B2 R 150~
320°C, b w(NaCl,,) 47 0.1%~10.1%, f/R" 54687 X
AL HRAE . A TE 1) O [R5 ZR A FE R BT, LB Bt
BB BE R ARG HTIMA B A 3K . b XA
M XA 12 R B BEE A R R 84S A, 43 5l
g =7.3%0~1.3%0 Fl1-0.3%0~8.4%0., B Ik ' 28 = F 1)
Ar-Ar PEAE S ((42.200.34)Ma) DL KA X BT AE i T8
KA B 2B Ar-Ar PRAE % ((41.87+1.58)Ma) 3= W
AT AT e & AL 7 42 Ma /2 47 (Mehrabi et al., 2016).
Gandy H ! Pb-Zn 8 R/ T- AMA ZR#R Y TCS
BAT A R AT LA O e KL IR A
o Mo/b s KL A %4 (Shamanian et al., 2004),
X & B — &5 NE & [ (78 18 Wi 2 F EW 3 ] 19 336
PR . B R IR R BRI 2
W AEW K A A A - A - .
WA 47 B 0] A NE, 0[] SW, 15 7 1] ZE i 24 20~100
m, EE 1l mAEG, s R R ARk
(Shamanian et al., 2004). ZH K FLWH A0 YA
B TR INBE B Ik A ) A A
g A S PR O fRa alefa . BT
FEEARA e FEA. TR R AT
AR rpc DX, Tl AR 2 1 B8 B < 2 m, TEBE K 7 TP i
HEE . RIEMBRAWERNET , FET WS
HEe -SRI, A 3R AR A
W DX ) W 4 R0 5 # R BEHOR 0 A o B IX R EAF
FE3AH LB B 5 1 B B M BRE 0L, R
W A R EOR A S A S A ) L Ak
YIRKAL R, =B AL A R -7 A - R -
Ji B - IR - B BT, A AE — SR A, A
B LA A S 2 BOR F B LB B, &
BRENEERAY K, 2L INEED R
FLH SRR E R LS D R B AR A 5 3
By Bew fb R BE AR, 35 DA A 9L i A - B Ak P Bkl
T RELERANEEED . Gandy # RINEER
TR 2 B A 35— T B O 234~285°C, £ ¥ w(NaCl,,)
N 4.2%~5.4%(Shamanian et al., 2004), fE Gandy "
IRISAEAE DB ) &0 10, 4 2 LU AR Y B 20

TINEER RT3 2 ZEET Bk AT R A R A e
H A e (HUR O T 4 A S A i 2 A B B Y
W B A A A S K S A e r S A
REIHANEE.

4 ¥ w
4.1 R B

B B3 AR IR AR B IR 3 2 53 A 7 UDMA #l
AMA 1. UDMA 77 N & & 3 A 2 AR Tt A4k B
PRE D, KA L 5 2 A B A b 7 T ok
(GE Do BRIE Il E A U-Pb KL K AT Ar-Ar
AR B A5 4 W] UDMA VR U IR PR IR TE B
AT g 32 22 4 b i (40 Chahnaly . Chah Zard;
Sholeh et al., 2016; Kouhestani et al., 2012), AMA 77
PN AR TR PR IR 2 | B MRAE T A 1 A1
HH L A IRE K LA B A7 U-Pb FT4H B Ar-Ar
AR AR B AMA SR IR PR R IE URHAUAT BE
%24 4 B tH (U1 Glojeh , Lubin Zardeh; Mehrabi et al.,
2016;Zamanian et al., 2019),

C A AR AR B 7R UDMA H L AMA S
Yi, HOBT I A 0 3 B2 58 24 (Chiu et al., 2013;
Haghighi et al., 2018), 2 &7 e i i A 22 5
AR5 R Hb R 35 7 LA R B RE BT R ool R ) 2
A K. UDMA SEiE e S e g8 57, hopn it sz En
JEE B AR iV FH 7 A 2 I e 5 2R G B FAB ™ A
FH 5 T AMA G 5 357 e B i e 4 5 RO I A R A
FH B RA A 5383 o 33X — A KL 5 v ] X
SO0 BRE 54T A R0, I LA R SR AR A
FASGH Bt R St/Y 6 A L T R AR B M AR (B
B RITPEAE A X — B A S K S e R S
BT HE A B BE B A 4R vp 4 I AH 2& (Hou et al., 2015b;
Yang et al., 2016; Sun et al., 2017b;2021),

42 WARER

VRSP et PR B A ) 4] 43 A e A B (Hiigh-
sulfidation) . ' % %! (Intermediata-sulfidation) FI 1§
fiit %84 (Low-sulfidation) (Hedenquist et al., 1994;2000;
Einaudi et al., 2003 ; White et al., 2005), 3 250" PRAE A
I I AT 7

BB RO Iz, B e R A5 L Cu-
AuxAg N T, FE/ A 7E UDMA Fl AMA 77 AR 3%
4 4" JK 43 45 Kuh-Pang . Chodarchay , Darestan , Pou-
sideh ’%"}(Rajabpour et al., 2017; Yasami et al., 2017;
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Fazel etal.,, 2019), X280 PR /R S G AL PR 1) HLAY
FRAE , 0B A A W b 5 A T B A 40 i) R
W, R B WL T A R A A s R A ARy
TERY B AR Y5 TR IR R T 2 ALK e i,
DAL AR LA S [ 67 2R b s U™ Y A R, =
H A % K (Yasami et al., 2017; Rajabpour et al.,
2017),

