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Ag 1
As |-0.209| 1
Co [-0.277]0.077 | 1
Cu [0.768"|-0.172 | -0.306 | 1
Fe [-0.090|-0.122|0.620™| -0.072| 1
Li | 0.074 | 0.040 |0.586 | 0.059 |0.668 | I
Mn [-0.026 | 0.223 |0.589"| -0.037 | 0.615™(0.685™| 1
Ni [-0.155[-0.017 |0.828"| -0.203 | 0.803™|0.677"0.589™| 1
Pb [-0.209 | 0.095 |0.696™| -0.214 | 0.270 | 0.394" | 0.397 | 0.411"| 1
S | 0.045 | -0.294 |0.545™| 0.050 | 0.272 | 0.318 | 0.106 [0.465(0.582"| 1
Sb [-0.251[0.411"| 0.059 |-0.094 | 0.198 | -0.041 | 0.136 | 0.049 |-0.061 | -0.111 | 1
Ti |-0.329| 0.086 |0.802™| -0.323 |0.713"]0.52170.5197|0.924"| 0.422" |0.447™| 0.162 | 1
Zn |-0.133]0.002 [0.8117|-0.055/0.736"|0.777"|0.634" |0.799"|0.678""[0.560" | 0.099 [0.754"| 1
Ag As Co Cu Fe 11 Mn Ni Pb S Sb Ti Zn
**_ Correlation is significant at the 0.01 level (2-tailed).

*_ Correlation is significant at the 0.05 level (2-tailed).
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] Type C inclusions (P)

] Type Binclusions (S)
] Type Alinclusions (PS)
il
Growth
zoning

(Pirajno, 2009) (Wilkinson, 2001)
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High-sulfidation Low-sulfidation
Oxidized sulfur species (SO,, SO, HSOy) Reduced sulfur species (HS~, H,S) in ore fluid/vapor
in ore fluid/vapor

Also referred to as

Gold-alunite, acid—sulfate, alunite—kaolinite Adularia—sericite, hotspring-related
Fluids
Acidic pH, probably saline initially, dominantly magmatic Near-neutral pH, low salinity, gas-rich (CO,, H,5),

dominantly meteoric

Alteration assemblage

Advanced argillic (zonation: quartz-alunite-kaolinite— Adularia—sericite (zonation: quartz/chalcedony—calcite-|
illite—montmorillonite—chlorite) adularia—sericite—chlorite)

Metal associations

Au-Cu (lesser Ag, Bi, Te) Au-Ag (lesser As, Sb, Se, Hg)
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High sulfidation Low sulfidation

Epithermal Type

Oxidized magma | (Reduced magma)!

Intermediate sulfidation

Subalkaline magma

Alkaline magma

Type example El Indio, Chile Potosi, Bolivia Baguio, Philippines {(Au-rich); Midas, Nevada Emperor, Fiji
(vein);
Yanacocha, Peru Fresnillo, Mexico
(disseminated) (Agrich)
Genetically related | Mainly andesite Rhyodacite Principally andesite to rhyodacite | Basalt to rhyolite Alkali basalt to trachyte

volcanic rocks

to rhyodacite

but locally rhyolite

Key proximal
alteration
minerals

Quartz-alunite /APS;| Quartz-alunite /APS;
quartz- quartz-dickite at
pyrephyllite/ depth
dickite at depth

Sericite; adularia generally
uncommon

Mite/smectite-adularia

Roscoclite-illite-adularia

Silica gangue

Massive fine-grained silicification and
vuggy residual quartz

Veinfilling crustiform and comb
quartz

Veinfilling crustiform

and colloform
chalcedony and
quartz; carbonate-
replacement texture

Veinfilling crustiform
and colloform

chalcedony and quartz;

quartz deficiency
common in early
sLa; gt‘ 5

Carbonate gangue

Absent

Commen, typically including
manganiferous varieties

Present but typically
minor and late

Abundant but not
manganiferous

Other gangue

Barite common, typically late

Barite and manganiferous
silicates present locally

Baritc uncommon;
fluorite present
locally

Barite, cclestite, and/or

fluorite common
locally

Sulfide abundance

10-90 vol %

5—>20vol %

Typically <1-2 vol %
(but up to 20 vol %
where hosted by
basalt)

