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ls Sl 0,053 g 0l Slls Cad Sl So b bl HLls g9
Minter (1993) Au> Ag; U common; Ag; U <Au 5 (o po JUR AT
Au:Ag typically 10:1 Vo) AuAg o o
Poulsen and 1-10 Mt of ore @ 3-10 g/t Au | Ag,Au,Cu wb o3k . Mo 5l e gl o0gs ol
Hannington (1996) and 1-5% base metals b 5 TS ) 7 >
AU<AG Jyore ;5b 4 by ) le asg> o
Nelson (1988); Typically <30 t Au; up to Au, Ag, Hg,As, Sb, Tl o Sl ¢ ks 5 ol dniin

Bonham (1989);
Berger (1985)

20 Mt of ore @ 5 g/t Au

Ba; locally,W Au, strong
vertica

ZoKnlnol

fhanioalls, A

LYool g ad iy b3l

Heald et al. (1987);
White and

<100 t Au but some >500 t
Au;

1 ol
Au, Ag, As, Sb, Hg + Pb,
Zn, Te; Au:Ag=1:10to

g ot ¢ Caang o ]|

S bVl Jlo 5 o]

Hedenquist (1995) grades of 2-70 g/t Au 1:25; 5 mak b Y50l
vertical zoning Sy
Arribas (1995); Heald | 10-150 t Au but up to 600 t Au, Ag, As, Cu, Sh, Bi, TN | PRV DO IRCVER [ CAEVEN | Y PYC I

et al. (1987); White
and Hedenquist
(1995)

Au; grades of 1-8 g/t Au,
averaging 4-5 g/t

Hg, Te, Sn Pb; Au:Ag 1:2
to 1:10; metal zoning

4y ST Gl S0

Sillitoe (1991) 50-100 t Au, up to 400 t; Au, Cu, Ag £ Bi-Te; L, s LS s ool
grades of 0.5-2 g/t Au and Au:Ag>1:1 A 9""9’ il 709
<0.8% Cu Sebi3,l Jgore ysbo

aidyig Sbjyl s
Sillitoe (1991) 6-60 Mt of ore @ 1-2 g/t Au; | Au, Ag, Pb, Cu, Zn; 5 i8S yos S

some up to 100 t Au

Au:Ag<1:1
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Meinert., (1989)

1-10 Mt of ore @ 3-10 g/t
Au, <1% base metals; <100 t

Au, Ag, As, Bi, Te;
Au:Ag variable

poesl] 3l slrasgaze

Ol

Au fyl.g 4.?)0 Q)Liw‘ 3
oXg p abiaz )3 Sl 5
°9E
Sillitoe., (1991) Typically <3 Mtof ore @ 5- | Au, Ag, As, Bi, HG£Pb, | - £, ooty cuolow Sal (55ke) liy,S il

20 g/t Au & 1-5% base
metals; up to 65t Au

Cu, Zn; typically Au<Ag

Berger and
Bagby., (1991)

1-10 Mt of ore @ 1-10 g/t
Au; some up to 500 t Au.

Au, Ag, As, Sb, Hg;
typically Au<Ag

b AL S sl S

o

Obiee s BB e b
(O wd ) (29w,

Sillitoe., (1991)

1-20 Mt of ore @ 2-5 g/t Au;
some greater than 500 t Au.

Cu, As, Bi, TexW, F, B

b (CadsSs, e Sodse) 6l S .é
]

Fyles., (1984) Mostly <5 Mt of ore at Au, Ag, Cu + Pb, Zn; - T o o
3-15 g/t Au; some >100 t Au | typically Au<Ag A 5 sl OIS dalge 1 (e A,
o= 9
Shelton et al., (1988) | 1-10 Mtof ore @ 1-10 g/t Au | Au, Ag + Cu, Pb, Zn; S 5 b | gl Loles 5 5 o5,

Au:Ag variable

( Korean g4)

Knopf (1929) 1-10 Mt of ore @ 5-10 g/t Au, Ag, W, B + As, Mo; wloS S, e by 2 50

Au; mostly 25-100 t Au, but
many >250 t Au

Au:Ag =5:11010:1;
no vertical zoning
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Boyle (1986);
Cox et al.,(1991)

Mostly <5 Mt or ore @ 6-15
glt
Au; some >500t Au

Au, Ag, Ast W;
Au:Ag=5:1t010:1

(S s foS g gk

S 3l sleas
) (Sl e syl
(Bendig

Caddy et al.,(1991)

