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OLIGOCENE - Conglomeratic, sandstone and red marl (LOWER RED FORMATION)
Conglomeratic limestone nummulitic and sandy limestone I
E EY ; Dark grey to reddish grey pyroclastics and lavas (andesite basalt and
; 5 rhyolitc) with differents composition And textures, interbedd by some
ot nummulitc bearing volcano sedimentary rocks, limestone.
22
E Tuff breccia and crystall lithic tuff
- 2 White grey nummulitic limestone locally transformed to marble and skarn
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E 2|2 - Limestone tuff , shale & marl
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Grey. Green. Siliccous tuff, tuff breccia
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g £
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UPPER . . o
CRETACEOUS Grey to yellowish cream limestone, marly, sandy & silty limestone
="
!/ 200 m
I
Quaternary Young terraces, and gravel fans Bl Ore
21}
é Unit3 Tuff breccia and crystall lithic tuff
S . L
=1 Uunit2 White arev nummulitic limestone locally transformed to marble and skarn
= Tuff breccia and crystall lithic tuff
a . . .
S| Unitl . Grey, green siliceous tuff, tuff breccia and crystal tuff
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Volcanic- Exhalative

Supergene/

Mineral Stringer Vent Massive | Bedded | Exhalative
Weathering

zone complex ore ore sediments
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Magnetite
Hematite
Pyrite I
Pyrite I1
Pyrite III? e
Chalcopyrite =as
I
Cha]copyrite sEsssssEsspassaEsanas
II
Galena
Sphalerite
Tetrahedrite
Pyrolusite
Braunite
Goethite
Cuprite
Native Cu
Malachite
Bomite esssssssmsssssnsans
Chalcosite
Covelite

Minerals

Digenite
Clay mineral

Quartz I RN N BN
Quartz Il | s——
Fe-chlorite |IEENENSE B H N
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Sericitic N

Alteration

Disseminate EEEEEEEENEEEEEESN
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Bedded and ]

Laminated
Massive
Vein-
Veinlets
Brecciated
Replacement
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Heating: Cesium nitrate, melting point: +414°C

Freezing: n-Hexane, melting point:-94.3°C
ax,0 FIF Cgd alaits L) oo Olpis b aS oo a0 0,8 8o b iole,S 40 Stage gl o JIS
—AFY Cod adais LTl — o) o askis Teole b g a0+, YE Cdo b olessl jo g Cdpds &g

23,5 bl of 5 il ax (o

y- Cesium nitrate
2- n-Hexane

Y



Jbw byl (31,59, —V-Y-7
oS e 4 g adsl Boas ;05,0 OVl ¢ 31500 daled 4 azg b 80 a¥lw Slallhas o
58 90 Glilo vaiges ST 50 adgl 1.5 0 OYLw g oo camlive LI a5l g 493l YL
Sl ol 5,15 3535 52550 SYlws (il 1 S 5 el slajls i b o 5 5 muls oS 3
5035 gSwe Vo 3l yieS T3gas g S slal syl Jbow slo Lol yiis a8 cenl opl 5l Sl
b 55 02 b wlgh oo a5 0l bion ynie L) Libe (53505350 i & (Jan gie (S0l 6l
5055 JUsST3%0 ke (5,5 US5 (slyls o] J) (or ms sl 00,5 S8 (oo Lyl olss
WD lge pom (Sdne 3805 b S 50 5lsS SI a byype badises cpl aSul e 4y il
Om S o oS g ot JBBl imren 5w il o0 59,5 S8 Gl s (mam (F-F S0)
SHESS Glo i o dblate a4 Az gl L (00 -F KD ) 00,50 ssali o Sl sla,lile
G ST Dy aS wiloads LSCid oo po Jore j0 5 49l O jeo 4y Jlw sl Lol o0y (g
)l Gldlas (gl g aims oo lis |y az 0 Voo 51 500b sles g ail oo 55 (58 ST 5 mbo
Sl (SHESS Sl onims (jLi wilyi oo g oantS 5B L Lol s e bie (o
bS5, 5 ale CO2 (b3l Jhow sl Liloo 5l ons alonil (gl 81,55 2 o sl dilare
ol aS s saslie g Coslow caudla Jin dul> sla3le 5l 6 51 ioren 5 00 S5 cnaline b
5 o 55 el o5 dilaie cnl o lwdlS SYLw 555 oliee 45 Sl () SSile £9-ge
phael 5 255 55 a8 slajlilee )3 93 5 (oo oal e (Soa i SG L oy Sl slo Lol
Ol 4 a5 050 (o0 e (oo b sl 0 282 (slaliles 4 ) o &5 4 Suze Jold i
los ;o Loz &y i Wl oo |y Cowl s (] (anied 5 wisS oo (Sodp po b (K85 05

