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Occurrence / deposits

] Au-CuxAg
© Pb-ZnxCu
A CutAu
4 FetMn
f2e Plio-Pleistocene
reze2es Conglomerate
Eocene-Oligocene
d Andesitic lava and dacitic volcanic breccia

Mesozoic
Sandstone, dolomite and shale

Precambrian and Paleozoic

Undifferentiated metamorphic rocks

E Mafic intrusive bodies
IE Felsic intrusive bodies
N Faut
X Thrust faut
M -
% .

Oligocene

Road
~ Motorable track

FLSE
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Nay0 + K,0 (Wit)

Subalkaline/Tholeiitic

45

I e
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Si0, (Wt%)
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Sample / Condrite

Sample / Primitive mantle
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Trachy andesite
Andesite tuff
Andesitic basalt
Andesite

F239 Brecciation Silicification

~ Quartz-sulfide vein

/ Fault

Y’ Thrust fault

@ Strike and dip
@ Abandoned mine
(O Tunnel
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Stage 2
(Main sulfide stage) | Stage 3 | Supergene
1 11 111
Quartz e —
Chalcopyrite ——— -
Galena 1
Sphalerite H
Pyrite ————— . ......
Bornite
Tetrahedrite
Tennantite
Chalcocite
Digenite
Covellite
Azurite
Malachite
Cerussite
Calcite
Fe-oxide &
hydroxides

Temperature (°C) | 188-238 243-276
Salinity
(Wi% NaCl equiv) | 614

11-18

.A»,,a,:ch,.um.‘5,,.;jmﬁau.“|,..wmuueju\faw_;l,:f‘\Jﬁ;z

54°35"
VoY U ~Gd— A VYNV VVVVVV TN -
(& | 2 VMVVVVVVY], soom | 2] Old terraces
[Gd...l Granodiorite, monzonite

Granite

Dacitic volcanic breccia

Andesitic lava & volcanic
breccia

Trachy andesite & andesite

Spilitic basalt (hyaloclastic)

Marble & tallized
fro] dolomite

> Dip and strike
/ Fault

’ Thrust fault

® Abandoned mine
O Occurrence

BERT-Ewi P s1s, Sl Sl gl - Ji.«
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+
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1350 vein m0d veoiets i ’ ¢ K-feldspar —— H :
% 'S @ Brecciation Magnetite —— { !
P # Trces [N Chalcopyrite ————EE—— |
il & 5 = ) i & | EEE silicification Bomilew i e — E
D, L Propylitic alteration Pyrite —————— ]
o , | Bl Quartz-itite aeration Tetrahedrite P :
. ~ b i Chalcocite : ———
1250 — P 7 2 T Covellite I | —
¢ 5 "‘\ i & # Slightly altered andesite Azurite E i ——
¢ @ » Quartz-sulfide vein Malachite H 1 T
2 * Chrysocolla ! 1 —
1200 — .« o / Fault Calcite | e R
> - Chlorite ! B, !
e z Hematite ! ———
% = Fe-oxide & ! !
1150 — o hydroxides i ; -
[} 1
1o Temperature (°C) 332-356 i 290-322 i
100m o Salinity ! {
o4 —— * (w1% NaCl equiv) 7-11 ! 3-7 :

Ol 85 gladsts Ll 5 Lbloaciar Jool it g ) sltzal 53 wlidpe Ems - IF S

o7 > Calises

[E1Ga-Cpy veinlets and disseminated {n=20)

M Py-Cpy vein and veinlets (n=18)
o [E1Qz-Py barren veins (n=19)

8
Salinity (wt% NaCl equiv)

@ Py-Cpy vein and veinlets (n=16)
K] Ga-Cpy veinlers and disseminated (n=20)
7] Qz-Py barren veins (n=14)
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T, (°C)

=25
A Cheshme hafez
© Challu A _ ramgt

250
Thyye (C)

27

Salinity (wt.% NaCl)

((Lv.\p&«idabu 33 ded e ) Sy5% plp 5 (Th D SLL ;Mﬂm b Hls s -1V Jg.»