1-10 Mt of ore @ 3-20 g/t
AuU;
some >500t Au

Au, Ag, As
Au:Ag =5:1t0 10:1
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Main tectonic
units of iran
Alborz belt
Folded Zageos zone
Sea
East Iran belt
Trust Zagros zone
Kopeh Dagh
Lut block
Makran

|

1/ HEme
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|
:

t Sanandaj-sirjan zone
Sabzevar block
. Tabas block

i Tabriz-Qom belt
Yazd block

@ Alborz magmatic assemblage
E East iran magmatic assemblage
- Uromieh-Dokhtar magmatic assemblage

0 == 200km
Massive sulfide Sediment-hosted Magmatic-Hydrothermal Manto-type
cu deposite Cu deposits cu deposit cu deposit
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L andllas 5,40 dilaio cundge o (Alavi, 1991., Aganabati, 2003) ¢35 10 o)l p! 0,800,515 ,lgjm oKla—V-Y IS
EIB: East Belt, LB: Lut Blok, TB: Tabas Blok, PBB: Poshte Badam Block, YZ: Yazd )..,tus cwdle

Block, SZ: Sabzevar Zone, AB: Alborz belt, MAC: Makran Accretionary complex, ZO: Zagros
Orogen, SSZ: Sanandaj-Sirjan Zone, TSZ: Tabriz-Saveh Zone, KD: Kopeh Dagh, UDMA: Urmia-
Dokhtar Dokhtar magmatic assemblage, AMA: Alborz magmatic assemblage, EIMA: East Iranian

(magmatic assemblage
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l:il per; Green schist, tuffaceous shale, slightly metamorphosed
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Unit4: lithic tuff and trachyandesite, trachybasalt

Unit3: pelagic limestone and tuffaceous shale

\g}‘ Unit2: trachy andesite and andesite basalt lava flows
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Unitl: red and green crystal tuff and sandy tuff.

Synclinal

Synclinal

aslllas 3,90 adlaie 5l Oljee slaazly )3 (21l CunBse 5 (o250 whate- V- SCS

SYMBOL Lithology

Age
w |z
::
0|2
Q|5
o
M| &
“Ni
o £}
(© BN -
)
i
©
-
-
P
5

K2It; lithic tuff, lava flows with trachyandesite and trachy basalt
K2l;Pelagic limestone, (Globotruncana)
K2rsh; Tuffaceous shale
A OH2-Bijvard Mn-Au deposit
fihatt OH2- sebandoon Au deposit
‘177", OH1- alghabaei and sebeh Cu-Au
~ 2 7 K2sqm; Subvolcanic olivine- basalt
A ‘:.: K2pb; Pillow lava, andesitic basalte and trachyandesite,
Agglomerate and lapilli tuff.

K2rt;Red to dark crystal tuff
£
§ l K2gt;green to dark crystal tuff

(05w Jlod) s ausli 57 g3 S sloasly 5l coges gwlid aie ygn-Y-Y S

of



Y.
ot
4#%%..%
o)

TN RSO

(>

&

35°32 0N

1.444“

'
s
A DAY
L AT IAY

ety Xt
B e R AT
R e Tt dkrv
«1
o)

S
SISy

AR
Ll
" AL

“O‘

.

:

AT
»
ke

i

35°30'40"N

w
z

3
@
w
~
n

1 Kilometers

o5 0

1

Aleghbaei altration

;Lithic tuff and trachyandesite and trachybasalt lavas

'

g

wiun

- -
)
m.nm.n
e 8 8 8
o
um.uw.
« o <a g
e 3 £ £ 3
mcmmmm
22 38% 3
S @ > > a @
bsuus.
& @@y 5
2 o
®0 00 3
T O
2 8
mm_.
3 =
= 48
i B B
.mwc
. & S ¢
£ § § 8
- 5 2+ T
T £ v &
E © @& @
c £ § &
hdﬁm
o =
cmmw
T s 83
. & 8 = =
e w 42 & v
mhcsw.
tsmwc
g L2 W 9
E £ 8§ £ =
= § g &8 ©
e © = 3T 8
B g § 2 ¢
2 @ & v B
P.v.'mG
I - s
& £ & £ 8
g ¢ € ¢ ¢
<

enun nun

SNO32e}aid ajen

- K2sqgm; Subvolcanic quartze monzonite

asa-F-v s

Sy owlid ()

olde

gy ~SLariS] JIgs o (Gase o Gl 5 e )Luils CusBge 5 (o adlate

(0w Jlad) Cynny asls )