2-10 vol %

Key sulfide species

Enargite, luzonite, | Acanthite, stibnite
famatinite,

covellite

Sphalerite, galena, tetrahedrite-
tennantite, chalcopyrite

Minor to very minor arsenopyrite + pyrrhotite;
minor sphalerite, galena, tetrahedrite-
tennantite, chalcopyrite

Main metals

Au-Ag, Cu, As-Sb ‘Ag, Sb, Sn

Ag-Au, Zn, Pb, Cu

Aut Ag

Minor metals 7Zn, Ph, Bi, W, Mo, |Bi, W Mo, As, Sb Zn, Pb, Cu, Mo, As, Sh, Hg
Sn, Hg

Te and Se species Tellurides common;| None known but Tellurides common locally; Selenides common; Tellurides abundant;
selenides few data selenides uncommon tellurides present selenides uncommon

present locally

locally

APS = aluminum-phosphate-sulfate minerals
1 See text for elaboration of this lithocap-hosted style of mineralization
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Neutral pH

Mineral Temperature of Stability

100 150 200 250 300°C
-——

Smectite - —

lite / smectite
lllite

Chlorite / smectite
Chlorite

Biotite

Amphibole

Mordenite JE—

Laumontite
Wairaite
Epidote

Adularia -

Calcite -

—

* Quartz

Acid

Cristohalite ——

Pyrite -«

Marcasite - - — — —

Kaolinite -~

Dickite

Pyrophyllite

Iiite

Diaspare

Zunyite, topaz
Sulfur -

Jarasite - —

¥ Alunite -
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__ MASSIVE SULPHIDES (VMS)

_|EPITHERMAL
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WATER

HYDROTHERMAL ORE DEPOSIT TYPES

Groundwater/sea water [

VMS/SEDEX Sandslone-hqsted/sumcia?

um
Colorado plateau, Yeelirrie,

Shaliow
ulati

circtation
3
o)
%o

Approximate
depth

Connate
water

Kuroko, C’Xprus
Broken Hill, Red Dog

) |

3 Epithermal
v ,," P e — Eaiulga,
Ve o = = ishikari
.~ ~*" (Statiform diagenetic Cu) , |
T<¥--| Zambian Coﬁperbell, . i
N A Kupferschiefer ‘\\ ! /|
\A( \ /
Al ¥ 1
S __N\[Mississippi Valley) 3 /
S Viburnum trend ,:'.1‘._._ ..... /
£y

Epigenetic Au [
£ylin quartz-pebble conglomerate 4
/

Witwatersrand, Sierra ] \
/
{ (Porphyry Cu/Mo
F Escondida,
! Henderson

Jacobina

Skarn
1King Island,)
v~ (MacTung

-

Iron oxide-Cu-
Au
Carajas,
Olympic Dam

|
j ;

-1 Sn-W greisens
Cornwall

"~m.____ [Orogenic gold)
~~y Kalgoorlie,
Carlin
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Volcanic-Hydrothermal
System

Geysers

Geysers

Geothermal System

Hotsprings

—_—

D e e 05 5 = :
«ZLoW-sulphidation % ~2o0 il PHigh-sulphidation
== A
Magma N \ " Porphyry
. SEN Cu (Mo, A
Magmatic fluids % % 2 ../.'/ ti(MozAu)
.Y
—7 Liquid flow % EO-' A
\ =4 1
E Vapour ascent \ =
(Hedenquist and Lowenstern, 1994) ' 1km
\_47 Approximate
scale
Low sulfidation epithermal High sulfidation epithermal
(neutral pH, reduced) (acidic, oxidized)

Silica sinter
(not ore)
pH 6-8

Vuggy quartz
(ore host)
pH 1

H,S + 20, — H,SO,

Perched

steam-heated

acid sulfate water
H 2-3

H,S + 20, —=H,SO,

= T G0, Perched steam-heated
X H.S acid sulfate water
Ore with quartz~% —\ -~ "7 2-3
adularnia, calcite ~—__R-Boiling
pH 6 o

Propylitic \

co,
H,S

NaClt
Equilibration with rock /

Y //? — Meteoric e Kaolinite, | - TR

s .
7 water alunite

CO, SO, HCI H,S vaj i
24 HS por Ilite or
i ascent smectite

(White and Hedenquist, 1995)
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Low-salinity liquid derived from contracted magmatic vapor precipitates
epithermal gold + enargite + pyrite by boiling, fluid mixing or fluid-desulfidation