50 A5 oo e Wy Lilie 4365 ol adgl Lol i 1150008 Sos Ko aisl,d (sl ol Caw s 4

WY



Ol o skl Al OYLew (65840 o IS L cudle skl 51 51 L8 50 ¥l ladd cle 4 aeme

495 (o WilgS so (yladyg LS jo Jlw sl jlibe (o) p g Sladlas IS plxl oy, (S gla

SVl (ganaiib 3 Q3 gl b gl cadgl Hlas 5l 8 50 VL elgil SIS g (e )
S0 sl slows wlul p 550

b 2 50 Ll 5B s o g 5o slasl slal ojlasl ¢ IS s -y

s By g mbe 3 < £ 3 e 630 (538 ST g adsl Boes Sl S lolbee sl Lo -y
a0 (505 ojlail g LQ,JT Obe (8L Lalgy o bl 8 0 YL W 3L s -f
s yeba (F) (Soasp

Sl 0395 o5 HLdlS (pl jo sluasls SVl (6,98 -0

el 45 18 S gla it il cod lslS Jlw gl ,bilos bS5 Slan —F

0l dnpd Jho pgo ablas ;o ool cdwlie 15 0 OYlew glgil 4y by o Dlaseine Y-F S0 50

elonds 03ls L I yg HluslS gladiges |

2530 ©Ylow gl S -Y-Y-F
3y30 03g05xa ;3 0dd 53 03Il o Wgene it (g )Sae Vo ol 1SS Ypane 15 10 YL
A gl 8 g Ko =¥ 031l b 1S g8 YL Lol ol o (y9,Kee) ¢ 5l yieS anlllas
slabes (S 3azs e 59,5 LI (i yg Lails lagilsS 5 Cu by S50 slo b B LITp-ae
(15 JS8) w032 (59,50 VO (J1N 0 5l a8 (Ko a5 i lo o (sla JS5 g0 b 5 o0y p

(0-F JS&) g (F-5 JS2)

\RIN



5 Yl 5315l 5 gaivaliab —Y-Y-5
S5 e gl 5y oLl 5] 18 Ul o5 Fidp o 9 (A) 315 s 150 SV
S5 Olses ssh 0t Sl am o FomSls (Sadin (b (B) 4356 5550 SVl cig s 0
53 (C) adsl 1535 VL a8 o @B 1) (lsee (sl 4l Ygoms Vs () g5 0
L 55lgm simanr sloog S L 3yt SVl g0 s Ypmno 5 ol JuSi5 (ljas psh i, (o
(Wilkinson, 2001) g oo odalice b SIS S5l j0 Bolal &jsoas b g (5,0l o) molaw
5 Jlm lsiome cslion 51 il g3 5055 Liia a3 1 5,0 S (sizon, skt 4 15 S2)
oolai_wl (1985) ' ), San g 0,8 5 g, 5 (3BT (slood ,0 oo eonl i sy oS 5 J)le &
G & 31 glos )0 09290 slajl olawi 5 Jlow oS 5 ol | o 1550 OV e ool
odd aalllas sladiges )3 5,8 Jlw g55 Jkez (B5 9 Sllllas ula 1y (V-7 JS2) Wigd (o

(D=5 JS5) 5 (F-5 JS3) (V=5 JS5) Calonds SLalids i jg LudlS s3g0mme

j|, Type C Inclusion

:|> Type B Inclusion
} Type A Inclusion

) L J

T
C1

Q2 +gn
G5l (B) 4550 «(C) adgl go5 caly DI5l8 g 55,155 25,8 a5, G 0 ool plo 4y 5 )0 SVl glgil V-7 IS
(Wilkinson, 2001) «(A) w35