IAYA



o 3
£ T 3
£ 3E 3
A c <3 g B
i“ gﬁ e ﬁ ) @
o o S20H2 § £ £
1939 M c T =] =
AT 3 - s € E - S
v 88 3 < < 5 %
. aa - T
K™ $ FTN T B §
1800 M =/ \ y & B "
F ~
oo
k)
<

1725 M

1655 ™

1Km 2Km 3Km aKm 5Km 6 Km 7Km 8Km

Unitd4 l Lithic tuff and trachy andesite and trachy basalt
plagic limestone
Unit3 Shale and tuff
Andesite basalt and trachyandesite.
Unit2 Sub volcanic
Red tuff
Unitl Green tuff
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bl (b — s LS slao,ls, g1y ICP-MS 56T laosls V=% Jso

T Lall

2 ke dmlydfy  deiyafy  deaipaly "E'P‘J AF; dmamiyal  Amaiyaly Al Al

Name AL-71 AL-T-8 AL7-9 AL15 AL-17 AL-18 AlL-19
Ag 0.3 0.3 01 02 01 5.9 22
al 6.54 616 .64 b.a2 .41 258 268
As 1n2 23 0.075 0.075 0.075 0.075 0.075
Ba 105 205 68 2 146 14 g
Be 0.3 0.3 0.3 03 0.3 03 03
B 0.2 0075 0.07% 0.075 0.075 0.075 0.075
ta 0.3 0.37 271 21 8.8 0.43 1801
od 01 0.2 0.075 o1 0.075 o7 0.6
e 3 2 3 5 5 a a
Co 431 9.1 18.7 104 35 125 12
o a8 a5 67 70 1 12 74
ts 0.375 0.375 0375 0.375 0.375 0.375 0.375
tu 1851 a059 212 1189 154 17926 14664
Dy 1.38 0.8 077 159 22 24 146
Er 1,02 0.89 0.8 .07 1,77 PG | 1,15
Eu 011 18 01 0.4 0.28 0.4 014
Fe 972 BTE 6.3 18 B35 7.08 228
&d 0.98 0.98 0.74 1.54 162 158 117
Hi 0.65 0.66 059 o8 117 0.9 0.5
In 0375 0.375 0375 0.375 0375 0.375 0375
K 730 8210 4523 1115 8183 1699 203
La 2 2 3 z 2 3
L 6 5 6 10 10 8 g
Lu 0.2 n.24 0.16 0 0.36 0.5 0.2
Mg ".79% L7 57% B25E "2.7a% 247 11059
Mn 18 817 953 518 1448 695 689
Mo 0.075 0075 0.075 0.075 0.075 0.075 0.075
Na 13017 13978 13028 23902 17046 26115 8758
Nb 12 11 0.7% 1 13 oS 0.75
Nd 0.375 0.375 0375 0.375 0.375 0.375 0.375
Ni 4z 53 a1 P 1 3 T
P 115 112 118 as7 159 7 23
Pb 12 15 1 ors 13 12 4
Pr 0.33 ] .31 052 0.52 .47 0.5
b 2 075 075 0TS 0.75 07s 0.7
5 176 562 185 218 140 718 1640
s 0.375 0.375 0375 0.375 0.375 0.375 0.375
5 30.8 az 34.5 s 501 17 221
se 0375 0.375 0375 0.375 0375 0.375 0375
s 1113 32.54 .72 3009 26.52 3639 2041
sm 0.54 0.83 0.46 076 105 0.86 0.67
sn 0.5 0.6 0.8 o4 0.4 0.4 0.4
P 16.7 15.4 18.6 72 694 ns 1
- 017 018 017 018 0.17 017 0.15
B 0.28 0.2 0.1 0.34 035 0.37 0.9
e 0.93 0.56 011 0.075 D12 on 0075
T 0.78 0.53 0.49 051 053 047 0.46
T 1945 T 1330 2044 e 2699 120
m 0.075 0.075 0.075 0.075 0.075 0.075 0.075
m 0.2 0.17 0.16 0.36 0.26 0.37 0.25
u 0.2 0.2 0.075 01 01 05 0.5
v 203 210 182 252 266 137 164
W 0.7% 075 0,75 075 0.7% 075 B.75
¥ 11.3 o5 83 195 156 194 us
¥b 1. 16 14 27 28 27 24
- 155 170 7 Py 96 116 e
ar 8 8 7 13 n 0 7
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A § 9 A (b= s HLuilS slao L, 61, ICP-MS LT slaosls -Y-# Jgu