BB R A8, U TC R 45 LA Pb-Zn
CutAutAg N+, FE T AMA . AERPED IR
i Abolhassani, Cheshmeh-Hafez , Gandy . Ghole-Kaf-
taran , Khalyfehlou . Zehabad % #” JK (Mehrabi et al.,
2012; Shamanian et al., 2004; Esmaeli et al., 2015;
Kouhestani et al., 2018; Fazel et al., 2019; Shahbazi et
al., 2019). X L8R BUG PR A B 41 1) T 2O W 4
JE BRI AN B N BT, kAT )
AOSE Batk BRa S0 Jra, AsE Rl
otk 2 etk AS i HY B (Shamanian et al., 2004),

I m BB IR & B AR D T R A U
AuxAg+Cu N F , R FE M K A Chahnaly(Sholeh et
al., 2016), X LEH" PR 7R A AL AT R (1 S AL AR
KAy v 5 A UK A - B R R -4 - RS BT
W, K E R B T REE M, A B AR DL [ 32 3R
P AIE S 7S JORT Ui A AR AR K Ol 32, A ROK AT b i
Z: 5 (Sholeh et al., 2016).

(EAS T B Y2, TE RS0 [R5 2 fp 2 Al
()3 AR I AT IR, 40 Latala 57 PR & & i fim 54 i)
S0 KA AR AV EEAR A K (Padyar et al., 2017)

43 ERITENH

TR AR I R AT TR — e 57 T s i A R GE Y T
B, 3 PO AR G S B R R S AR A
K, FEEBIEILRRIGA S0 K LR ERA )
G4 5 2445 355 1 (Hedenquist et al., 1995;2000;
White et al., 2005). ¥ B T PR P < DL
14 F2 AL G5 O SRR IR RS WS L S OK
J% i (Giggenbach et al., 1982 ;Heald et al., 1987 ; Hay-
ba, 1997; Hedenquist et al., 2000; Federico et al.,
2002; White et al., 2005), K #F58 K B, fFH T A
AR PR LA PR 453 T DOV 5 Ui | 1 IS A D AR
4% 2% Y] A 5& (Mehrabi et al., 2016 ; Shamanian et al.,
2004 ; Rajabpour et al., 2017; Kouhestani et al., 2018),
R 38 % 25 F: 30 Au . Cu  Pb . Zn [ % 4 J& 78 Tk
FIRT IS A B8 AR 5 DA B 1 5 R 1 A 23 18 25 (R 1Y
H,.CO, .H,S iy 4 2% , 1 WU & pH (B F1 4 AL 25 1 T+

e R G 42 A T ik B ) AT 5 2 S AR 5 R LRk
(TR A RIARE T LA A 378 A ek B PN B 1) B AIK (White
et al., 2005), % L5 FR I A T AH G 42 & DT
VE o IR O 3 2SR v IR R AT R
SR, A28 4 S U ) S ZEHL B AR SRS

Kuh-Pang = 7 514 5 76 FH 5 2255 0 1A s i
1R & A & (Rajabpour et al., 2018), = Z ik #i £
15 O A A B AR R I & B SO ) A
15 @ B LB B A 5 b A AR Y —
N 205~372°C 5 B w(NaCl,) K 3%~11%, F L B
B A g g AR A AR ) — R BE Ol 175~310°C (ER B
w(NaClo,) A 2%~13% , W Bt Be J5 fife A v it A f3 2 44
H)— W BE N 141~235°C, 32 B w(NaCl,) K 1%~10%;
@ 1 & 50 A M LBy B 12.7%0 % 2 3 By Br 11
12.3%o , Xt RiL (14 850y o FYEL 53531124 5.8%0 £l 3.5%

Lubin-Zardeh X & U4 4 07 K 4 R UTIE £ 5 5
LA 1 R RO S KA KIR A A O (Zamani-
an et al., 2019), FEUEHE AR O L& HOKR A
RITfRA @ A R SN E R HEA WA
BRI AR ; B B A S ik A AR — R
4 265~339°C L w(NaCl, ) 13%~17%, T 188 1
A7 - A6 Ik A R AR 34— TR Bl 94~205°C LR
J& w(NaCl,)h 0~7% ; @ 755 350 {E 5w - Bir Bt
f9°9.6%0~12.8%o [ 1 7.2%0~9.24%0 , X I ) 810y o
1823 5 M 2.5%0~6.9%0 & —0.3%0~2.4%0; & Tk
1) &3S {EL BT - i Bt 19 —0.9%0~6.2%o0 & “h1—6.6%0~
~1.9%o.

Zehabad PR BT EE L & @A IR A Sk A H
BRI RR T A AR S [ AR AR
WA 5 AR 15 4 5 (Shahbazi et al., 2019),

44 ERIREBREESHERY KM= 5KE

Bz

H5R UDMA H R B — 207 iU IR Uk AT IR
R fe 32 2 ) U A FH O vl tH B B AR A
JE B, T 40 Sungun . Meiduk . Sar Cheshmeh %5 7Y - 4
RIS IR (3R 2)o X223 Wl IR A A IR 5 5 2 72
W IR =S (8] F AR PR B , A7 78 /D B0 B B 40 4 1) b
FELR B 1 UG PR R IR