1- Shepherd
\Rb4



255 Joms 5 36 sl 3l ¢ 6o S5
Type | monophase Liquid (L)
Type Il two-phase Liquid >50% (L) + vapour ©

5% (V)
Type 11 two-phase vapour >50% (V) + liquid "V
()
Type IV monophase Vapour only (V)
Type V multiphase Liquid # vapour + solids (S) <
50%
Type VI immiscible liquid Immiscible Liquids L1 + L2 + i
Vapour (V)
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Sample n Texture  Size Homog- Fluid- Te(  Tmice Salinity TH
no. (nm) enisation in- °C) (°C) Wt% (°C)
types clusion NaCl)
types
1 Bedded 10 L+V C -21 -3.4 5.7 190
2  Bedded 6 L+V C nv -3.2 5.39 250
3  Bedded 7 L+V C nv 2.1 3.56 280
4  Bedded 8 L+V C nv -1.1 1.76 148
5  Bedded 9 L+V C nv -2 3.39 290
6  Bedded 12 L+V C nv -0.5 0.6 269
2-F-13 7  Bedded 8 L+V C nv -0.5 0.6 286
sy b 8 Bedded 6 L+V C nv -2 3.39 295
pso &3ls 9  Bedded 8 L+V C nv -2 3.39 280
10 Bedded 10 L+V C nv -2 3.39 300
11 Bedded 7 L+V C nv -2 3.39 292
12 Bedded 6 L+V C nv -4 6.62 200
13 Bedded 10 L+V © nv 2.1 3.56 209
14 Bedded 8 L+V C nv 2.1 3.56 155
15 Bedded 8 L+V C nv -0.4 0.4 200
1 Vein 7 L+V C nv -3.5 5.86 190
2 Vein 7 L+V C nv -5 8.07 250
3 Vein 8 L+V C nv -5 8.07 280
4 Vein 8 L+V C nv -1 1.57 148
5 Vein 6 L+V C nv -2 3.39 290
6 Vein 6 L+V C nv -5 8.07 269
7 Vein 6 L+V C nv -5 8.07 286
8 Vein 8 L+V C nv -8 11.84 295
3-K-25 9 Vein 16 L+V C nv -0.6 0.8 280
sloaxs 10 Vein 7 L+V C nv -5 8.07 300
(b 11 Vein 8 L+V C nv -2.5 4.24 292
Py 33105 12 Vein 10 L+V C nv -0.4 0.4 200
13 Vein 10 L+V C nv -0.4 0.4 209
14 Vein 10 L+V C nv -0.4 0.4 155
15 Vein 10 L+V C nv nv e 200
16 Vein 6 L+V C nv -1.2 1.94 190
17 Vein 8 L+V C nv -8 11.84 250
18 Vein 8 L+V C nv -1.5 25 280
19 Vein 8 L+V C nv -8 11.84 148
20 Vein 7 L+V C nv -4.8 7.79 290
21 Vein 12 L+V C nv -10.1 14.09 269
1 Bedded 10 L+V C nv -2 3.39 250
2 Bedded 6 L+V C nv -2 3.39 250
3 Bedded 6 L+V C nv -2 3.39 240
4 Bedded 7 L+V C nv -2 3.39 259
5 Bedded 6 L+V C nv -2 3.39 260
4-M-32 6  Bedded 6 L+V C nv 2.1 3.56 265
sy ol 7  Bedded 12 L+V C nv -2 3.39 268
ol @il 8  Bedded 8 L+V C nv -2 3.39 213
9 Bedded 6 L+V C nv -2.1 3.56 278
10 Bedded 7 L+V C nv -2 3.39 280
11 Bedded 5 L+V C nv -2 3.39 305
12 Bedded 8 L+V C nv -1.5 2.5 372
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Olayg 5Ludls ,o (Pearson) ygw ,m (g, 4 yolic 5l can Suwd oo -F-V Joo