sl (399 A 99N dw (g duw L Ao

Name SN-6 SN7 SN-10 SB4-2 SB-3
Ag 1.6 3.1 3 0.1 0.1
Al 1.13 4.20 3.84 6.89 7.15
As 12.3 3.2 47 0.075 0.075
Ba 35 23 54 205 192
Be 0.4 0.5 0.4 0.6 0.6
Bi 0.075 0.075 0.075 0.7 0.2
Ca 0.33 0.08 0.09 1.46 1.6
cd 3.2 14.3 29.4 0.075 0.075
Ce 4 2 4 17 18
Co 6.9 22.2 21 14.2 15.2
cr 46 51 10 9 10
Cs 0.375 0.375 0.375 1.6 2.2
Cu 134 149 445 3838 4663
Dy 0.69 0.24 1.22 4.86 5.38
Er 0.41 0.13 0.84 3.76 3.87
Eu 0.18 0.075 0.075 0.89 0.81
Fe 3.1 3.94 6.49 3.85 4.03
Gd 1.08 0.4 0.93 4.24 4.42
Hf 0.375 0.59 0.95 2.64 2.87
In 0.375 0.375 0.375 0.375 0.375
K 329 2053 2930 14292 11920
la 4 1 2 7 8
Li 34 27 16 12 13
Lu 0.075 0.075 0.15 0.6 0.65
Mg 15209 4.41% R2.68% 8739 8528
Mn 663 477 482 553 616
Mo 1 4 10 4 2
Na 243 208 255 24376 25961
Nb 11 1 0.75 2 21
Nd 0.375 0.375 0.375 8 8.9
Ni 32 27 10 0.75 0.75
P 708 88 120 451 479
Pb 51 176 34 1 0.75
Pr 0.77 0.23 0.41 2.27 2.53
Rb 0.75 0.75 0.75 24 20
S 23656 25720 "4.33% 2294 2236
Sb 1 1.3 1.4 0.375 0.375
Sc 5.7 28.7 22.7 20.4 20.8
Se 0.375 0.375 0.375 0.71 0.375
Si 4353 37.12 36.12 36.88 33.69
Sm 0.59 0.22 0.69 3.09 3.9
Sn 0.5 0.3 0.5 1 0.9
Sr 10 8.4 5.6 369.2 421.9
Ta 0.19 0.16 0.15 0.21 0.24
Tb 0.2 0.13 0.26 0.8 0.83
Te 0.21 0.075 0.27 2.38 1.15
Th 0.48 0.44 0.48 1.43 1.58
Ti 244 893 1798 3205 3283
T 0.52 4 0.73 0.43 0.35
Tm 0.075 0.075 0.15 0.56 0.59
u 1.2 6 0.4 0.3 0.3
v 54 140 196 52 50
w 0.75 0.75 0.75 0.75 0.75
Y 8.4 3.3 9.9 28.5 30.3
Yb 0.7 0.6 1.4 2.7 2.8
Zn 675 1769 892 33 40
zr 7 10 17 31 35
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Al g0 2oy