1E Meiduk BE 7+ 4 57 (500 Mt, 0.8%Cu, 0.007%
Mo; Aghazadeh et al., 2015)Jt#B8 %Y 8 km [ Latala 4
B i B A 4 0 KRN B LA AR i, Ho i 4
WK SE VT BE A # K . Padyar 5%(2017)1A 4 , Mei-
duk 1 Latala B PR RE T 14> B 0 40 - 25 g 2R 40 4 -
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Table 2 Statistical table of diagenesis/metallogenic age of UDMA porphyry deposit in Iran

PR 41 U-PbAE S /Ma WEFHE Re-Os 4F- 4/ Ma BRI
Sungun (21.01+0.15) (21.70+0.20) Aghazadeh et al., 2015; Simmonds et al., 2017
Haft Cheshmeh (19.46+0.39) (27.6140.40) Aghazadeh et al., 2015; Hassanpour et al., 2015
Dalli (15.600.10) X4, 2019
Kahang (14.90+0.10) (15.17+0.22) Aghazadeh et al., 2015; Raeisi et al., 2021
Chah Firouzeh (16.54+16.91) (16.19+£0.23) Aghazadeh et al., 2015; Mohammaddoost et al., 2017
Tju (9.27+0.50) (9.80+0.06) Mirnejad et al., 2013
Meiduk (12.50+0.10) (12.23+0.07) Mclnnes et al., 2003; Taghipour et al., 2008
Abdar (7.50+0.10) (6.30+0.18) Aghazadeh et al., 2015; Mclnnes et al., 2003
Sar Kuh (15.18+0.43) (15.14+0.08) Mirnejad et al., 2013
Sar Cheshmeh (12.97+0.24) (13.20+0.25) Aghazadeh et al., 2015
Now Chun (13.71£0.23) Aghazadeh et al., 2015
Darreh Zar (16.40+0.22) (15.66+0.23) Aghazadeh et al., 2015
Bagh Khoshk (17.85+0.10) Aghazadeh et al., 2015
Kuh Panj (9.17+0.14) Aghazadeh et al., 2015

Bondar-e-Hanza

Dar Alu

(27.35+0.71)

(28.38+0.35)
(12.96+1.90)

Aghazadeh et al., 2015
Aghazadeh et al., 2015

HB AL A BEER AT R G, U I A A I B AR R
A MBS B PR B IR R EEEN
&, Meiduk REA4- PR 40 A B 78 g T e PG B
e AR BT T2 L BT KL B i, KESH BT Re-Os 4F
% (12.23+0.07)Ma Fl BEF 19 5 A U-Pb 4F 3 (12.50+
0.10)Ma & BB A 1 H & 4 7E 29 12.2 Ma(Taghipour
et al., 2008; Aghazadeh et al., 2015), [fj Latala & K
WA Bl o B T Ll s 32k L s b T ik
RAERA L ZH R VE R 5 g5 9 3k
T BIRH G 1 T AH Y AR BE 54 . PR, Latala
7K 5 Meiduk B2 40 52 5 & T[] — ™ 24
DL I Latala " R ER I 75 A7 75 B AR B9 5 5 B4 7 38
g Lot — DY

5 4

(1) B B AR TR AT PR R 22 0™ FE I SR Al
Heih 2 i) UDMA Fl AMA 47 H, UDMA H B9 R 43
BN AL, FEIE BT B A o i 1 AMA
TR 32 2R AL AE AR Y TCS FPE &K% THMB
B o B B A R B dR R I R L B AR
1) 25 5 1T 65 K Hbb s 7 8 DA % 5 B B8 R i AR o i
J 0 R BT SR b R P A 1 2 S AL O

(2) B ARG IR BB IR 1T 43 A 5 i Y Cu-
Au+Ag B IR R Po-Zn 5 K DL S AR 7 Au-Ag

B PR o AR 23 s A Ak n] BE - I 3T 1) B B AR A
ey P8 [ — 2 B e ™ R 5

(3) DA AR IR AR B R 2 s DT A AL A
RO S R SR LA S RS IR S

References

Agard P, Omrani J, Jolivet L and Mouthereau F. 2005. Convergence
history across Zagros (Iran): Constraints from collisional and ear-
lier deformation[J]. International Journal of Earth Sciences, 94(3):
401-419.

Agard P, Yamato P, Jolivet L and Burov E. 2009. Exhumation of ocea-
nic blueschists and eclogites in subduction zones: Timing and
mechanisms[J]. Earth Science Reviews, 92(1-2): 53-79.

Agard P, Omrani J, Jolivet L, Whitechurch H, Vrielynck B, Spakman
W, MoniE P, Meyer B and Wortel R. 2011. Zagros orogeny: A sub-
duction-dominated process[J]. Geological Magazine, 148(5-6):
692-725.

Aghazadeh M, Hou Z Q, Badrzadeh Z and Zhou L M. 2015. Temporal-
spatial distribution and tectonic setting of porphyry copper depo-
sits in Iran: Constraints from zircon U-Pb and molybdenite Re-Os
geochronology[J]. Ore Geology Reviews, 70: 385-406.

Alavi M. 1979. The virani ophiolite complex and surrounding rocks[J].
Geologische Rundschau, 68(1): 334-341.

Alavi M. 1996. Tectonostratigraphic synthesis and structural style of
the Alborz mountain system in northern Iran[J]. Journal of Geody-
namics, 21(1): 1-33.

Alipour-Asll M. 2019. Geochemistry, fluid inclusions and sulfur iso-



H 405 F2 M)

o BT DRI AR T AT PRI 23 23 A LA 5 T RS TR 341

topes of the Govin epithermal Cu-Au mineralization, Kerman
Province, SE Iran[J]. Journal of Geochemical Exploration, 196:
156-172.