Mg Al | Si |[Mn| Fe[Cu]| Zn | Pb|Ca|Ba]| Sr | Ti P \Y% Li | Sb
() 1) [ (%) (%) ] (%) [ (%) | (%0) | (%0) | (%0) | (%0) | (%) | (%0) [ (%) | (%) | (%0) | (%0)
Mg (%) Pearson 1
Correlation
Sig. (2-tailed)
Al (%) Pearson .30 1
Correlation
Sig. (2-tailed) .23
Si (%) Pearson .06 .70* 1
Correlation *
Sig. (2-tailed) .79 .00
Mn (%) Pearson T 24 | -25 1
Correlation
Sig. (2-tailed) .00 35 | .32
Fe (%) Pearson 66** | .80* | .54* | .52* 1
Correlation *
Sig. (2-tailed) .00 .00 | .02 | .03
Cu (%) Pearson -22 .07 37 | -28 | .05 1
Correlation
Sig. (2-tailed) .38 76 | 14 | 27 | 82
Zn (%) Pearson A7 31 23 | 38 | 36 | .03 1
Correlation
Sig. (2-tailed) .05 21| 36 | 12 | .15 | .88
Pb (%0) Pearson -41 -22 | .17 | -38 | -.18 | .54* | -.15 1
Correlation
Sig. (2-tailed) .09 38 | 50 | 13 | 47 | .02 | 56
Ca (%) Pearson .58* 46 .07 | .54* | .51* | -45 | -.04 | -.50* 1
Correlation
Sig. (2-tailed) .01 06 | .77 | .02 ] .03 .06 | .87 ] .03
Ba (%) Pearson -36 -58 | -74 | .07 |-50 |-19 |-37 | 22 |-.09 1
Correlation * ok *
Sig. (2-tailed) 14 01 .00 | .77 | .04 | 45 | 13 | 38 | .72
Sr (%) Pearson -.06 - - .23 - -21 | -27 ] .05 | -.04 | .86* 1
Correlation 74% | .84* 48* *
* *
Sig. (2-tailed) .80 00 | .00 | .37 ] 04| .40 | 28| 82 | .86 | .00
Ti (%) Pearson .04 84 |.53*| .13 | 44 |-02 | .18 |-17 | 31 | -44 - 1
Correlation ok .68*
*
Sig. (2-tailed) .85 .00 .02 .60 .07 93 47 .50 .22 .07 .00
P (%0) Pearson .08 81 |.55*] .07 | 41 | .00 | .39 |-18 | .21 [-55 |-73 | .93 1
Correlation ok * ok ok
Sig. (2-tailed) .75 .00 .02 .76 .09 .99 11 47 40 .02 .00 .00
V (%) Pearson 40 88 | 38 | 44 | .73 |-23 | 35 | -48 |.52*|-47 |-57 | .79 | .75 1
Correlation ok ok * ok ok
Sig. (2-tailed) A1 00 | .12 .07 .00 | .35 |.16 | .05 [.02 |.05 |.01 |.00 |.00
Li (%) Pearson A49* | .51*%]|.51*| .17 |.54*]| .09 |.49*|-17 | 26 |-68 |-64 | .32 | 41 | .45 1
Correlation ok ok
Sig. (2-tailed) .04 .03 .03 .51 .02 .73 .04 49 31 .00 .00 .19 .10 .06
Sb (%) Pearson -38 -38 | .04 |-42 |-18 | .23 |-23 |.49*|-43 | .27 | .305]|-50 | -48 |-54 |-43 1
Correlation * * *
Sig. (2-tailed) 12 12 .85 .08 46 .36 .37 .04 .07 .28 .23 .03 .04 .02 .08

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Mg, Ll Joals sla iy XRF 5 ICP-OES _sliawss 56T bl -0-Y Jsu

@ g0d yLoud Ag As Be Cd Ce Co Cr Cu La Li Sb
(ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) _ (ppm)

F-Q-V-01 0.5 5 0.5 1.5 31 20 5 10 24 34 5

F-Q-V-02 41 273 0.5 3.9 5 5 5 1945 5 5 390
F-Q-V-03 3.4 40 0.5 3.3 5 5 5 461 5 5 52
F-Q-V-04 1.7 27 0.5 3 14 12 5 188 5 81 31
F-Q-V-05 17.4 12 2.9 2.8 30 5 5 1818 14 29 46
F-Q-V-06 0.5 5 0.5 10 5 13 5 1386 5 39 5