Wlp s aly p bl a5 o LS Calisee Gla 1548 55 (TM) G bl osd sl s

o

wlu.a._a'uiig}.zg '__Hd)ﬁjbbd}?dhs_.)Tb}:

(dilution) _Eas33, 5 (Mixing) Lok

[Py -Cpy diseminatedin=1T
[EPy-Bo-Ce veinstn-20) |

& py-Cpy disseminated (n=22)] @
4 | Dpy-Bo-te veins =15

Frequency
o

.

2 4 [ 8 10 12
Salinity (wi% NaCl equiv)

Gras s S jl ol IS8 sl slajlages —VF IS
e ailate IS, 5 el i oA Ul (slasLile
s ple eV (Thy ) Sl (Ss Kan (glas s yo (1

b oSS Jslas (5535 o3 b Jlw (gla sl 505 (o

@@JsTdu&(ppm) 87 2oL ICP-MS ;5 (Zwt) dwlﬂuXRF@\i‘anﬁ@uJ I

Sample no. Ch-tr1-03 Ch-hs-05 Ch-w1-13 Ch-tr3-10 Ch2-w2-06
Rocks andesitic basalt andesite rhyolitic tuff Trachy-andesite andesite
(Wt%0)

Sio, 48.30 57.7 66.76 58.21 54.7
TiO, 1.08 0.95 1.09 0.88 0.80
ALO, 18.27 16.46 1576 17.23 14.56
Fe,O, 5.72 3.87 143 3.12 5.83
MnO 0.30 0.16 0.10 0.10 0.10
MgO 6.81 2.87 0.42 3.26 2.21
Ca0 7.78 4.87 4.32 3.45 7.87
Na,0 2.78 2.10 0.10 2.22 2.76
K,0 3.92 3.52 5.02 3.68 4.56
P,0, 0.10 0.15 0.21 0.20 0.20
Lol 487 6.76 3.45 6.76 4.87
Total 99.93 99.41 98.66 99.11 98.46
(ppm)
cr 78 93 140 130 164
Co 15 14.3 12.6 2.8 12.21
Ni 9.9 215 14.6 48.6 328
Sc 42 5.6 12.3 13.1 14.4
Ba 708 630 608 438 500
Zn 129 145 213 167 190
Rb 146 138 223 130 316
i 12 28 33 19 43
Sr 149 168 134 145 124
Nb 1.8 39 8.8 15.7 13.8
Zir 104 17.78 204.7 140 249
v 11.6 13.7 17.9 23.78 34.9
T 0.1 0.1 0.1 0.1 0.1
Ga 9.7 19.9 23 29 48
Cs 10.4 6.6 55 7.1 7.3
Th 10.1 32 1.6 32 9.1
U 2.2 1.4 1.7 39 24
V. 102 223 38 54 67
Pr 9.2 7.8 8 7.2 25
Nd 37 18.3 432 43 68
Sm 6.8 48 34 2.3 5.6
cu 240 103 324 34 46
Ly 0.2 0.3 0.6 0.2 0.3
EN 1.6 1.3 1.8 1.2 0.8
Yb 2.3 2.3 33 2.1 11
Gd 32 5.4 34 55 47
b 0.4 0.7 0.6 0.3 0.5
Dy 33 2.2 45 37 2.6
Ho 0.6 0.3 0.8 1.1 0.4
Er 11 1.9 1.0 0.1 11
T 0.2 0.1 0.2 0.3 0.4
Hf 32 1.2 1.9 2.0 2.9
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Sample no. Au (ppm) Ag (ppm) As (ppm) Cd (ppm) Mo (ppm) Cu (Wt%) Pb (wt%) Zn (wt%o)