Epithermal
Stage

Acid neutralization by feldspar-destructive phyllic ateration helps maintain
high Au concentration inlow-salinity magmatic fluid

Low to moderate-salinity magmatic vapor contracts to aqueous liquid of same
composition, by cooling from >500° to <350°C at pressures above critical curve;
Cu-Fe-sulfide precipitation, whileAu remains in solution if S, > Cu+Fe,

Phase separation of buoyant H,S, SO,, Cu, As, Au rich vapor from a
condensing hypersaline liquid rich in FeCl.. Potassic alteration + deep porphyry-
Cu-Au mineralization

B L T A

Intermediate-density, medium-salinity magmatic fluid separating as a single
phase from hydrous magma

NaCl - H,0 phase stability

Legend ___andfiuidevolution paths

Advanced argillic alteration &
+ vuggy silica + alunite

I:l Phyllic alteration
(sericite-pyritexclay)

3

7] Cu-Fe-sulfides 2
a%% i
«

Fluid properties
H,0 salinity NaCl

halite

b ’
<X1  with potassic alteration

F3%] Barren potassic (+ magnetite)
alteration

:l Solidified porphyry _
+ propylitic alteration - o =
0

& density L

= unstable
in upper crust

|:l Partially molten magma
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(W) XRF 55, a5 Lol glooesT) Some dilaie 13 geis, 6hls slacKin 5l onds 4y gladigas ) Cevges

sample SiO; Al03 BaO CaO Fe0O3 KO MgO MnO NaO P;0Os SO; TiO; L.OI1 FeO:r FeO Al CCP
L1-1 672 1343 009 171 494 502 120 010 194 016 017 063 347 840 346 630 57.1
L1-7 500 1660 < 108 725 157 3.00 018 291 0.28 < 097 681 131 580 250 772
L2-3 642 1562 0.12 390 346 560 065 008 250 0.16 < 054 325 588 242 494 439
L2-12 66.2 1434 008 250 379 575 089 005 192 016 0.07 053 391 645 266 60.0 479
L3-1 655 1587 009 218 363 500 137 006 315 0.15 < 055 257 617 254 544 475
Sne dihais (g la> slaojie § Kl sladiges ,0 oo arwlxe Lol (slaocnST polie Y Congn

Sample Fe>O3 K20 MgO Na.O CaO FeOt¢ FeO Al CCP

AT1-1-0 3.69 5.53 0.97 1.10 2.13 6.27 2.58 66.79 52.19

AT1-2-0 3.74 4.58 0.64 1.72 1.62 6.36 2.62 60.95 52.62

AT1-3-0 3.55 441 0.80 2.47 1.84 6.03 2.48 54.76 49.82

AT1-5-0 3.71 5.45 0.78 0.56 2.42 6.30 2.59 67.62 54.10

AT2-1-0 3.66 4.37 0.58 2.56 2.10 6.22 2.56 51.47 49.50

AT3-1-0 3.56 5.81 0.67 0.94 2.11 6.06 2.50 68.00 49.97

AT5-1-0 3.15 541 0.57 2.09 0.66 5.36 2.21 68.47 44.13

BH1-0-5 3.68 6.77 0.65 0.98 3.12 6.26 2.58 64.41 47.13

BH1-4-7 3.55 6.75 0.63 1.26 2.70 6.04 2.49 65.09 45.42

BH1-7-15 3.47 7.13 0.67 0.92 3.61 5.90 2.43 63.26 44.95

BH2-0-4 3.43 6.04 0.54 1.11 1.92 5.83 2.40 68.47 47.11

BH2-4-8 3.28 5.92 0.56 1.07 2.05 5.57 2.29 67.53 46.71

BH2-8-16 3.12 5.12 0.89 1.97 3.04 5.31 2.19 54.53 46.65

BH3-2-7 3.15 5.60 0.71 2.74 2.07 5.35 2.20 56.74 42.10
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BH3-7-13
BH4-0-6
BH4-6-13
BH5-0-5
BH5-5-10
BH6-0-5
BH6-5-10