F-Q-V-07 0.5 18 0.5 2.3 23 25 5 240 5 67 18
F-Q-V-08 7.9 5 0.5 1.6 5 5 5 23 5 5 13
F-Q-V-09 0.5 5 0.5 12.6 5 16 5 5 5 80 5

F-Q-V-10 05 5 0.5 14 5 5 5 59 5 5 13
F-Q-V-11 0.5 46 0.5 20.6 5 28 5 967 5 5 15
F-Q-V-12 15 12 0.5 0.5 5 5 5 35 5 5 32
F-Q-V-13 15 18 0.5 0.5 5 9 5 127 10 48 12
F-Q-V-14 4.1 2282 0.5 0.5 15 20 5 568 5 11 74
F-Q-V-15 1.9 40 0.5 0.5 20 18 5 49 21 5 20
F-Q-V-16 0.5 13 0.5 0.5 10 11 5 5 5 22 17
F-Q-V-17 1.2 48 0.5 2 5 15 5 1750 5 25 11
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Aigos 0 ylouy Mn Mo Na Ni P Pb Sc Sr Ti \% Y Zn
(ppm)  (ppm) (%)  (ppm) (%)  (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm)

F-Q-V-01 1957 0.5 0 5 0.05 258 16 182 0.14 105 12 296
F-Q-V-02 5 0.5 0.005 5 0.005 0 5 1013 0.005 5 5 91
F-Q-V-03 3546 0.5 0.005 5 0.02 768 5 0 0.02 23 5 576
F-Q-V-04 1256 0.5 0.005 5 0.01 870 5 121 0.005 36 5 0

F-Q-V-05 333 2.7 0.005 5 0.005 0 5 11 0.005 5 5 855
F-Q-V-06 2434 0.5 0.45 5 0.05 970 5 117 0.09 89 5 0

F-Q-V-07 4294 0.5 0.005 5 0.05 710 12 26 0.08 108 5 0

F-Q-V-08 30 0.5 0.005 5 0.005 794 5 583 0.005 5 5 08
F-Q-V-09 2633 0.5 0.005 5 0.04 953 5 282 0.12 62 5 853
F-Q-V-10 35 0.5 0.25 5 0.06 274 5 44 0.16 48 5 73
F-Q-V-11 5963 0.5 0.05 5 0.005 2154 5 238 0.005 44 5 944
F-Q-V-12 5 0.5 0.05 5 0.005 481 5 524 0.005 5 5 15
F-Q-V-13 3193 0.5 0.05 5 0.005 13 5 1503 0.01 25 5 294
F-Q-V-14 210 0.5 0.05 5 0.02 1485 5 49 0.08 87 5 248
F-Q-V-15 8110 0.5 0.05 5 0.005 36 5 802 0.02 44 13 362
F-Q-V-16 980 0.5 0.05 5 0.04 148 5 66 0.09 51 5 241
F-Q-V-17 161 0.5 0.27 39 0.05 4464 5 73 0.18 67 5 325
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459_03 o)M MgO A1203 SiOz P205 SO3 KzO TiOz MnO Fe203
(%) (%) (%) (%) (%) (%) (%) (%) (%)

