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Fig. 1. Geographical and geological setting of the Koodakan 2 prospecting area (Tarkian et al., 1983)
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Fig .2. Geological map of Koodakan 2 area in 1:5000 scale
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(Whitney and Evans, 2010)

Fig. 3. Microscope image of A: Andesite- basalt, B: Andesite, C: Granodiorite unit, and D: diorite porphyry unit of
Koodakan 2 area (all images are in XPL). Cpx: clinopyroxen, Kfs: alkali feldspar, Pl: plagioclase, Qz: quartz.

Abbreviations after Whitney and Evans (2010)
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Fig. 4. Outcrops of diorite porphyry dikes intruded in agglomerate units in Koodakan 2 area (looking west)
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Fig. 6. The surface outcrop of the quartz + specularite + chalcopyrite + galena =+ pyrite vein in Koodakan2 prospecting

area (looking southeast)
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Fig. 7. Paragenetic sequence for the Cu, Pb and Zn ore minerals in type-1 veins of Koodakan 2 area
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Fig. 8. Mineralization in veins of Koodakan 2 area. Microscopic images of A: Chalcopyrite replaced by chalcocite, B:
Galena replaced by cerrusite, C: Malachite, and D: Goethite
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Fig. 9. Field observation of weathering and alteration of hypogene minerals to A: Secondary Fe oxide (limonite), and B:
Malachite in Koodakan 2 area
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Table 1. Selected samples from the veins for the analysis by ICP-MS method of Koodakan 2 area

S.No X (UTM) Y(UTM) Vein type Vein No.
G-10 685642 3523821 Quartz+malachite+galena +Fe oxide vein 1
Ks-24 686050 3523453 Quartz+malachite+ Fe oxide vein 1
Ks-42 682318 3528862 Quartz+malachite+ Fe oxide vein 1
Ks-44 681859 3528703 Silicified-Fe oxide vein 2
Ks-51 686135 3221681 Quartz+malachitetgalena +Fe oxide vein 1
Ks-53 685724 3522122 Quartz+ specularite+chalcopyrite+galena+pyrite vein 1
Ks-58 685899 3523591 Silicified-Fe oxide vein 2
234-H 685829 3523199 Quartz+malachite+ Fe oxide vein 1
239-H 685253 3522954 Quartz+malachite+ Fe oxide vein 1
248-H 685482 3522635 Quartz+malachitetgalena +Fe oxide vein 1

o ol 3 4 polic den l5e) ¥ 5058 dilaie jo alisie sladd ) lgil 5l saniiils p sladiges olaardssy slaosls ol ¥ Jaus

(Sl ool | ppm

Table 2. Result of geochemical data from samples collected from different vein types of Koodakan 2 area (the content

of all elements are given by ppm except for Fe).

S.NO X Y Cu Zn Pb As Sb Ag f/i Cd Mo
D.L 1 1 1 0.5 05 0.1 1 0.1 0.5
G10 3523821 685642 1014 634 1149 59 362 1.4 237 0.7 2.77
Ks24 3523453 686050 75 1830 3128 57 76 0.6 4.57 222 8.1
Ks42 3528862 682318 9386 105 10 214 095 110 2.07 0.9 0.79

Ks44 3528703 681859 56 25 7 94 158 19 557 0.2 0.77

Ks51 3221681 686135 6567 26549 4248 19 1.87 6.7 255 19.3 14.7

Ks53 3522122 685724 1095 38809 >3% 9.9 26 26 093 16.6 3.22

Ks58 3523591 685899 336 150 92 60 46 39 293 0.9 6.7

234H 3523199 685829 372 52948 >3% 5.8 49 54 3.40 74.4 2.23

239H 3522954 685253 9928 3233

17034 54 173 0.6 4.36 11.2 71.1

248H 3522635 685482 5928 1092

20741

424 1559 37 299 264 3875

D.L.: Detection limit
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Fig. 12. Distribution map of A: Cu, B: Pb, C: Zn elements in the Koodakan 2 area
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Fig. 11. Content of A: Cu, B: Pb and C: Zn from different vein types of Koodakan 2 area
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Table 3. Comparison of different characteristics in Koodakan 2 prospect area with different types of epithermal
deposits (Sillitoe and Hedenquist, 2003; Hedenquist et al., 2004; Gemmell, 2004) and Iron oxide copper gold deposit
type (IOCG) (Vidla et al., 1990; Hitzman et al., 1992; Barton et al., 2000; Marschik et al., 2000; Marschik and
Fontboté, 2001; Corriveau, 2007; Groves et al., 2010; Karimpour et al., 2012) and Qhaleh-Zari mine (Karimpour, 2005;