Axen G J, Lam P S, Grove M, Stockli D F and Hassanzadeh J. 2001.
Exhumation of the West-Central Alborz Mountains, Iran, Caspian
subsidence, and collision-related tectonics[J]. Geology, 29(6):
559-562.

Ayati F, Yavuz F, Asadi H H, Richards J P and Jourdan F. 2013. Petrolo-
gy and geochemistry of calc-alkaline volcanic and subvolcanic
rocks, Dalli porphyry copper-gold deposit, Markazi Province,
Iran[J]. International Geology Review, 55(2): 158-184.

Bagheri S and Stampfli G M. 2008. The Anarak, Jandaq and Posht-
E-Badam metamorphic complexes in Central Iran: New geological
data, relationships and tectonic implications[J]. Tectonophysics,
451(1-4): 123-155.

Cagatay A, Pehlivanoglu H and Altun Y. 1980. Cobalt-gold minerals in
Kure pyritic copper deposits (Kastamonu Province, Turkey) and
their economic values[J]. MTA Bulletin, 93-94: 110-117.

Chiu HY, Chung S L, Zarrinkoub H M, Mohammadi S S, Khatib M M
and Lizuka Y. 2013. Zircon U-Pb age constraints from Iran on the
magmatic evolution related to Neotethyan subduction and Zagros
orogeny[J]. Lithos, 162-163: 70-87.

Dargahi S, Arvin M, Pan Y and Babaei A. 2010. Petrogenesis of post-
collisional A-type granitoids from the Urumieh-Dokhtar magmatic
assemblage, southwestern Kerman, Iran: Constraints on the Arabi-
an-Eurasian continental collision[J]. Lithos, 115(1-4): 190-204.

Dercourt J, Zonenshain L P, Ricou L E, Kazmin V G, Pichou L and Bi-
ju D B. 1986. Geological evolution of the Tethys belt from the at-
lantic to the pamirs since the LIAS[J]. Tectonophysics, 123(1-4):
241-315.

Duan J, Tang J, Li Y, Liu S A, Wang Q, Yang C and Wang Y. 2016.
Copper isotopic signature of the Tiegelongnan high-sulfidation
copper deposit, Tibet: Implications for its origin and mineral ex-
ploration[J]. Mineralium Deposita, 51(5): 591-602.

Einaudi M T, Hedenquist J W and Inan E E. 2003. Sulfidation state of
fluids in active and extinct hydrothermal systems: Transitions
from porphyry to epithermal environments[J]. Society of Econo-
mic Geologists Special Publication, 10: 258-313.

Esmaeli M, Lotfi M and Nezafati N. 2015. Fluid inclusion and stable
isotope study of the Khalyfehlou copper deposit, southeast Zan-
jan, Iran[J]. Arabian Journal of Geosciences, 8(11): 9625-9633.

Fazel T E, Mehrabi B and Ghasemi S M. 2019. Epithermal systems of
the Torud-Chah Shirin district, northern Iran: Ore-fluid evolution
and geodynamic setting[J]. Ore Geology Reviews, 109: 253-275.

Federico C, Aiuppa A, Allard P, Bellomo S, Jean B P, Parello F and Va-
lenza M. 2002. Magma-derived gas influx and water-rock interac-
tions in the volcanic aquifer of Mt. Vesuvius, Italy[J]. Geochimica
et Cosmochimica Acta, 66(6): 963-981.

Frimmel H E. 2008. Earth's continental crustal gold endowment[J].
Earth and Planetary Science Letters, 267(1): 45-55.

Gemmell J B. 2006. Exploration implications of hydrothermal altera-

tion associated with epithermal Au-Ag deposits[J]. Aseg Extended
Abstracts, 1: 343-370.

Giggenbach W F and Stewart M K. 1982. Processes controlling the iso-
topic composition of steam and water discharges from steam
vents and steam-heated pools in geothermal areas[J]. Geother-
mics, 11(2): 71-80.

Haghighi B, Zarei S R, Zamanian H and Ahmadi K A. 2018. Geoche-
mical, Sr-Nd isotopic investigations and U-Pb zircon chronology
of the Takht granodiorite, West Iran: Evidence for post-collisional
magmatism in the northern part of the Urumieh-Dokhtar magma-
tic assemblage[J]. Journal of African Earth Sciences, 139: 354-
366.

Hassanpour S, Alirezaei S, Selby D and Sergeev S. 2015. SHRIMP zir-
con U-Pb and biotite and hornblende Ar-Ar geochronology of
Sungun, Haftcheshmeh, Kighal, and Niaz porphyry Cu-Mo sys-
tems: Evidence for an Early Miocene porphyry-style mineraliza-
tion in northwest Iran[J]. International Journal of Earth Sciences,
104(1): 45-59.

Hassanzadeh J and Wernicke B P. 2016. The Neotethyan Sanandaj-Sirjan
zone of Iran as an archetype for passive margin-arc transitions[J].
Tectonics, 35(3): 586-621.

Hayba D O. 1997. Environment of ore deposition in the Creede mining
district, San Juan Mountains, Colorado; Part V, Epithermal mine-
ralization from fluid mixing in the OH Vein[J]. Econ. Geol., 92
(1): 29-44.