3.01
3.70
2.94
3.22
3.48
2.88
3.29

6.33
5.02
5.64
7.22
6.48
7.02
6.31

0.55
1.03
0.60
0.73
0.69
0.78
0.66

1.53
1.10
1.24
1.73
1.81
1.79
1.92

2.82
4.19
3.15
1.72
2.01
2.25
1.83

5.12
6.30
5.00
5.47
5.92
4.90
5.59

211
2.59
2.06
2.25
244
2.02
2.30

61.22
53.36
58.68
69.73
65.22
65.89
65.05

41.92
54.50
44.84
40.93
44.37
39.16
43.19

APPM) ICP-MS jig, 4 S Gl 5 £,8 yolie) G dahaie 10 SiuilS 5 geis ) lilo oS jloads a4 30 sladiges -Yiwwgn

sample L1-1 L1-7 L2-3 L2-12 L3-1 AT1-1 AT1-2 AT1-3 AT15 AT2-1 AT3-1 AT5-1
Ag 4.7 0.2 0.5 0.6 0.2 81.7 31.3 30.3 23.4 33.3 28.6 9.4
Al 54938 71610 52524 65335 62328 56265 71341 69852 60912 64051 59034 57121
As 6.1 2.7 3.2 7.2 7.4 9.4 8.6 5.9 9.2 8.3 3.3 16.7
Ba 583 310 849 624 664 599 581 542 516 675 590 910
Be 1.8 1.5 1.9 1.3 2 1.5 1.8 1.8 1.5 1.8 1.6 1.9
Bi 0.3 0.2 0.2 0.2 0.2 0.4 0.5 1 0.4 0.3 0.5 0.4
Ca 11181 57453 19619 13477 11600 15222 11604 13155 17319 15025 15096 4709
Cd <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce 50 38 44 47 52 43 52 54 40 48 46 45
Co 4.8 25.7 8.5 6.2 5.9 4.5 2.9 4.2 3.9 2.8 3.1 4.4
Cr 14 133 15 13 13 13 14 14 14 13 15 13
Cs 3.7 2.3 6.9 4.8 2.6 3.5 5.3 5.3 5.8 4.4 6 6.8
Cu 1572 70 120 38 75 18291 15184 13953 26217 22170 23185 9517
Dy 2.93 3.39 2.92 2.8 3.01 2.93 3.08 3.21 2.8 2.93 2.71 2.76
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Er
Eu
Fe
Gd
Hf

La
Li
Lu
Mg
Mn
Mo
Na
Nb
Nd
Ni

Pb
Pr
Rb

Sb
Sc
Se

1.92
0.76
23054
2.44
5.12
<0.5
41312
21
25
0.34
5108
481
1
17624
10.3
17.5
4
593
19
4.48
117
408
2
6.2
0.8

2.07
1.09
40349
3.07
2.98
<0.5
11337
18
26
0.32
15305
1098
<0.1
20808
8.4
18.9
33
1111
43
4.4
26
<50
1.3
23.2
0.64

1.75
0.92

20607

2.52
211
<0.5

30577

20
15
0.31

3576

530
14

18470

9
17.6
)
594
24
4.47
95
<50
<0.5
6
0.68

1.77
0.77

24289

2.55
3.14
<0.5

40825

23
30
0.26

5241

368
<0.1

14956

8.9
18.5
6
559
19
4.71
109
130
<0.5
7.5
<0.5

1.96
0.88
21905
2.62
3.59
<0.5
33839
24
34
0.32
7593
426
1.8
24915
10.9
19.3

613
28
5.12
99
51
<0.5
6.8
0.65

1.92
0.76
25782
2.31
4.61
<0.5
45902
18
25
0.34
5877
598
1.4
8188
10.1
17.5

697
20
4.39
139
<50
4.3
6.4
0.84

1.98
0.79
26163
2.62
4.47
<0.5
38028
24
16
0.32
3879
336
2.7
12787
11.8
20

737
20
5.26
129
<50
3.3
8.6
0.83

2.18
0.88
24815
2.69
454
<0.5
36642
25
21
0.34
4854
440
15
18333
11.9
20.2
4
709
21
5.2
112
<50
2.1
7.8
0.93

1.96
0.83
25918
2.37
3.89
<0.5
45221
19
22
0.33
4712
467
1.2
4152
9.8
17.7

692
21
4.47
142
<50
4.2
6.8
1.02

1.92
0.86
25587
252
4.34
<05
36283
22
19
0.34
3486
478
2.2
19022
10.6
17.7

657
30
4.66
114
<50
2.5
7.6
0.64

1.83
0.78
24933
2.47
4.22
<0.5
48199
21
19
0.3
4058
463
1.6
6944
9.8
16.9
3
719
22
4.34
141
<50
3.3
6.8
0.75