Karimpour et al., 2005)

Type of Koodakan Low Intermediate High
Qhaleh-Zari 10CG
mineralization 2 area sulfidation sulfidation sulfidation
In Au-cu Fe
oxides
Oxidized . . . o
xidize oxidized (calc high oxidation L oxidized
magama . ) . Oxidized
. alkaline) (calc alkaline) Sub-alkaline magma
Characteristic (Calc . magma
. magma magma Alkaline . Reduced
alkaline) (calc alkaline)
In Au-Te-Pb-Zn- magma
Cu with alkaline
magma
In Au-cu Fe
oxides with
high oxidation
magma (calc
. i 1 . Ikali i 1 .
Tectonic Contmel.lta Continental aka me.) Contn.lenta Continental
. volcanic . accompanied volcanic arcs Island arc .
setting volcanic arcs o volcanic arcs
arcs with island arcs and Island arc
and in alkaline
magmas along
with deeper part
of mantle
In contact
between . Basalt to
Andesite- . . . .
agglomerate Diorite- gabbro rhyolite Andesite- Andesite-
Host rock Basalt and . . . .
and Shale diorite Alkali basalt- Rhyolite Rhyolite
andesite trachyte
units
Chlorite- Chlorite- 811.101ﬁed- . . .. A?ufnte-
. . . potassic- chlorite-  Illite- sericite- o silicified-
Alteration epidote epidote .. . Sericitic ..
sericite- adularia propylitic-
carbonate illite
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Table 3 (Continued). Comparison of different characteristics in Koodakan 2 prospect area with different types of
epithermal deposits (Sillitoe and Hedenquist, 2003; Hedenquist et al., 2004; Gemmell, 2004) and Iron oxide copper
gold deposit type (IOCG) (Vidla et al., 1990; Hitzman et al., 1992; Barton et al., 2000; Marschik et al., 2000; Marschik

and Fontboté, 2001; Corriveau, 2007; Groves et al., 2010; Karimpour et al., 2012) and Qhaleh-Zari mine (Karimpour,
2005; Karimpour et al., 2005)

. Arsenopyrite, .
. Specul‘arlte, Specularite, pyrrhotite, Sphalerite, Enargite,
Specularite, pyrite, . . galena, .
. . chalcopyrite, sphalerite . famantite,
Sulfide chalcopyrite, chalcopyrite, . tetrahedrite, .
. . . magnetite, galena, . Acantbhite,
minerals galena, pyrite sphalerite . . tennantite, o
pyrite tetrahedrite, . stibnite
galena, . chalcopyrite
tennantite,
sulfosalt .
chalcopyrite
. Au, Ag, Zn, Au, Ag,
Basic metals Cu, Au Cu, Au, Ag Au,Cu Au+Ag Pb, Cu Cu, As, Sb,
Accessor Zn, Pb, Zn, Pb, Cu, Zn, Pb,Bi,
y Zn, Pb Zn,Pb,Fe,Bi Mo,AgtREE Mo, As, Sb, Mo, As,Sb W, Mo,Sn,
metals
Hg Hg
Fluid's
temperature 100-300 250-375 200-400 150-300 200-300 200-300
§®)
Salinity
(equivalent 3-10
Wt.% Na 0.2-9.17 1-5.5 1-15 - 0-23 24
Cl)
Y o sS dilaie o SlassT slags s sl conbin (solping Ll F Jgus
Table 4. Suggested locations for borehole drilling of Koodakan 2 area
Vein X Y (UTM) Vein Direction Di Width (m) Azimuth
No. (UTM) ein type ectio ip i m zimu
1 686120 3521696 ~ Quartztmalachitergalena +fe Nnow  ONE g5 290
oxide vein
2 686946 3523552 Quartz+malachite+ Fe oxide vein N85SW 65-85NE 1-2 275
3 685008 3522958.9  Quartz+malachitet Fe oxide vein N45W SONE 0.2-0.5 315
4 685482 3520634  Quartztmalachitetgalena + Fe E-W 90 15 90
oxide vein
5 685869 3523171 Quartz+malachite+ Fe oxide vein N85SW 70 NE 5 265
6 685462 3523160  Quartz+malachitet Fe oxide vein E-W 80N 0.4-0.5 90
7 684511 3523774 Silicified- Fe oxide vein NSOW 80 NE 0.4-0.5 260
8 684575 3523343 Silicified- Fe oxide vein N75W 65-80NE 0.5 255
9 686378 3521539 Quartz+specularite vein N8OW 85-90NE 0.5-1 260
10 685253 3522954 Quartz+malachite+ Fe oxide vein N75W 70-90 NE 1 255
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Introduction