F-Q-V-01 3.84 21.83 46.10 0.14 0 1.90 0.79 0.27 9.54
F-Q-V-02 0 2.18 61.20 0 9.88 0 0 0 0.61
F-Q-V-03 411 3.83 18.49 0 18.25 0 0 0.63 3.685
F-Q-V-04 1.45 7.25 82.97 0 0 0 0 0 7.53
F-Q-V-05 0.58 1.78 89.87 0 0.78 0 0 0 3.19
F-Q-V-06 2.83 20.57 57.86 0.15 0.18 1.57 0.59 0.33 10.79
F-Q-V-07 3.72 14.22 61.50 0.22 0 0.16 0.48 0.595 18.54
F-Q-V-08 0 0.32 10.44 0 23.53 0 0 0 0
F-Q-V-09 1.85 15.67 65.67 0.12 0.22 1.18 0.44 0.38 13.22
F-Q-V-10 0 20.65 73.24 0.14 0 2.89 0.58 0 0.83
F-Q-V-11 1.35 291 5.91 0 20.04 0 0 1.10 7.92
F-Q-V-12 0 0.22 5.88 0 22.32 0 0 0 0
F-Q-V-13 6.42 3.99 15.96 0 12.36 0 0 0.58 6.57
F-Q-V-14 0 12.94 65.61 0 12.43 0.12 0.35 0 7.74
F-Q-V-15 7.57 5.16 36.74 0 1.51 0 0 1.46 10.92
F-Q-V-16 0.98 13.02 79.36 0.10 0.15 2.03 0.28 0 3.52
F-Q-V-17 0 26.63 64.49 0.18 0.20 2.15 0.72 0 3.21
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aigos o ylos CuO Zn0O Na,O PbO CaO BaO SrO Ar,0, Zr0O,
(%) (%) (%) (%) (%0) (%) (%) (%) (%)
F-Q-V-01 0 0 NS 0 12.77 0 0 0 0
F-Q-V-02 0.21 0 0 2.46 0 23.10 0.31 0 0
F-Q-V-03 0 0.176 0 0.403 0.258 49.16 0.93 0.06 0
F-Q-V-04 0 0.21 0 0 0.56 0 0 0 0
F-Q-V-05 0.27 0 0 3.50 0 0 0 0 0
F-Q-V-06 0.16 2.50 2.40 0 0 0 0 0 0
F-Q-V-07 0 0.22 0 0 0.29 0 0 0 0
F-Q-V-08 0 0 0 0.420 0 64.33 0.84 0.10 0
F-Q-V-09 0 0.10 0 0.10 0.45 0.52 0 0 0
F-Q-V-10 0 0 0.74 0 0.41 0.486 0 0 0
F-Q-V-11 0 0 0 0 0.17 59.31 1.04 0 0.21
F-Q-V-12 0 0 0 0 0 70.74 0.82 0 0
F-Q-V-13 0 0 0 0 11.69 41.61 0.79 0 0
F-Q-V-14 0 0 0 0.15 0 0.34 0 0.28 0
F-Q-V-15 0 0 0 0 34.01 2.38 0.20 0 0
F-Q-V-16 0 0 0 0 0.52 0 0 0 0
F-Q-V-17 0.28 0 0.74 0.59 0.29 0.47 0 0 0
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MAFIC-
DOMINATED

Avg: 1.3 Mt

Med: 2.3 Mt

Cdn. Average
grade

3.2% Cu
1.9% Zn
0.0% Pb
15 g/t Ag
25g/lt Au

Pillowed mafic
flow

@D Pyrite-qtz insitu breccia
@ Quartze-Pyrite stockwork
D Chlorite-Pyrite stockwork

@D Bandded O Sp-cp-rich margin
jasper-chert- < Pyrite-quartz breccia
sulfide @ Massive Pyrite

|‘~ SILICICLASTIC-

MAFIC
Avg: 34 Mt
Med: 148 Mt
Cdn. Average
grade

1.6% Cu
2.6% Zn
0.36% Pb
29 g/t Ag
<0.9 g/t

Basalt sil/flow
Laminated arg
and shale —_—

@D Po-Py-mgt transitioon Zone @ Chert-carbonate-sulfide
@ Po-Py-cpy zone O Py-sph zone
@D Po-cpy - Py-sph stockwork zone O Massive pyrite zone

Avg: 6.3 Mt
Med: 113.9 Mt
Cdn. Average

grade

1.7% Cu
5.1% Zn
0.6% Pb
45 g/t Ag
1.4 git Au

200 m

@ Massive mgt-po-cpy D Sulfidic tuffite/exhalite
@D Po-py-cpy stockwork O Massive py-sph-cpy
Massive py-po-cpy