2.07
0.81
22037
2.32
5.48
<0.5
44888
19
24
0.36
3412
257
2.2
15514
11.7
16.8

695
22
4.15
134
<50
2.7
7.1
<0.5
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Sm 3.39 3.97 3.69 3.74 3.8 3.58 3.91 4.12 3.52 3.71 3.49 3.66
Sn 1.5 1 1.3 0.7 0.9 2.1 15 15 3.1 1.6 1.9 1.7
Sr 266.7 587.6 269.7 165.2 413.5 157.4 211.8 311.7 135.7 353.2 156.2 321.5
Ta 0.68 0.57 0.57 0.57 0.85 0.72 0.95 1.01 0.75 0.86 0.69 0.95
Th 0.46 0.54 0.47 0.47 0.48 0.48 0.53 0.52 0.49 0.49 0.46 0.47
Te 0.23 0.72 <0/1 0.18 0.32 0.29 0.1 0.26 0.28 0.26 0.14 <0.1
Th 9.94 441 1.47 9.39 10.6 9.42 11.32 11.77 9.94 10.19 9.9 11.58
Ti 3058 5488 3060 3087 3011 2717 3178 3017 2574 2749 2725 3145
TI 1 <0.1 0.57 0.49 0.49 1.36 1.14 0.75 1.23 0.6 1.04 2.39
Tm 0.3 0.28 0.27 0.26 0.29 0.3 0.31 0.33 0.28 0.32 0.29 0.31
U 3 1.18 2.3 1.8 2.6 3.6 51 3.9 5.4 3.2 3.4 3.2
\% 79 187 64 45 63 70 81 87 64 62 67 78
W 1.9 <1 11 11 15 2.2 2 1.8 1.8 1.3 1.8 1.6
Y 16.8 17.3 16.1 16.4 17 15.9 17.8 18.1 17 17.5 16.4 17.4
Yb 2.3 2.7 1.9 1.8 2.1 2.1 2.5 2.5 2.1 2.4 2.1 2.4
Zn 35 116 242 41 106 82 61 60 99 80 85 53
Zr 190 115 85 118 131 164 178 172 157 175 158 202
(@PM ICP-MS g, & (S1 SleaS g (o058 polie) (Soms dilain )3 (5l slaojine 5l oud 4525 sladiged -Fansy
sample Ag Al As Ba Be Ca Cd Ce Co Cr Cu Fe La Li Mg Mn
BH1-0-5 105 74462 83 435 11 22312 03 51 4 18 13888 25768 56236 25 19 3930 489
BH1-4-7 10.7 73223 6.6 541 1 19278 0.22 53 5 12 3894 24839 56052 24 20 3822 517
BH1-7-15 81 77328 81 578 1 25802 0.28 55 5 9 7516 24282 59167 29 20 4017 521
BH1-15-20 154 67149 8.7 446 1 22244 025 47 4 9 15858 22440 52911 21 17 3672 504



BH1-20-25 224 71545 7.7 508 1.1 18327 0.27 51
BH1-25-28 6.4 67762 26.1 541 <1 16773 0.26 55
BH1-28-31 215 70661 51 972 1 10482 034 55
BH1-31-34 84 72190 133 449 11 25732 0.27 53
BH2-0-4 472 61265 153 475 <1 13700 0.24 46
BH2-4-8 19.9 61622 8.3 468 <1 14661 0.22 46
BH2-8-16 1.8 72497 137 479 1 21691 0.27 58
BH2-17-21 9.4 70807 6.6 518 18 25432 0.28 52 12 4470 22117 63952 24 15 3848 524
BH2-21-27 7.3 79301 89 578 14 22470 0.26 61 13 7146 24259 62881 30 19 4940 491
BH2-27-33 123 79033 284 561 11 14930 028 61 11 11 8652 18468 48884 26 20 3776 442
BH2-33-37 41 79098 6.4 560 11 21093 0.26 59 5 10 5003 20500 52161 28 18 3632 468
BH2-37-43 41 81275 182 639 11 22601 0.29 66 6 12 441 24250 52057 31 20 3517 513
BH3-2-7 132 70823 349 480 11 14771 028 60 5 10 9165 22032 46464 25 22 4272 933
BH3-7-13 245 69029 12 499 1 20186 0.25 51 3 13 14086 21074 52537 22 23 3334 462