Hlwils Au-Mn- Dahaneh Bijvard

oylws, Steringer Massive Bedded Steringer Bedded Bedded Massive Massive
Name MN-01 MN-03 MN-04 MN-06 MN-08 MN-09 MN-10 MN-11
Ag 0.3 4.3 6.1 0.075 4.5 5.3 4.5 2.6
Al 9.21 4.69 5.41 3.70 2.09 2.84 1.57 0.82
As 0.8 485.8 427.13 6.2 443.35 351.83 221.99 414.05
Ba 24 69 32 11 17 44 16 10
Be 0.15 13 1.5 0.15 0.7 0.9 0.6 0.5
Bi 0.2 0.8 0.7 0.2 1 0.9 0.9 1.4
Ca 5.52 8.2 13.45 17.61 11.86 9.72 6.75 9.59
Cd 0.075 1.9 1.3 0.2 1.4 1.6 1 1.4
Ce 6 14 14 7 11 13 9 8
Co 39.3 48.4 49.4 9.8 335 41.5 41.4 25.7
Cr 45 70 36 11 33 48 103 102
Cs 0.7 1.2 0.6 0.5 0.5 0.375 0.375 0.5
Cu 317 1085 1812 366 341 340 199 6670
Dy 2.48 7.64 6.37 1.55 6.91 6.32 8.1 7.38
Er 1.9 4.54 3.74 1.1 3.92 3.77 4.66 4.68
Eu 0.44 1.86 1.55 0.22 1.62 1.45 1.84 1.85
Fe 8.16 22.54 13.7 4.32 23.89 24.25 37.22 33.17
Gd 1.89 6.49 6.01 1.52 5.94 5.31 6.81 6.28
Hf 1.69 1.01 0.91 0.96 0.86 0.96 0.96 0.77
In 0.375 0.375 0.375 0.375 0.375 0.375 0.59 0.74
K 8566 8949 548 75 75 75 75 75
La 7 41 37 9 40 37 39 42
Li 15 19 11 13 8 7 6 8
Lu 0.29 0.57 0.45 0.19 0.55 0.42 0.64 0.55
Mg 28000 21000 19521 4707 4440 4522 2877 3128
Mn 1656 40000 52000 1186 36000 40000 40000 14526
Mo 0.075 14 21 0.075 13 14 6 15
Na 28044 2919 682 581 407 115 75 373
Nb 0.75 0.75 0.75 0.75 0.75 1.2 0.75 0.75
Nd 3.8 31.3 28 3.1 28 25.6 30.1 30.6
Ni 29 96 87 11 83 91 111 93
P 282 8147 16886 994 17816 8468 5329 20240
Pb 10 99 66 18 83 83 105 93
Pr 0.0375 7.33 6.48 0.0375 6.25 6.17 7.21 7.25
Rb 7 15 0.75 0.75 0.75 0.75 0.75 0.75
S 89 750 1193 230 888 761 476 627
Sb 0.375 0.6 0.375 <0.5 1.2 1.1 2.4 <0.5
Sc 43.1 24 10.2 9.9 6.2 14.1 10.2 5
Se 0.375 0.375 0.375 0.375 0.375 0.375 0.375 0.375
Si 21.5 12.81 13.65 17.11 13.71 15.64 10.99 10.59
Sm 0.86 6.07 5.38 0.39 6.06 5.21 6.28 6.12
Sn 0.5 0.7 0.5 0.4 1.2 0.8 1 1.4
Sr 135.1 147.2 163.5 70.7 145.7 84.8 50.8 159.3
Ta 0.47 0.44 0.4 0.36 0.39 6.35 04 0.36
Tb 0.45 1.11 0.96 0.34 1.02 0.94 1.14 1.12
Te 0.075 0.67 1.72 0.28 0.32 0.62 1.62 1.83
Th <0.1 0.44 0.14 0.075 0.4 0.74 0.46 0.075
Ti 4403 1816 826 861 613 1196 853 458
Tl 0.25 0.6 0.12 0.11 0.075 0.075 0.075 0.075
m 0.28 0.7 0.46 0.19 0.56 0.54 0.65 0.64
U 0.1 1.1 1.4 0.2 1.5 1.4 1.1 25
Vv 316 755 921 172 380 634 418 233
w 0.75 1.4 3.3 0.75 3.6 2 2 3.6
Y 14.9 43.5 35.2 15.5 42.9 36 47.9 50
Yb 2.8 6.6 6.1 2.6 6.1 6 7.2 6.7
Zn 121 328 362 40 186 239 224 237
Zr 36 48 30 14 25 37 43 23
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0.1
7.97
0.3
254
0.3
0.1
2.4
0.075
18
7.9
10
0.5

4.59
3.46
0.74
2.74
3.39
431
0.375
18846
11

0.58
5614
581
0.075
41560
0.75
10.3

342

1.61

63
0.375
15.6
0.375
32.06
2.63
0.9
50.6
0.4
0.67
0.075
0.42
2552
0.15
0.54
0.4
64
0.75
26.2
3.1
51
100
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0.5
8.39
2.3
16
0.15
0.2
4.41
0.075

325
67
0.6
134
1.87
13
0.17
6.95
1.25
1.29
0.375
12691

22
0.27
"3.4%
1259
0.075
10939
0.75

57.7
0.375
24.72
<0.02
0.4
87
0.44
0.34
0.075
0.075
3261
0.075
0.24

354
0.75
13.8
2.6
93
13

0.3
6.04
1.9
11
0.15
0.1
0.76
0.075

9.5

0.5
413
6.03
4.17
0.56
4.94
3.66
2.28
0.375
1918

12
0.67
10729
749

28029
0.75
4.6
0.75
343
11
0.13
0.75
64
0.375
314
0.375
32.99
1.45
0.6
70
0.34
0.76
0.075
0.075
3418
0.11
0.67
0.1
18
0.75
35.9