Pillowed mafic
flow

O Sser-chlaltn
O Qtz-chlaltn
@ Chl-sulfaltn

< 100m > BIMODAL-FELSIC

Avg: 5.5 Mt
Med: 14.2 Mt
Cdn. Average

grade

1.3% Cu
6.1% Zn
1.8% Pb
123 g/t Ag
2.2 alt Au

O sericite-quartz - Detrital | (> py-sph-gn-tet-boul-bour-Au-Ag

@D Chlorite-Sericite  Msv.|] C Py-sph-gn

O Quartz-chlorite  Sulf. @ Py-sph-cpy O Barite (Au)

CBD Cpy-py veins @ Cry-po-py @@ Carbonate/gypsum

HIGH
SULFIDATION
BIMODAL-
FELSIC

(@) Qtz-ser-Al silicate @D Real-cinn-stib

Infilling and
éadvanced argillic[) @D Aspy-stib —tetr-Pb sulfos. replacement
O Ser- gtz -py (argillic) O Qtz-py-aspy-sph-gn-tetr veins

SILICICLASTIC

FELSIC
et 4414
-/’-\“_?__ Med: 64.4 Mt
/ Cdn. Average
grade
) o 0.98% Cu
Felsic volcaniclastic 4.7% Zn
and epiclastic 500 m 2.0% Pb
53 g/t Ag
------- |/- - - —Basement sediments- - -----| | 09gtAu

@ Hem. Iron formation (> Massive fine gr to

O Mgt. Iron formation
@D Carb. Iron formation

@D Mn-Fe. Iron formation @

" @ Chl-po-py-cpy-(Au)
o fgyee{ee&' ;?)y—rslbﬁw-gn—Ag— O siliceous stockwork
Au (transitional ore) (> Stokwork

Massive po-py-cpy-(Au) carbonaceous shale
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smoke plumes ~ I -ronos2 oo %S g Mn,Ba?
v - ©6)
swc | | s T
’ \ Cu’ +Mg
\ /‘ +so.
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71‘3 =7
LA Bebes i L 4V H;O/roek> 1 // ~ -ltenﬂnn/ ger zone -
e ot = N > =
PH=+6 Upper Semiconformable n_ ey N 7»4-” 100s of
Alteration Zone L ILIE T SEIERE -Nn meters
| ERe \
SOEE +si |
impermeable barrier +Mg
+CO.
-Cu
~Zn

| [l Massive sulfide deposit
Disscminated sulfide
Alteration pipe

|—_—] Silicification

Talus, breccia

[ | Host rock
_ Reaction Zone
- Subvolcanic intrusion
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New B.O.
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P BTO_

Hyd, Fluid H/Q=Hematite+Qurtez Ore
B.O.=blak Ore (Sphalerite+galena+Pyrite+anhydrite+barite)
Y.0.= Yellow Ore (Chalcopyrite)
P.O.= massive pyrite Ore

.(Horikoshi & Shikazono, 1978)

s LS gl 33,05 09 b dnz FadlS slao Lo, (sl CUIZN s -V-A Jgor

Place Cu (ppm) __ Zn (ppm) CulZn
Vent Complex £40 OFY VIYAYY
Bedded-banded Yo V0 TP

Average = V/ A+
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Place Cu (ppm) Zn (ppm) Cu/Zn
Vent Complex o Aoy SRRV
Bedded-banded vy A L IYYVES
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Place Cu (ppm) Zn (ppm) Cu/Zn
Vent Complex \fd| N%2 A ¥
Bedded-banded Varo ) YANVYS
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First sub-horizon ‘ a Second sub-horizon - Third sub-horizon | <l

New B.O. ﬂ New B.O.

- -
B.O.
Yellow Ore Black Ore
Hight temprature Low-moderate temprature Hight temprature
(~300-350 °C) (~200-300 °C) (~300-350 °C)
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H/Q=Hematite+Qurtez Ore

B.O.=blak Ore (Sphalerite+galena+Pyritet+anhydrite+barite)
Y.0.= Yellow Ore (Chalcopyrite)

P.O.= massive pyrite Ore
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Dark grey shale, green marl, sandy marl, reefal limestone, shale

(QOM FORMATION)

Red conglomerate, gypsiferous marl, sandstone and some intercalations of

volcanic rocks (LOWER RED FORMATION) Or Red sandestone (R-S)