5

3

11 9595 23944 54990 22 18 3679 377
10 10932 23266 47495 23 24 3777 637
11 21419 25389 40489 26 14 3703 347
22 6263 24367 43522 26 25 5021 479
10 21342 23996 50129 21 23 3242 458
9 18559 22908 49173 22 23 3373 433
11 251 21840 42464 27 22 5349 476

O O ~N W N o M~ o1 O

BH3-13-18 16.2 67830 11.8 480 1 16646 0.27 51 9 8466 19741 47121 23 21 3734 311
BH3-18-25 149 70414 17 471 <1 29199 0.29 55 9 9107 24402 49546 30 29 4184 565
BH4-0-6 50.1 62478 17.7 545 1 29961 033 48 10 22 9096 25905 41677 24 26 6235 897
BH4-6-13 84 69867 251 492 1 22501 0.25 54 4 12 9774 20553 46807 27 22 3608 495
BH4-13-21 158 67034 82 351 14 32152 025 43 22 67 8519 35994 21787 21 57 1674 812
BH4-21-23 37.7 63292 117 352 13 36708 0.34 47 9 50 21220 27919 32959 24 33 8058 779
BH4-23-25 3.5 75088 12.7 382 1.7 55834 03 47 25 86 2342 43231 14679 21 60 17379 1216
BH5-0-5 20.7 74242 7.2 496 12 12316 0.25 56 5 10 3875 22523 59956 25 17 4388 441
BH5-5-10 11.8 80596 122 511 1.1 14384 0.24 56 5 9 10581 24371 53782 26 27 4133 414
BH5-10-15 182 77837 7.4 588 11 16920 0.24 53 5 11 6637 23707 51285 23 23 3805 394



BH5-15-22  48.3 65873 6.5 436 1.1 23192 0.26 47 6 9 34453 23963 41832 22 35 5051 643
BH5-22-30 41 73313 5 448 12 23191 0.28 57 5 11 18222 22722 45874 24 27 4272 589
BH6-0-5 19.8 69716 138 475 1.3 16056 0.24 56 4 10 8370 20142 58293 25 17 4680 449
BH6-5-10 172 78683 93 473 11 13065 0.21 52 4 10 8600 23006 52379 23 20 3997 382
BH6-10-15 10 77242 65 448 12 23701 0.26 48 5 12 6470 25464 41118 20 20 5039 576
BH6-15-20 215 63652 4 511 1.2 23538 0.25 49 5 10 10852 21334 46011 21 38 4661 637
sample Mo Na Ni P Pb S Sb Sc Sr Th Ti U \Y/ Y Yb Zn Zr
BH1-0-5 1.9 7284 6 612 24 109 134 7.4 126 164 2982 <5 79 18 21 45 171
BH1-4-7 1.78 9371 6 592 25 50 132 71 159 19.1 3035 <5 73 18 21 36 180
BH1-7-15 1.89 6798 5 581 23 87 138 7.8 165 20.7 2959 <5 77 19 21 4 162
BH1-15-20 1.63 6663 4 631 22 72 14 6.2 119 16.1 2783 <5 73 16 19 45 152
BH1-20-25 1.89 9905 5 609 26 58 128 7.1 166 179 3018 <5 81 17 21 39 173
BH1-25-28 197 7168 4 609 25 <50 135 6.9 141 18.7 2848 <5 68 19 2 51 164
BH1-28-31 2.06 25972 5 695 26 3891 123 81 409 299 3073 <5 60 19 21 44 199
BH1-31-34 19 9730 9 610 114 324 13 86 199 16.9 3336 <5 85 18 2 66 175
BH2-0-4 241 8246 4 666 30 162 135 6.3 170 16.6 2692 <5 63 17 19 36 160
BH2-4-8 2.19 7908 4 612 29 107 141 6.4 173 16.6 2661 <5 62 16 19 35 150
BH2-8-16 134 14620 6 566 212 436 109 75 219 179 3116 <5 66 21 22 47 201
BH2-17-21 125 7741 6 564 182 627 109 6.7 165 17.8 3027 <5 176 19 23 59 185
BH2-21-27 152 12041 6 575 185 1666 131 8 222 205 3143 <5 139 21 24 50 190
BH2-27-33 146 18344 5 616 532 1232 122 81 326 195 3146 <5 83 20 23 69 206
BH2-33-37 145 17478 5 618 36 505 14 81 296 20 3199 <5 86 21 23 53 201
BH2-37-43 159 17090 6 620 42 64 152 8 274 22 3250 <5 72 21 24 53 213
BH3-2-7 162 20335 5 620 61 <50 136 7 324 175 3174 <5 78 21 23 35 192



