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29 Goethite \Ade . Ve | oopey | eley . . . . . . . €UFq | /e . ¥ SEIAY
30 Hematitized | #yv/ff . VRS M IRRYES N INRVES N BRYES 4 . . % . . . o/ . Iy . FAIF0
pyrite
31 Barite < IYO . WY | ena . . . . o . . [Y | £V . . SIFO | VERY
32 Goethite INZAT N BRYA 2 o BERYRS N RV PR . o . ey | et . . . LY . e f . oY+ f
33 Goethite INNZS 3 BRYAN “leY . ol . . . . . ol . . . Y | oLy | 0fI-A
34 Barite “[eY . VVYY | vy . . . SN e . . . FYNF . . XY | OYEA
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17 Chalcopyrite YARY | ¥YE8 | YEIPY . . . . . . “N\Y . . . . . . 49/AY
18 Cu, Fe and As bearing mineral | a/y | aVAY | +/-¥ . el e . . \add . -5 . . I . . FYNY
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20 Cu, Fe and As bearing mineral | vv/sa | f8/.v | /-8 . . . . . YIPE | eleY | eleY . ooy . . . £8I0A
21 Cu, As and Fe bearing mineral | v/-A | oYy | «/-A . . A . © | YRS | ey | eleY . . o/ . -0 YYAY
22 Cu, As and Fe bearing mineral | YA | fAIAA | «/+9 . feN | el . < | YEIfO | eleY . . . . . o[-y YAFY
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2 Goethite ££1\ . RN VAV S RV oY . . . . <+ A . DR I 7R 4
5 Goethite OVIAE | <=0 | «NY | </-Y | YN?# . . . . . oY | el | eleY | oYY
8 Hematitized pyrite OVISY | /N | [0 | -I-f AZS . XY . . . . . . aa/Y
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Ni
Grain | 1core |00 0 | 0 | o [ o | 0 | 007 |007| 0 [00L| O | O
1 orim | 0 |003[001| 0 | 0 | 0 | 006 |006| O |008| 0 |002
Grain | 3core | 0 | 002 001| 0 [003|001| 01 |002| 0 |002]005]| 0
2 4rim | 0 | o | o | o | o |002| o011 [004| O |01 |005]| O
Grain | 5core 007 0 | 0 | o | o |001| 144 [003| 0 [006| O | ©
3 6rim | 004|002 001 | 0 | 0 [004|1341[007| 0 |008| O | O
Grain | 7core | 0 | 0 | 0 |001| 0 |002| 007 [003]|00L|00L| O | O
4 grim [ 006 | o | o | 0 |002|003| 018 [005| 0 |002| 0 |002
Grain | 9core | © |002| 0 |001|002]|005| 02 [012| 0 [003| 0 |001
5 | 10rim|002]| 0 |001]|00L| 0 | 0 | 008 |003| 0 |002]|006]| O
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6 | 2rim | 007 [001 [002| 0 | o [003] 225 [ 007|001 ]002] 0 | 0
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Total Values

Grain | tcore | © | 0 [ 2382 ] 0o | 0 |004| 76 | 0 |002| 0 | 10003 761
1 orim | 0 | 0 | 1089 |014| 0 [004|7892| 0 |001| 0O | 99.26 799
Grain | 3core | © | 0 [ 1473] 0o | 0 |003|8564| 0 | 0 | 0 | 100.64 853
2 arim | 0 | o | 906 | 0 | 0 | 0 |8947| 0 | 0 | 0 | 9875 908
Grain | 5core [ 001 [ 001 | 229 [005| 0 | 0 |9417| 0 | 0 | 0 | 9814 976
3 6rim | 0 | 0 | 116 [001[002| 0 |7894| 0 |006| 0O | 9386 086
Grain | 7core | © |[002| 766 [004| 0 | 0 |8421| 0 | 0 | 0 | 9208 953
4 grim | 001 | 0 | 441 [003[002| 0 |875| 0 | 0 | 0 | 9458 017
Grain | 9core | © | 004 | 17.85 | 009 | 003| 0 |7883| 0 | 0 | 0 | 97.36 908
5 |iorim| 0 | 0 |1234[002| 0 | 0 |8726| 0 |002| 0 | 99.85 744
Grain Ciie 0 |[006|2555|008| 0 |005|7413|013| 0 | 0 | 100.18 815
6 [ orim| o [ o [894a] o [oot| o [878| o | o [0 | 9923 876
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Sl 5l S goad Jom galols g ool az o Sl a3ls (pl 5 OVF-F Jouz) ol sud
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alizes aulie 51 Mo a5 Canl ol Sls A v B Fee 5l Jle gl sals onl piie polie cplp ogdle
Lice ooy e 31 a5 ol ol ks ail Soop b 4 asls opl polie ST Jg wlazs 5 Lo
ANF-VEE slanl ] Slga, ;0 W5glS (Db &ly)d sl jasls opl lade (Higgins, 2012) ol axs 5
Wgls M I3 pels ax e bl WiglS o Wb OIS YL pels Sly g aiiS so s
Lite S 5l alyd 5 wilazd 5 Lice gamly sl 5 a5 amo o Lt ol 5 005 60l (6 g e