127
57

0.5
6.55
0.5
16
0.15
0.1
1.59
0.075

4.1

0.375
11
124
9.74
1.38
4.8
6.81
3.27
0.375
2878

16
1.61
8191
958
0.075
30222
0.75
9.2
0.75

17
0.88
0.75
13.25
0.375
28.7
0.375
32.63
3.75
1.5
29.5
0.37
1.45
0.075
0.075
2762
0.075
1.53
0.2

0.75
38
5.1
134
42

0.1
6.54
2.7

0.15
0.1
2.24
0.075

16.6
163
0.375
32
3.19
2.68
0.38
4.97
2.12
1.1
0.375
169

11
0.4
15504
898
0.075
35108
0.75
2.7
26
435

0.375
0.75
13.25
0.375
42
0.375
32.22
0.59
0.5
22.6
0.36
0.5
0.075
0.075
2834
0.075
0.42
0.075
239
0.75
24.2

91
16

0.1
5.61
4.9
257
0.3
0.1
0.5
0.075
17
3.4

0.5
18
4.94
3.84
0.89
2.64
3.71
2.74
0.375
18154
11

15
0.54
4166
905
0.075
30010
0.75

1.23
11
13.25
0.375
17.7
0.375
3491
2.74
0.9
31.2
0.36
0.73
0.075
0.17
2982
0.21
0.62
0.4
16
0.75
33.7
3.9
90

0.7
10.14
4.1
84
0.15
0.1
6.07
0.1

22,5
11

2315

1.96
0.59
6.86
2.32
1.43
0.375
5496

0.34
".25%
1859
0.075
34825
0.75
45

764

0.075
0.75
118
0.375
37.6
0.375
20.58
1.04
0.4
239.4
0.36
0.56
0.075
0.075
4191
0.075
0.36
0.1
405
0.75
16.4

121
22

0.2
6.53
6.6
153
0.5
0.2
2.96

0.375
15.3
0.375
29.46
3.32
11
639.2
0.38
0.9
0.075
0.42
2994
0.17
0.72
0.4
12
0.75
30.9
3.9
84
102

0.3
6.68
0.7

0.15
0.1
4.66
0.075

24.9
332
0.375
26
2.81
2.14
0.34
5.99
1.72
1.2
0.375
75

0.35
.13%
1372
0.075
30504
0.75
1.7
52
217

0.375
0.75
62
0.375
50.3
0.375
24.88
0.41
0.5
40.6
0.35
0.45
0.075
0.075
3657
0.075
0.38
0.1
249
0.75
22.5
33
99
18
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Code Assay Location Sample type

AL- 5 Qkall o3guxe u-"”jf Caacnsd )
AL- 5 gkl edgue U"’"_9§ Caowd
AL- 608 QL] 2390 Silgw 09) Sisud
Bj-1 397 U Mgme 039w ST dleSs
Bj-2 6 U Yyme s39doxe oo palawd 35 Jeds
Bj-6 1086 (% Ygzww od9dme  38xe ol Sl oled (S 3LeSo
Bj-7 366 st Ypme oddme 58 AT deS ohed (ST LS
Bj-8 2885 15 Ygzw oddme  38xe ol Sl oled (S 3LeSo
Bj-9 1131 Q% Ygw oo e o el olped Syl 3loySy

(957 (Sme &8, 51 5 JGT) (PPD) s Sl 85970 4o ame 10 5 la> sleo e 51 M LT ol —F-F Jso

Hole id | Assay |HOIeid | Assay |Holeid | Assay |Ho|eid | Assay |Ho|eid | Assay |Ho|eid | Assay |HOIeid | Assay

BH-9 5 BH-18 5 BH-18 5 BH-1 5 BH-16 5 BH-2 5 BH-3 60
BH-9 5 BH-18 368 BH-18 5 BH-1 5 BH-16 5 BH-2 5 BH-3 77
BH-9 5 BH-18 190 BH-18 5 BH-1 5 BH-2 208 BH-2 5 BH-3 95
BH-9 5 BH-18 193 BH-1 5 BH-16 357 BH-2 378 BH-3 5 BH-3 173
BH-6 5 BH-18 426 BH-1 20 BH-16 24 BH-2 50 BH-3 47  BH-3 127
BH-6 5 BH-18 75 BH-1 122 BH-16 53 BH-2 188 BH-3 36 BH-3 63
BH-6 5 BH-18 1081 BH-1 173 BH-16 53 BH-2 163 BH-3 93 BH-3 5