Ch-tu-17 0.06 8.3 120 153 20.7 1.0 13.0 0.3
Ch-tu-18 0.3 8.1 65 17 14.3 2.0 5.0 1.2
Ch-tr-84 0.7 3.4 97 16.5 14.9 17.2 10.0 4.1
Ch-74 0.1 0.3 42 3.6 17.8 3.1 0.9 15
Ch-tr-10 0.1 0.8 98 5.0 0.5 0.9 8.0 4.2
Ch-po87 0.09 4.8 49 64 1.0 3.3 11.7 3.5
Ch-87 0.03 2.0 356 5.0 8.9 0.9 3.0 4.4
Ch-88 0.03 0.9 1020 2.4 1.4 0.8 3.4 0.07
Ch-tr-50 0.002 1.0 678 2.2 2.8 0.02 0.04 0.1
Ch-tr-80 0.008 0.4 37 12 14.9 0.02 0.4 0.3
Ch-tu-90 0.04 0.2 27 135 0.9 1.0 0.9 0.2
Ch-99 0.2 8.5 100 34 19 1.4 0.8 0.3

Mo ailate 31 5LaslS’ O prn e 8 51as ICP-MS (as 4 523 s =¥ U

Sample no. Au (ppm) Ag (ppm) As (ppm) Sb (ppm) Bi (ppm) Mo (ppm) Cu (Wt%) Pb (wt%) Zn (wt%)

Ch-tro1 25 11.6 1120 nd 185 12 7.3 15 0.4
Ch-tr03 20 21.7 89 nd 503 9.9 0.2 2.8 0.2
Ch-tr13 31 34 57 nd 1.85 7.5 2.1 1.2 0.2
Ch-hsl1 0.8 <1 5.2 20 <10 0.3 3.2 0.3 0.05
Ch-hs10 0.6 0.2 7.8 12 0.3 0.5 6.1 0.8 0.02
Ch-tro1 9.8 9.4 895 41 156 50 0.2 5.7 0.1
Ch-tr02 10.2 23 219 11 38 24 8.1 6.9 0.2
Ch-tr03 8.7 43 321 30 47 43 14 3.4 0.6
Ch-hs04 1.2 0.3 <10 2 0.5 <10 0.01 0.3 0.01
Ch-hs12 <0.1 <1 34 59 <10 0.4 8.2 0.2 0.03
Ch-hs13 <0.1 0.6 17 nd 0.3 3.8 7.1 0.1 0.01
Ch-tr04 25 76 1045 6 3.34 8.5 11 3.9 0.5
Ch-tr05 13 41 1718 12 53 24.5 3 4.2 1.6
Ch-tr06 46 32 229 180 33 32.8 2.3 5.6 2.3

ACho) Jl> 5 (Ch) bl aciar sla LS 55 Jlw (sl )Lk (5 20 50 55 Son slaosls—F J g

. Volume - Th . Te Tm,, Salinity
Sample no. Mineral % Origin n RS C) ) Wt% NaCl eq.
87-Ch-68 | Quartz | 10-30 | P-PS | 13 | 140235 | 205t | -13200 7810175
-19.6 5.0
87-Ch-Tu | Quartz | 20-40 P 22 | 160260 | 2810 8210 471012.0
19.8 29
87-Ch-23 Quartz | 30-40 ps | 26 | 157-285 | 2Rt | -l42t00 6.2t017.9
-18.8 4.0
89-Cho-8 Quartz | 40-60 P 20 | 290-350 | 29210 6210 481095
-19.6 29
89-Cho-11 | Quartz | 50-60 P 30 | 300360 | 221t 6610 3.0t010.0
18,0 19
89-Cho-12 | Quarz | 3040 | P-s | 23 | 200360 | il | 020 5010100