Conglomeratic limestone, nummulitic and sandy limestone

Pyroclastics and lavas (andesite basalt and rhyolite) with different o Eg..

compositions and textures, interbedded with some nummulitic-bearing

volcano-sedimentary rocks and limestone =

Tuff breccia and crystall lithic tuff

White grey nummulitic limestone locally transformed to marble and skarn ¢
] Limy tuff, shale & marl rE 5

Volcanics, andesite, tuff
agglomerate

Massive, fossiliferous limestone

Marl, shale, occasionally tuff

Thin interbeds of limestone

Shale with thin bedded volcanics &
occasionally limestone & shale

Unit4 : host of Dorreh deposit

Grey, Green. Silicous tuff, tuff breccia and crystall tuff - VMS deposit
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Abstract

The Varandan barite-lead-copper deposit located in 60 km south of Kashan, and occured
in the Middle Eocene volcaniclastics and volcanics (Unit E£). Host sequence in the
Varandan deposit involves three units, from bottom to top: Unit!: grey, green siliceous
tuff, brecciated tuff, crystal tuff and andesite, Unit?: white grey nummulitic limestone,
limy tuff and marl, and Unit3: tuff breccia and crystal lithic tuff. Mineralization in the
Varandan deposit occurred as four ore sub-horizones in the Unit as lenticular to tabular
orebodies concordant to layering of the host rocks. Based on textural, structural and
mineralogical studies, the Varandan deposit consists of five ore facieses including: 1)
veins-veinlets (stringer zone), involves cross-cuting barite, quartz and sulfide veins-
veinlets, 2) brecciated barite and massive pyrite (vent complex zone), involving
replacement texture, 3) massive barite and sulfide (massive zone), 4) alternations of
barite- and galena-rich bands (Bedded-banded zone) and 5) iron-manganese-bearing
hydrothermal-exhalative sediments. Primary ore minerals are barite, galena, sphalerite,
chalcopyrite, pyrite, tetrahedrite, magnetite, oligiste, braunite and pyrolusite,
accompaning by secondary minerals such as native copper, bornite, cuprite, digenite,
covellite, chalcosite, goethite, hematite and malachite. Gangue minerals consist of
chlorite, sericite, quartz and calcite. Major wall rock alterations in the deposit are chloritic
and quartz-sericitic. Geochemical studies indicate that grades of Ag, As, Cu, Sb and Srin
the stratiform ore (bedded-banded and massive) of the third sub-horizon are much higher
than the other sub-horizons, and are 41, 273, 1945, 390 and 1013 ppm, respectively. For
detrmining type of ore of the VVarandan deposit the Cu/Zn Ratio for the barite and sulfide
ore of the first, second and third sub-horizon are 1.08, 0.12 and 11.08, respectively, which
its range from for the first and third sub-horizon lies in the yellow ore and for the second
sub-horizon falls in the black ore. Based on electron microprob analysis (EPMA) on
chlorite from stringer zones of the second and third sub-horizons, the chlorites fall in the
Fe-chlorite close to the clinochlor position. Based on microthermometry of fluid
inclusions, dominant fluid inclusion types are of primary two-phase liquid/vapour
inclusions with relatively moderate to low salinity (0.4 to 14.9 wt% NaCl eq.), and
homogenisation temperatures about 148 to 372 °C. The highest frequency of
homogenization temperature is 270 to 300 °C, and density of inclusions range from 0.7

to 0.9 gr/cm3. Based on the low probability of occurrence of boiling process in the
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Varandn deposit, and the pressure is estimated at 50 to 150 bar (bar) and minimum water
depth is about 900 m. According to the basic characteristics of mineralization, the
Varandan deposit could be classified as a bimodal-felsic or Kuroko-type voclanogenic
massive sulphide (VMS) deposit. And, the formation of this deposit can be explained by
a buoyant Buoyant plume model as result of submarine volcanic-exhalative activities in

an intra-arc rift basin.

Keywords: Barite-lead-copper, volcanic massive sulfide (VMS), Kuroko-type, Middle

Eocene, VVarandan, south Kashan.
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