Heald P, Foley N K and Hayba D O. 1987. Comparative anatomy of
volcanic-hosted epithermal deposits; acid-sulfate and adularia-se-
ricite types[J]. Econ. Geol., 82(1): 1-26.

Hedenquist J W and Lowenstern J B. 1994. The role of magmas in the
formation of hydrothermal ore deposits[J]. Nature, 370(6490):
519-527.

Hedenquist J W, Izawa E, Arribas A and White N C. 1995. Epithermal
gold deposits: Styles, characteristics and exploration[J]. SEG
Newsletter, 23(1): 9-13.

Hedenquist J] W and Arribas A. 2000. Exploration for epithermal gold
deposits[J]. SEG Reviews, 13: 245-277.

Hezarkhani A and Williams-Jones A E. 1998. Controls of alteration and
mineralization in the Sungun porphyry copper deposit, Iran; Evi-
dence from fluid inclusions and stable isotopes[J]. Econ. Geol., 93
(5): 651-670.

Hezarkhani A. 2006. Hydrothermal evolution of the Sar-Cheshmeh por-
phyry Cu-Mo deposit, Iran: Evidence from fluid inclusions[J].
Journal of Asian Earth Sences, 28(4-6): 409-422.

Hooper R J, Baron I, Hatcher R D and Agah S. 1994. The development
of the southern Tethyan margin in Iran after the break up of Gond-
wana: Implications of the Zagros hydrocarbon province[J]. Geo-
sciences, 4: 72-85.

Hou Z Q, Zheng Y C, Yang Z M and Yang Z S. 2012. Metallogenesis
of continental collision setting: Part I.Gangdese Cenozoic porphy-
ry Cu-Mo systems in Tibet[J]. Mineral Deposits, 31(4): 647-670
(in Chinese with English abstract).



342 N JZS

Hh 5 2021 4F

Hou Z Q and Zhang H. 2015a. Geodynamics and metallogeny of the
eastern Tethyan metallogenic Domain[J]. Acta Geologica Sinica,
70: 364-384.

Hou Z Q, Duan L F, Yang Z M, Pei Y R, Lu Y J, Mc Cuaig C T, Zheng
Y C, Zhu D C and Zhao Z D. 2015b. Lithospheric architecture of
the Lhasa Terrane and its control on ore deposits in the Himala-
yan-Tibetan orogen[J]. Econ. Geol., 110(6):1541-1575.

HouZ Q,Yang ZM, Wang R and Zheng Y C. 2020. Further discussion on
porphyry Cu-Mo-Au deposit formation in Chinese mainland[J].
Earth Science Frontiers, 27(2): 20-44 (in Chinese with English ab-
stract).

Huang H X, Li G M, Liu H, Zhang H M, Zhang L K, Yu k, Jiao Y L
and Liang X. 2018. An low sulfide epithermal gold-silver polyme-
tallic deposit newly discovered in the western section of the Gang-
dise metallogenic belt[J]. Geology in China, 45(3): 628-629 (in
Chinese with English abstract).

Jannessary M R, Melcher F, Lodziak J and Meisel T C. 2012. Review
of platinum-group element distribution and mineralogy in chro-
mitite ores from southern Iran[J]. Ore Geology Reviews, 48: 278-
305.

John A D. 2011. Epithermal gold-silver deposits of the Hauraki gold-
field, New Zealand: Anintroduction[J]. Econ. Geol., 106(6): 915-
919.

Kouhestani H, Ghaderi M, Zaw K, Meffre S and Emami M H. 2012.
Geological setting and timing of the Chah Zard breccia-hosted epi-
thermal gold-silver deposit in the Tethyan belt of Iran[J]. Minera-
lium Deposita, 47(4): 425-440.

Kouhestani H, Ghaderi M, Chang Z and Zaw K. 2015. Constraints on
the ore fluids in the Chah Zard breccia-hosted epithermal Au-Ag
deposit, Iran: Fluid inclusions and stable isotope studies[J]. Ore
Geology Reviews, 65(2): 512-521.

Kouhestani H, Mokhtari M A A, Chang Z S and Johnson C A. 2018. In-
termediate sulfidation type base metal mineralization at Aliabad-
Khanchy, Tarom-Hashtjin metallogenic belt, NW Iran[J]. Ore
Geology Reviews, 93: 1-18.

LiJ P and Wu L S.2008. Geological tectonics and regional mineraliza-
tion in Iran[J]. Mineral Deposits, 27(1): 120-122 (in Chinese with
English abstract).

Lindgren W. 1922. A suggestion for the terminology of certain mineral
deposits[J]. Econ. Geol., 17(4): 292-294.

Mazhari S A, Bea F, Amini S, Ghalamghash J, Molina J F, Montero P,
Scarrow J H and Williams I S. 2009. The Eocene bimodal Piran-
shahr massif of the Sanandaj-Sirjan Zone, NW Iran: A marker of
the end of the collision in the Zagros orogen[J]. Journal of the
Geological Society, 166(1): 53-69.

Mclnnes B I A, Evans N J, Belousova E and Griffin W L. 2003. Por-
phyry copper deposits of the Kerman belt, Iran: Timing of mine-
ralization and exhumation processes[R]. CSIRO Scientific Re-
search Report, 41.

Mehrabi B and Majid S G. 2012. Intermediate sulfidation epithermal
Pb-Zn-Cu(+ Ag-Au) mineralization at Cheshmeh Hafez deposit,

Semnan Province, Iran[J]. Journal of the Geological Society of In-
dia, 80(4): 563-578.