&S 0310 L& slaw -N
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Pb+Zn+Cu (I) .
Pb+ZntAg+Au CuxAu Zn+PbAg (IT) oo o3k
b f s bowlsde claojlS o s LY ) . s ) -
Ghon q;ﬁ }iuix{dh;f’ ke SISk 5 o 5AT S5 Sy 5 TIL - 50T o2y 5T b e
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@olaml 5 kil (oS als S oS palSs b gyl 5 5 oS s Gl S cdb g oSl
Ga+Sp+Py+Cpy+BoxTet-
Cpy+Py£Sp+Ga+Gold+TntBo+Clc | Mg+Hm+Py+Cpy+Tet+Ccl+Mal+Az+Cv+Cry TntCer+Mal+ClcCv:Dj
Balbb § Kl b S
Dol+Qz+Cc+Ba+Ep Qz+K-feldspar+Cc+Chl QzxCc
ket 9 (s o St 3 (Sl g = g Sk 5 &S 5T s (St | SIS b s g0 Sl 570
Early st Stage 1
—arly stage Th,, =213°C
Thg =344°C Salinity=10 (wt%NaCl)
Salinity=9 (wt%NaCl)
Stage 2 A E b ~uSile
Thtotal =287°C Th =260°C ; (Lé) ff i
ik 0, . otal SIgw 4 “w
Salinity=12.7 (wt%NaCl) Late stage Salinity=14.5 (wt%NaCl) ?v“vtgﬁJNaCﬁ
Th,,, =306°C Stage 3
Salinity =5 (wt%NaCl) Thy =167°C
Salinity =7.5 (wt%NaCl)
Depth=600 m Depth>700 m Depth=380 m (M) i S b3
Pb (3.1%) Cu (3.0%) Pb (4.0%)
Cu (1.0%) Pb (2.0%) Zn (2.3%)
Zn (0.8%) Zn (0.5%) Cu (1.5%) il sbe
Ag (30.6ppm) Ag (20ppm) Ag (3ppm)
Au (14.6ppm) Au (15ppm) Au (0.1ppm)
(Shamanian et al., 2004) AR5 ) 235 ol 5 OYM) Gl ol &l
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Abstract

The Torud-Chah Shirin volcanic-intrusive arc, in the south of Kavir-e-Chah Jam depression (SW of Damghan), hosted many Pb, Zn, Cu, Ag and Au
occurrences and deposits. Cheshmeh Hafez (Pb-Zn+CutAg+Au) and Challu (Cu-Au+Ag) polymetallic vein-type ore deposits are the major one located
in the central part. The Tertiary 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. The exposed rocks in the Torud-Chah Shirin consist of volcaniclastic sequence composed of siltstone, thin bedded sandstone,
lapilli tuff and volcano breccias and mostly andesitic and andesitic-basalt flows. Main host rocks at Cheshmeh Hafez are andesite and andesitic-basalt,
while in Challu are trachy-andesite and basaltic trachyandesite, hosted polymetal hydrothermal mineralization in the area. Mineralization in the Cheshmeh
Hafez occurred in three main stage includes stage 1) vein and disseminated pyrite and chalcopyrite hosted in quartz with homogenization temperature of
188 to 238°C and salinity of 6 to 14 wt.% NaCl equiv, stage 2) main sulfide mineralization with vein, disseminated and brecciate texture hosted in quartz
with homogenization temperature of 243 to 276°C and salinity of 11 to 18 wt.% NaCl equiv and stage 3) replacement mineralization and vein-type (quartz
and barren calcite) with homogenization temperature of 148 to 185°C and salinity of 4 to 11 wt.% NaCl equiv. Mineralization in the Challu district with
low expanse and simple mineralogy occurred at two stage composed of stage 1) vein and veinlet pre-mineralization stage includes specularite, magnetite,
chalcopyrite and pyrite (T) hosted in quartz with homogenization temperature of 332 to 356°C and salinity of 7 to 11 wt.% NaCl equiv and stage 2) brecciate
and stock-work post-mineralization stage includes pyrite (IT), bornite, tetrahedrite, vein-type calcite and chlorite with homogenization temperature of 290
to 322°C and salinity of 3 to 7 wt.% NaCl equiv. According to the recent studies, it can be inferred that with distance increasing from Challu district to
Chesmeh Hafez mining area, homogenization temperatures (Th), salinity and depth of mineralization decreases gradually and mineralization at Challu and
Cheshmeh Hafez districts have characteristics of an individual mineralization system that caused by mixing of hydrothermal fluid with meteoric water.
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