(Higgins, 2012) &ilaxs 55 alold ol 0o
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Grade (%)
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N Py @D [+2] o
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Element contents in core and rim of Kavand gold grains

Ag
Element

W Core

—Rim

.).:5[5 6‘)”0 LgL{bAAL) ML> 3)5)‘ IO 9 o}b s éJ)y 5:9_».»: )‘09.0.)*\/\*? Jim

SorSIslS 5y Sy 4 WalS b slaails (gl alais a4y 325 s (5 ,bl sl el by -V O-F Jga

Element Count Mean Min Max StdDev
Zoned — core

Au (%) 6 82.16 74.13 84.21 7.40

Ag (%) 6 15.32 2.29 25.55 9.08

Cu (%) 6 0.02 0.01 0.03 0.02
Zoned —rim

Au (%) 6 85.36 78.92 89.75 5.07

Ag (%) 6 9.30 1.16 19.89 6.51

Cu (%) 6 0.05 0.02 0.10 0.04

MLQA ol 00l od)si e 6)LM’ ‘5>l5 6L@.~u )‘ B/Lb u‘)b LS’LM WS)J \p-% Ja..\?- ).)

s s L 1) LT cgplinn g (o035 caliee slows slodb b aigls (Mo &3 olosds oS 5

9 10 3 s 0,85 Jlade Yl o Mo Jlade Jleg ol (b sla,luilS jo aes o i Sl o)

axs o (Townley et al, 2003) el 43,8 138 anslie 390 &5 o Lt ilisee (sla Lusls

Aol oo Jboy ol g9 5l wigls dalaie o (gile SIS aS s o lis
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Deposit type Epithermal gold Porphyry gold Porphyry copper- Kavand gold,
deposit deposit gold deposit Zanjan
Copper (Cu) Low in copper 0.0-0.2wt. % 0.3-0.8wt. % 0.01 - 0.1 wt. % (0.04
(usually < 0.1 wt. %) wt. % in average)
Silver (Ag) High in silver (over Higher in silver (over | Low in silver (usually 1.16 - 25.55 wt. %
than 5.0 wt. %) than 5.0 wt. %) <5 wt. %) (12.31wt. % in
average)
Gold (Au) High in gold (over 15-8wt. % 1-6.0wt. % 74.13 - 94.17 wt. %

than 70 wt. %)

(83.76 wt. % in
average)

o 9 b 5l 8 (680 (Jlo o (b isu aw 4 AU - (Ag X10) — (Cu x 100) aslEaw loges

L b slaasges (Palacios et al. 2001, Townley et al. 2003) 545 co s Mo 51 28 (610850

Gold-rich porphyry deposit

Au

Gold-rich porphyry copper deposil

Ag*10

Cu*100

OA=F JS5) 3,5 oo )3 5l (8 (6 by LadlS 5 Jloiial (b i o i

(Palacios et al. 2001, Townley et al. 2003) Au - (Ag x10) — (Cu x 100) ail¥aw loges -VA-F &
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Kp-07 aigos 35,165 S 50 15,0 oYl slaosls — Y-V Jgax

Origin Te ("C) Tmice (*C) wit% NaCl Thv-(] 0 Shape
-3 5.07 285
-35 5.86 338
-3.5 5.86 214.
-3 5.07 255.
-3.1 5.23 208.
-3.2 5.39 261.
-3 5.07 240.
-2 3.39 385. 5 s
Primary 9 Fil aa s -0.5 0.6 330. o3aLie 0
-0.5 0.6 319. sk e
-3.5 5.86 239.
-3.2 5.39 287.
-3 5.07 280.
-3.1 5.23 235.
-2.6 4.41 212.
) 3.39 225.
-3 5.07 160.
-3 5.07 160.
Kp-05 aiges 35,155 S 50 05,0 &Yl slaools — Y-V Jgax
- . Thv-I
Origin Te ("C) Tmice ("C) wt% NacCl (0 Shape
-25 4.24 326
-2 3.39 233
-1 157 350.
-0.9 1.38 354,
-0.8 119 403. sl 4g e jbile
Primary -2} 035350 ) -0.9 1.38 305. ) m PREN
SR 4s -0.8 1.19 320. o28lha plaials
-0.8 1.19 281. 5 o
-0.9 1.38 230.
-2 3.39 226.
-3.1 5.23 322.
-1 157 250.
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n Size(um) Type  Origin Te ("C) Tmice (*C) wt% NaCl (0 Shape Host mineral

1 10 L+V -0.5 0.6 240

2 12 L+V -0.6 0.8 220

3 30 L+V -0.5 0.6 236.