Mehrabi B, Majid S G, Goldfarb R, Azizi H, Ganerod M and Marsh E
E. 2016. Mineral assemblages, fluid evolution, and genesis of
polymetallic epithermal veins, Glojeh district, NW Iran[J]. Ore
Geology Reviews, 78: 41-57.

Metcalfe 1. 1996. Gondwanaland dispersion, Asian accretion and evolu-
tion of eastern Tethys[J]. Australian Journal of Earth Sciences, 43
(6): 605-623.

Mirnejad H, Hassanzadeh J, Cousens B L and Taylor B E. 2010. Geo-
chemical evidence for deep mantle melting and lithospheric de-
lamination as the origin of the inland Damavand volcanic rocks of
northern Iran[J]. Journal of Volcanology and Geothermal Re-
search, 198(3-4): 288-296.

Mirnejad H, Mathur R, Hassanzadeh J, Shafie B and Nourali S. 2013.
Linking Cu mineralization to host porphyry emplacement: Re-Os
ages of molybdenites versus U-Pb ages of zircons and sulfur iso-
tope compositions of pyrite and chalcopyrite from the Iju and
Sarkuh porphyry deposits in southeast Iran[J]. Econ. Geol., 108
(4): 861-870.

Mohajjel M, Fergusson C L and Sahandi M R. 2003. Cretaceous-Tertia-
ry convergence and continental collision, Sanandaj-Sirjan Zone,
western Iran[J]. Journal of Asian Earth Sciences, 21(4): 397-412.

Mohammaddoost H, Ghaderi M, Kumar T V, Hassanzadeh J, Alirezaei
S and Babu E. 2017. Zircon U-Pb and molybdenite Re-Os geo-
chronology, with S isotopic composition of sulfides from the
Chah-Firouzeh porphyry Cu deposit, Kerman Cenozoic arc, SE
Iran[J]. Ore Geology Reviews, 88:384-399.

Motaghi K, Tatar M, Priestley, Doglioni C, Romanelli F and Panza G
F. 2015. The deep structure of the Iranian Plateau[J]. Gondwana
Research, 28(1): 407-418.

Mousivand F, Rastad E, Meffre S, Peter ] M, Solomon M and Zaw K.
2011. U-Pb geochronology and Pb isotope characteristics of the
Chahgaz volcanogenic massive sulphide deposit, southern Iran[J].
International Geology Review, 53(9-10): 1239-1262.

Padyar F, Rahgoshay M, Alirezaei S, Tarantola A, Vanderhaeghe O and
Caumon M C. 2017. Evolution of the mineralizing fluids and pos-
sible genetic links between Miduk porphyry copper and Latala
vein type deposits, Kerman copper belt, South Iran[J]. Journal of
the Geological Society of India, 90(5): 558-568.

Paul A, Hatzfeld D, Kaviani A and Tatar M. 2010. Seismic imaging of
the lithospheric structure of the Zagros mountain belt (Iran)[J].
Geological Society London Special Publications, 330(1):5-18.

Pudack C, Halter W E, Heinrich C A and Pettke T. 2009. Evolution of
magmatic vapor to gold-rich epithermal liquid: The porphyry to
epithermal transition at Nevados de Famatina, northwest Argenti-
na[J]. Econ. Geol., 104 (4): 449-477.

Raeisi D, Zhao M, Babazadeh S, Long L E, Hajsadeghi S and Modab-
beri S. 2021. Synthesis on productive, sub-productive and barren
intrusions in the Urumieh-Dokhtar magmatic arc, Iran, constraints

on geochronology and geochemistry[J]. Ore Geology Reviews,



H 405 F2 M)

o BT DRI AR T AT PRI 23 23 A LA 5 T RS TR 343

103997.

Rajabi A, Rastad E and Canet C. 2013. Metallogeny of Permian-Trias-
sic carbonate-hosted Zn-Pb and F deposits of Iran: A review for
future mineral exploration[J]. Australian Journal of Earth Scienc-
es, 60(2): 197-216.

Rajabpour S, Behzadi M, Jiang S Y, Rasa I, Lehmann B and Ma Y.
2017. Sulfide chemistry and sulfur isotope characteristics of the
Cenozoic volcanic-hosted Kuh-Pang copper deposit, Saveh Coun-
ty, northwestern Central Iran[J]. Ore Geology Reviews, 86: 563-
583.

Rajabpour S, Yong J S, Lehmann B and Shahrokh R. 2018. Fluid inclu-
sion and O-H-C isotopic constraints on the origin and evolution of
ore-forming fluids of the Cenozoic volcanic-hosted Kuh-Pang
copper deposit, Central Iran[J]. Ore Geology Reviews, 94: 277-
289.

Ramezani J and Tucker R D. 2003. The Saghand Region, Central Iran:
UPb geochronology, petrogenesis and implications for Gondwana
Tectonics[J]. American Journal of Science, 303(7): 622-665.

Richards J P, Wilkinson D and Ullrich T. 2006. Geology of the Sari Gu-
nay epithermal gold deposit, northwest Iran[J]. Econ. Geol., 101
(8): 1455-1496.

Richards J P, Spell T, Rameh E, Razique A and Fletcher T. 2012. High
Sr/Y magmas reflect arc maturity, high magmatic water content,
and porphyry CuxMo=Au potential: Examples from the Tethyan
Arcs of Central and eastern Iran and western Pakistan[J]. Econ.
Geol., 107(2): 295-332.