BH3-7-13
BH3-13-18
BH3-18-25
BH4-0-6
BH4-6-13
BH4-13-21
BH4-21-23
BH4-23-25
BH5-0-5
BH5-5-10
BH5-10-15
BH5-15-22
BH5-22-30
BH6-0-5
BH6-5-10
BH6-10-15
BH6-15-20

2.08
1.72
2.21
1.78
1.74
1.55
1.62
1.26
1.56
1.5
1.28
1.67
1.53
1.53
1.58
1.38
1.52

11379
14914
11115
8160
9217
20061
11849
23251
12816
13413
15804
6377
10470
13286
14232
16275
8390

614
607
578
569
597
894
901
941
606
614
612
824
690
625
607
581
556

24
29
31
44
22
340
40
226
19
22
16
253
117
22
25
44
27

172
1410
93
231
53
2188
1111
1825
193
90
152
962
202
172
64
95
809

1.21
1.34
1.46
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Abstract

Abgareh copper deposit located in Semnan province, 140 km southwest of shahrood and
part of a Torud-Chah shirin volcanic-sedimentary belt that has facies in the northern edge
Structural-sedimentary zones of Central Iran. Extensive and numerous alteration and
mineralization were formed by volcanic and magmatic activity in this zone from Eocene
to Miocene and are mainly related to the subduction events in this zone. The calc-alkaline
volcanism and related mineralization occurred along the main Anjillo fault in the north
and the Torud fault in the south with NW-SE trend. Field and petrographical studies,
deposit area, consist of andesite, basaltic andesite and basalt and contains less includes
crystal tuff that indicate middle—upper Eocene with argillitic, sericitic, silicic, carbonatic,
chloritic and iron oxides alterations. The rocks are high-K, calc-alkaline to shoshonitic in
nature. Mineralization in Abgareh area occurred as veins along the fault planes in a lava
unit. Fractures resulting from operation of faults in the rocks of the region have created a
favorable location for the influence of hydrothermal solution and it is considered as the
main controller of mineralization. According to the field observations and mineralogical
studies, the mineralization in the region was carried out in two stages: hypogene and
supergene and weathering. Hypogen zone minerals are generally pyrite, chalcopyrite and
bornite. Because of existence in oxidizing-supergene environment, nearly almost Cu-
bearing minerals of the main stage of mineralization have been replaced by secondary Cu
minerals such as chalcocite, covellite, malachite and chrysocolla. Fractures resulting from
operation of faults in the rocks of the region have created a favorable location for the
influence of hydrothermal solution and it is considered as the main controller of
mineralization.The most textures observed in the occurrence of mineralization include
vein-veinlets, open space filling, radial, replacement and disseminated. According to the
geochemical data, the volcanic rocks have significant enrichment in LREE and LILE and
depletion in HREE and HFSE and negative anomalies in Ti and Nb elements. The rocks
are enriched in Cs indicating mantle metasomatism by fluids released from subducting
oceanic lithosphere. Therefore, magma contamination and mantle metasomatism have
affected the magma from which the volcanic rocks of the Abgareh have were generated.
In variation diagrams there is a continuous trend between the mentioned rocks and

indicate that they evolved by fractional crystallization. According to geochemical studies
copper with Ag, As, Sh, Sn and W is a significant correlation. This correlation

geochemistry is corresponded with mineralography evidence (mineral paragenesis



sequence). Fluid inclusion data shows in the temperature range from 145 to 217 °C and
salinity between 3.73 and 9.84 Wt %NaCl and depths less than 390 m. Most of the studied
fluid inclusions are from liquid rich two phases (L+V) type. On the base of a
forementioned evidences, the principle deposition mechanism of ore minerals was mixing
of two meteoric and magmatic fluids. finally, regarding our research the petrography,
struactural control of mineralization, alteration type and its extention, simple mineralogy,
geochemical, fluid inclusion properties of the study area and comparison with similar
epithelial deposits indicate that the Abgareh vein system is formed in a low-sulfidation

epitermal environment.

Keywords: Mineralogy, Geochemistry, Cu (Ag), low-sulfidation epitermal, Middle—
Upper Eocene, Abgareh, Torud-Chah shirin.
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