4 15 L+V -0.5 0.6 265.

5 20 L+ 2L e35ma 3 05 06 gmp, | Sl e _
Primary . oS 5 S Calcite

6 10 L+V A AL an -0.7 0.99 BL 5 el

7 10 L+V -0.6 0.8 235.

8 15 L+V -0.7 0.99 106.

9 15 L+V -0.7 0.99 195.

10 15 L+V -0.5 0.6 190.
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Abstract

Kavand ore deposit is located in 35 km southwest of Zanjan and the Soltanieh subzone. The
Kahar, Doran granite, Bainder, Soltanieh, Barute, Zaygon and Lalun Formations with late
Precambrian - Early Cambrian age outcropped in this area. There is small bodies of gabbro
and ferrogabbro within Kahar, Soltanieh and Barute Formations. This Formations host iron
oxides, gold and copper, but mineralization is concentrated in the lower part of dolomite of
Soltanieh F. The dolomites are cold water dolomicrites, and based on the Ca/Mg ratio and
Na and Sr values lie in the late Precambrian- early Cambrian age. Granites are related to the
late Precambrian and their parent rocks are metagraywacke, while the gabbro and
ferrogabbro are post Oligocene and their parent rocks are amphibolite. Mineralization in the
Kavand region dividing: iron oxides (mainly oligiste), iron oxide - quartz - barite, iron
oxide - quartz - barite - gold and iron oxide - quartz - gold — copper types. The primary ore
mineral including pyrite, chalcopyrite, gold, hematite, oligiste and secondary types are
chalcocite, azurite, malachite, goethite and limonite. Quartz, barite, calcite, dolomite,
chlorite and sericite are gangue minerals. In this area are observed silicice, iron oxide,
argillic, sericitic, carbonate, chloritic and epidotic alterations. The main structure of
mineralization are lenticular, breccia, vein-veinlets and carbonate-open spaces filling, and
ore textures are breccia, vein-veinlets, disseminated, colloform, relic, frontal, spherulitic
and replacement. Based on ore geochemical data, the contents of Fe, Au and Cu are high,
and the maximum amounts of Fe, Au and Cu in the ore samples are 28.47%, 14.67 ppm,
12.83%, respectively. Multivariate statistical analyses display that high correlation of Au
with Ag, As, Cd, Cu, Zn, Sb, S, Ba and Mn. There is a negative correlation between Au and
Fe in factor analysis results, while field observations and microprobe analysis show that
association of gold whit goethite and hematite. The reason for the negative correlation of
Au and Fe is that the main iron mineralization is as oligiste. The value of Au is very low in
oligiste mineral, but huge occurrences of oligiste effect the results of multivariate analyses
and Fe is prevail in component 1 without Au. The chemical analysis of minerals by electron
microprobe method coincide whit optical mineralogy, and among goethite, oxidized pyrite
and Fe, Cu and As-bearing hydroxides have the highest Au content. Chemical analysis of
gold grains from pan-concentrated stream sediments indicate that Au and Ag values are



considerable in gold grains composition. The Comparison of gold composition with those
of various types gold mineralization demonstrate similarity of Kavand gold with epithermal
system. Fluid inclusions studies on quartz and calcite display that average temperature of
274.84 and 21.28 °C, and average salinity 3.67 and 0.76 wt% NaCl, respectively. Because
of calcite is a late hydrothermal mineral relative to quartz, hence density, pressure and
depth of ore-forming fluids are estimated based on the temperature and salinity of quartz
fluid inclusions. The ore-bearing fluid density is less than 1 (0.5-1), pressure less than 200
atmospheres and depth of mineralization is about 700 meters. Gold and associated elements
mineralization in the Kavand and adjacent areas in the Takab-Zanjan region controlled by
stratigraphy, structure and intrusive bodies. In this regard, the role of late Precambrian
volcanic-sedimentary Formations, Tertiary granitoides rocks and faults with NW-SE trend
are prominent. Comparing the characteristics of study area with various types gold
mineralization in Iran and world demonstrate the most similarity and proximity of Kavand

ore mineralization whit sedimentary rock (carbonate)-hosted epithermal system.

Keywords: gold, iron oxide, carbonate rock-hosted, epithermal, Kavand, Zanjan
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