Richards J P. 2015. Tectonic, magmatic, and metallogenic evolution of
the Tethyan orogen: From subduction to collision[J]. Ore Geology
Reviews, 70: 323-345.

Sadeghian M, Bouchez J, Nedelec A, Siqueira R and Valizadeh M.
2005. The granite pluton of Zahedan (SE Iran): A petrological and
magnetic fabric study of a syntectonic sill emplaced in a transten-
sional setting[J]. Journal of Asian Earth Sciences, 25(2): 301-327.

Saki A. 2010. Proto-Tethyan remnants in northwest Iran: Geochemistry
of the gneisses and metapelitic rocks[J]. Gondwana Research, 17
(4): 704-714.

Sengor A M C. 1979. Mid-Mesozoic closure of Permo-Triassic Tethys
and its implications[J]. Nature, 279(5714): 590-593.

Sengor A M C. 1987. Tectonics of the tethysides: Orogenic collage de-
velopment in a collisional setting[J]. Annual Review of Earth and
Planetary Sciences, 15(1): 213-244.

Sengor A M C. 1990. A new model for the late Palaecozoic-Mesozoic
tectonic evolution of Iran and implications for Oman[J]. Geology
& Tectonics of the Oman Region, 49(1): 797-831.

Shahabpour J and Kramers J D. 1987. Lead isotope data from the Sar-
Cheshmeh porphyry copper deposit, Iran[J]. Mineralium Deposi-
ta, 22(4): 278-281.

Shahbazi S, Ghaderi M and Alfonso P. 2019. Mineralogy, alteration,
and sulfur isotope geochemistry of the Zehabad intermediate-sul-
fidation epithermal deposit, NW Iran[J]. Turkish Journal of Earth
Science, 28(6): 882-901.

Shamanian G H, Hedenquist J W, Hattori K H and Hassanzadeh J.
2004. The gandy and abolhassani epithermal prospects in the Al-
borz magmatic arc, Semnan Province, northern Iran[J]. Econ.
Geol., 99(4): 691-712.

Sholeh A, Rastad E, Huston D, Gemmell J B and Taylor R D. 2016.
The Chahnaly low-sulfidation epithermal gold deposit, western
Makran volcanic Arc, southeast Iran[J]. Econ. Geol., 111(3): 619-
639.

Sillitoe R and Hedenquist J. 2003. Linkages between volcano tectonic
settings, ore-fluid compositions, and epithermal precious-metal
deposits[J]. Society of Economic Geologists: Special Publication,
10: 315-343.

Simmonds V, Moazzen M and Mathur R. 2017. Constraining the timing
of porphyry mineralization in northwest Iran in relation to Lesser
Caucasus and Central Iran; Re-Os age data for Sungun porphyry
Cu-Mo deposit[J]. International Geology Review, 59(12): 1561-
1574.

Singer D A. 1995. World-class base and precious metal deposits a
quantitative analysis[J]. Econ. Geol., 90(1): 88-104.

Song Y, Yang C, Wei S, Yang H, Fang X and Lu H. 2018. Tectonic con-
trol, reconstruction and preservation of the Tiegelongnan porphy-
ry and epithermal overprinting Cu (Au) deposit, Central Tibet,
China[J]. Minerals, 8(9):398-415.

Sorkhabi R and Heydari E. 2008. Asia out of Tethys: Foreword[J]. Tec-
tonophysics, 451(1-4): 1-6.

Spakman W. 1986. Subduction beneath Eurasia in connection with the
Mesozoic Tethys[J]. Geologie En Mijnbouw, 65(2): 145-153.
Stampfli G. 2000. Tethyan oceans[J]. Geological Society of London,

Special Publication, 173: 163-185.

Sun X, LuY J,Li Q and Li RY. 2021. A downgoing Indian lithosphere
control on along-strike variability of porphyry mineralization in
the Gangdese belt of southern Tibet[J]. Econ. Geol., 116: 29-46.

Sun X, Zheng Y, Li M, Ouyang H, Liu Q, Jing X, Sun G and Song Q.
2017a. Genesis of Luobuzhen Pb-Zn veins: Implications for por-
phyry Cu systems and exploration targeting at Luobuzhen-Dong-
shibu in western Gangdese belt, southern Tibet[J]. Ore Geology
Reviews, 82: 252-267.

Sun X, Zheng Y Y, Xu J, Huang L H, Guo F and Gao S B. 2017b.
Metallogenesis and ore controls of Cenozoic porphyry Mo depo-
sits in the Gangdese belt of southern Tibet[J]. Ore Geology Re-
views,81(2): 996-1014.

Sun X, Hollings P and Lu Y J. 2020. Geology and origin of the Zhunuo
porphyry copper deposit, Gangdese belt, southern Tibet[J]. Mine-
ralium Deposita, 56: 457-480.

Taghipour N, Aftabi A and Mathur R. 2008. Geology and Re-Os geo-
chronology of mineralization of the Miduk porphyry copper de-
posit, Iran[J]. Resource Geology, 58(2): 143-160.

Takin M. 1972. Iranian geology and continental drift in the Middle
East[J]. Nature, 235(5334): 147-150.

Verdel C, Wernicke B P, Hassanzadeh J and Guest B. 2011. A Paleo-

gene extensional arc flare-up in Iran[J]. Tectonics, 30(3): 1-20.