BH-6 5 BH-18 130 BH-1 80 BH-16 15 BH-2 66 BH-3 39 BH-3 5

BH-20 5 BH-18 355 BH-1 28 BH-16 24 BH-2 61 BH-3 21 BH-3 5

BH-20 5 BH-18 285 BH-1 80 BH-16 35 BH-2 45 BH-3 25 BH-17 118
BH-20 5 BH-18 209 BH-1 40 BH-16 20 BH-2 50 BH-3 10 BH-17 139
BH-20 5 BH-18 579 BH-1 92 BH-16 19 BH-2 33 BH-3 43 BH-17 118
BH-20 5 BH-18 254  BH-1 97 BH-16 15 BH-2 33 BH-3 50 BH-17 72
BH-20 5 BH-18 170 BH-1 40 BH-16 11  BH-2 32 BH-3 25 BH-17 129
BH-20 5 BH-18 198 BH-1 66 BH-16 8 BH-2 57 BH-3 28  BH-17 163
BH-20 5 BH-18 74  BH-1 421 BH-16 6 BH-2 67 BH-3 42  BH-17 363
BH-20 5 BH-18 49 BH-1 865 BH-16 17  BH-2 53 BH-3 42  BH-17 370
BH-20 5 BH-18 53 BH-1 15 BH-16 16  BH-2 92 BH-3 54  BH-17 72
BH-22 5 BH-18 121 BH-1 552 BH-16 13 BH-2 95 BH-3 53  BH-17 68
BH-22 5 BH-18 57 BH-1 5 BH-16 9 BH-2 5 BH-3 49  BH-17 13
BH-22 5 BH-18 5 BH-1 14 BH-16 5 BH-2 5 BH-3 50 BH-17 58
BH-22 5 BH-18 5 BH-1 5 BH-16 5 BH-2 5 BH-3 44 BH-17 316
BH-17 5 BH-18 5 BH-1 5 BH-16 5 BH-2 5 BH-3 45  BH-17 5

BH-17 5 BH-17 5 BH-17 5 BH-17 5 BH-17 5 BH-17 5
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Nb/Y - Zr/Ti plot (modified by Pearce 1996)
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Nb /Y
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Spider plot — Primitive Mantle (Sun and McDonough 1989)
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Spider plot - Primitive Mantle (Sun and McDonough 1989)
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Spider plot — Primitive Mantle (Sun and McDonough 1989)
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Spectrum 6
Element Line Type Weight % Weight % Sigma Atomic %
C K series 19.27 0.35 26.16
0] K series 66.67 0.35 67.97
Ca K series 10.26 0.12 4.17
Cu K series 1.30 0.11 0.33
Al K series 1.27 0.06 0.77
Fe K series 0.46 0.07 0.13
Mg K series 0.49 0.06 0.33
Cl K series 0.28 0.04 0.13
Total 100.00 100.00
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Spectrum 1
Element Line Type Weight % Weight % Sigma Atomic %
S K series 38.73 0.30 47.91
Fe K series 27.47 0.25 19.51
Cu K series 29.52 0.30 18.43
C K series 4.28 0.59 14.15
Total 100.00 100.00
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Rockes from non- orogenic environments Au (ppb)
MORB 1.2
Intraplate basalt 2.0
Flood basalt 3.5
Initial magma., layered 4.6
Gabbroic complex -
Kimberlites and mantle xenoliths -
Kimberlites 3.1
Garnet peridotite 2.7
Garnet peridotite” 0.85
Eclogite 3.4
Spinel lherzolites 0.5
Alkaline plutons 2.8
Rocks from orogenic environment -
Ophiolite harzburgite 2.8
Mafic volcanics, convergent margins 2.2
Felsic volcanics, convergent margins 1.55
Granitic plutons 2.6
Igneous rocks of Precambrian greenston belts -
Perioditic komatiite 4.2
Komatiite basalt 12.4
Tholeiitic basalt 5.7
Granitic plutons 1.5
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Abstract