344 N JZS

Hh 5 2021 4F

Wang R, Richards J P, Zhou L M, Hou Z Q, Stern R A, Creaser R A
and Zhu J J. 2015. The role of Indian and Tibetan lithosphere in
spatial distribution of Cenozoic magmatism and porphyry Cu-Mo
deposits in the Gangdese belt, southern Tibet[J]. Earth-Science
Reviews, 150: 68-94.

Wang R, Zhu D C, Wang Q, Hou Z Q, Yang Z M, Zhao Z D and Mo X
X. 2019. Porphyry mineralization in the Tethyan orogen[J]. Sci-
ence China Earth Sciences, 12: 1919-1946 (in Chinese with Eng-
lish abstract).

White N C, John D A and Simmons S F. 2005. Geological characteris-
tics of epithermal precious and base metal deposits[J]. Economic
Geology, 100th Anniversary Volume: 458-522.

Wu F Y, Wan B, Zhao L, Xiao W J and Zhu R X. 2020. Tethyan geody-
namics[J]. Acta Petrologica Sinica, 36(6): 1627-1674 (in Chinese
with English abstract).

Yang C, Tang J X and Wang Y Y. 2014. Fluid and geological charac-
teristics researches of southern Tiegelong epithemal porphyry Cu-
Au deposit in Tibet[J]. Mineral Deposits, 33(6): 1287-1305 (in
Chinese with English abstract).

Yang C, Lin C, Bo W, Wei L and Talebian M. 2020. Structural evolu-
tion of the western Makran[J]. Acta Geologica Sinica(English Edi-
tion), 94: (Supp.): 8.

Yang H H, Song Y, Tang J, Wang Q and Wei S. 2019. Low temperature
history of the Tiegelongnan porphyry-epithermal Cu (Au) deposit
in the Duolong ore district of northwest Tibet, China: The
Tiegelongnan deposit; low temperature history[J]. Resource Geo-
logy, 70(2): 111-124.

Yang Z M, Goldfarb R and Chang Z S. 2016. Generation of postcolli-
sional porphyry copper deposits in southern Tibet triggered by
subduction of the Indian continental plate[J]. Society of Economic
Geologists Special Publication, 19: 279-300.

Yasami N, Ghaderi M, Madanipour S and Taghilou B. 2017. Structural
control on overprinting high-sulfidation epithermal on porphyry
mineralization in the Chodarchay deposit, northwestern Iran[J].
Ore Geology Reviews, 86: 212-224.

Zamanian H, Rahmani S and Zareisahameih R. 2019. Fluid inclusion
and stable isotope study of the Lubin-Zardeh epithermal Cu-Au
deposit in Zanjan Province, NW Iran: Implications for ore gene-
sis[J]. Ore Geology Reviews, 112: 103014.

Zhang H R and Hou Z Q. 2015. Tectonic evolution and metallogeny of

Zagros, Iran[J]. Acta Geologica Sinica, 89(9): 1560-1572 (in Chi-
nese with English abstract).

Zhang H R and Hou Z Q. 2018. Metallogenesis within continental col-
lision zones: Comparisons of modern collisional orogens[J]. Sci-
ence China Earth Sciences, 48(12): 1629-1654(in Chinese with
English abstract).

Zhang H R, Chen J, Yang T, Hou Z and Aghazadeh M. 2018. Jurassic
granitoids in the northwestern Sanandaj-Sirjan Zone: Evolving
magmatism in response to the development of a Neo-Tethyan slab
window[J]. Gondwana Research, 62: 269-286.

Zhao M, Yang Z S and Zhang H R. 2019. Geochemical constraints on
fertile and infertile Miocene magmatic suite in Dalli area, Iran and
its insights for metallogeny[J]. Earth Science, 44(6): 2187-2196
(in Chinese with English abstract).

Mt F 32 5 25 Sk

s, R, RS W, B A% . 2012, KRBE G s 75 -1 KR i
HEBEA T RGE[T]. B R LT, 31(4): 647-670.

sk, B, B, B )1 . 2020. FEEH FE K RE Cu-Mo-Au
W R VEFI[I]. #2202, 27(2): 20-44.

BT, 7, X, Sk, TS, AR, SRR, B4E . 2018 X
I ST A T B 1 K A ST A 2 R AR A B 1 PR - A
HAHRZEIR IR T ET, 45(3): 628-629.

ZEERT, 2 R1o . 2008. A7 T HE TR 1 K H DI [I]. 0 PR SR, 27
(1): 120-122.

T, R, T, PN, i, RGBS, S 2010 4RI
T L BEE T 1R ). R kR, 12: 1919-1946.

ST, T, RSE, 1 S0sE, AR HAE . 2020. FREET LBk SN )2 (0]. A
F1%4R, 36(6): 1627-1674 .

Wi, FEA 24, T2 2. 2014, PO RAJAS b e v MG TR FAR 70 - B 2 TR
Cu-Au 8" JR I 1A K 3 J57 45 AF F 5% [9]. B K HiL J5R, 33(6): 1287-
1305.

e, EHETE. 2015, (P IHLAS B ST 1L A 5 T AL S A [0]. M
AR, 89(9): 1560-1572.

e, BEHE . 2018, KB RER T ML VE - A7 4% Rl 1 L2y 5
RFFE[I]. R Bk R, 48(12): 1629-1654.

BT, AT ER, TR HES . 2019, B R ERT X OB i R K TE T B
HBR AL 2% X5 LG B X B 14 5 R (7], HBR B2, 44(6):2187 -
2196.