Aleghbaei and Sebeh coper-gold deposits, Sebandoon gold and Bijvard (south and north) Mn-Au
deposits are located at 26 km of north of Bardeskan in the Sabzevar structural sub zone, occurred
in a Late-Cretaceous volcano-sedimentary sequence. The host rock sequence involves 4
lithological units from bottom to top:1- green and red vitric crystal tuff with rhyolitic, rhyodacite
composition and alternation of lava with composition of rhyolite to dacite, 2- Lava unit with
trachyandesite to andesite-basalt, agglomerate, lapilli tuff and sandy crystal tuff composition. 3-
Fossiliferous pelagic limestone with calcareous tuffacous shale, and 4- Lithic crystal tuff with
rhyolitic and dacitic composition, alternation of lava with trachyandesite and trachy basalt
composition. Mineralization occurred in the units 2 and 3. The first horizon contains Aleghbaei
and Sebeh copper-gold deposit occurred at lower parts of the unit 2, as stringer copper veins and
to a lesser extent gold. Horizon 2 includes the Sebandoon gold and Bijvard Mn-Au deposits
occurred at upper parts of the unit 2 and lower parts of the unit 3. The host rocks of mineralization
are mostly comprised of trachy andesite to andesite- basalt, sandy acidic to intermediate tuff,
tuffaceous shale and small amount of plagic limestone. Based of mineralographic studies,
structural and textural, ore mineralogy and host rock types, there are four ore facies in the
orebodies, from bottom to top: 1) The vein-veinlet facies or stringer zone cuts the trachyandesite
to andesibasalt host rock as stockwork texture.2) The vent complex in Sebandoon and Bijvard
Mn-Au deposits shows brecctiated texture containing stringer fragments and variety of sulfidic,
oxidic and siliceous minerals. 3) Stratabound massive ore facies as high grade ore occurred in the
North Bijvard Mn deposit. This facies does not present in all deposits, and 4) Exhalative-
laminated rock facies includes pyrite in the Sebandoon mine as sulfidic laminaes. This facies
consist of bands and laminations of sulfide minerals within tuffcious shale, which is overlied by a
manganes-rich radiolarian tufaceous layer. This facies in the south Bijvard Mn deposit involves
alternations of Mn-Fe oxide-hydroxide-rich bands and tuff-chert-rich band, representative
precipitation on the seafloor. This facies involves psilomelane and pyrolosite with chloformand
blade textures. According to field studies and microscopic mineralography, the variety of ore
minerals in Aleghbaei mine consist of chalcopyrite, pyrite and bornite. In the Sebeh deposit, the
ores consist of pyrite and chalcopyrite, and ore minerals in the Sebandoon mine are as pyrite,
chalcopyrite, sphalerite, marcasite, bornite, arsenopyrite, gold and galena. Also at Bijvard Mn-
gold mine contains the sulfidic minerals like pyrite at footwall, and iron-Mn oxides like
pyrolosite, hematite and magnetite in the stratiform ore. The main alterations include of
chloritization, epidotic, silici-sericitiec-carbonatic, and secondary argillic. Geochemical studies
and various REE and rare elements diagrams indicant a tholeitic nature for the host rocks and
show formation of the rocks in an island arc whitin the Sabzevar back arc extensional basin.
Based on geochemical results, amount of copper in stringer zone at Aleghbaei is %1.8 and the
amount of gold is recorded up to 600 ppb. There is copper mineralization as chalcopyrite in this
zone. In Bijvard Mn-gold deposit, the amount of gold is up to 4.5 ppm which is coexisting with
pyrite. The Sebandoon deposit contains up to 2.5 ppm gold associated with sulfide minerals in
stringer and brecciated ores. According to the geochemical diagrams, the manganese ores plot in
the submarine hydrothermal fileds. The manganes horizon at Bijvard deposits is equivalent to the
manganese-chert-radiolaria-rich layer above the Sebandoon deposit, which indicates formation of
these deposits both on the seafloor and subseafloor in the Late Cretaceous volcano-sedimentary
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basin. Based on various evidences including the tectonic environment, host rock sequence,
occuring in specific ore horizons, ore facies, orebodies geometry, ore textures, mineralogy, metal
content, metal zonation, alteration, geochemistry of manganese ores, these deposits are most
similar to the Besshi-type or politic-mafic volcanogenic massive sulfide copper-gold deposits.

Keywords: Copper, gold, manganese, Late Cretaceous, volcano-sedimentary, massive sulfide,
Bardaskan
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