The study area is located in 180 kilometers at the
South of the city of Birjand and at 4 kilometers
North of the Qhaleh-Zari mine, within the Central
Lut Block. According to Stocklin and Nabavi
(1973), the Lut Block (Eastern Iran) extends over
900 km in a north-south trend and is 200 km wide
in an East-West direction. It is confined by the
Nayband fault and the Tabas Block on the west,
Nehbandan Fault in the east, Doruneh Fault in the
north, and the Jaz- Morian Basin in the south.

The sixty- five percent of the exposed rocks
within the Lut Block consist of volcanic and
plutonic rocks (Karimpour et al, 2011). The
extensive magmatism of the area has resulted
from the west-dipping subduction of the Lut
Block zone (Karimpour et. al., 2005). The
Koodakan area is located in the north of the
Qhaleh-Zari mine, and in fact, it is comprised of
the continuation of Qhaleh-Zari mineralization
type. In the study area, rock units include Tertiary
volcanic, intrusive, subvolcanic, and pyroclastic
rocks.

Analytical techniques

The samples were collected from the study area
focusing on the vein mineralization for preparing
geology, mineralization and geochemistry maps.
In addition, the dip and direction of the faults
were measured for preparing structural map.

Ten samples were analyzed for thirty six elements
using  Inductively-  Coupled  Plasma-Mass
spectrometry (ICP-MS) in the Zar- Azma
Laboratory, Mashhad, Iran.

Results

Petrographically, the rocks in the area consist of
granodiorite, dioritic dikes, andesite and andesite-
basalt. The volcanic rocks have extended
throughout the study area and are mainly affected
by wvarious intensities of propylitic and/or
carbonate alterations. The volcanic rocks are
mainly andesitic in composition. Based on field
observations and microscopic evidence, volcanic
rocks can be subdivided into andesite, hornblende
andesite, andesite- basalt and pyroxene andesite.
Diorite porphyrtic dikes swarms are the youngest
units in the area, and are not related to
mineralization.

Propylitic  alteration = comprises  dominant
alteration in the Koodakan 2 area and is
characterized by epidote, chlorite and calcite
mineral assemblages. Argillic alteration is locally
present within the surface outcrops. Silicification
is mainly cropped out in both adjacent to
mineralized veins, and to a lesser amount, as
pervasive silica.

Mineralization is mainly controlled by a system of
faults and joints. Three trends of faults are
identified in the area including the a) NW-SE. b)
NE-SW. ¢) E-W. The NE-SW trending
mineralized veins represent a northeast dip
ranging from 60- 70, and a width between 5 cm to
3 meters. In most cases, mineralization is hosted
by pyroclastic units (especially agglomerate) or in
the contact between agglomerate and andesitic
rocks.

At least three styles of veins were identified in the
areca. These are 1) quartz+ specularite+
chalcopyrite + galena =+ pyrite veins. The

*Corresponding authors Email: s.zirjanizadeh@gonabad.ac.ir
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thickness of these veins varies from 2 cm to >1 m.
The type 1 displays a dominant NW-SE strike.
Quartz comprises of the most common mineral
assemblage within the three types of veins
forming uhedral to subhedral crystals with 1-10
cm long. Sulfide mineral dominantly includes
chalcopyrite which is weathered to chalcocite at
margins- together with galena, and pyrite. 2)
quartz+ Fe oxides (limonite) veins range in
thickness between 20 cm-1 m, and their ore
mineral contents are not as important as types. 3)
The NW-SE trending late carbonate veins mainly
occurred in northern parts of the study area. These
veins do not contain any ore minerals.

Based on lithogeochemical studies, the
concentration of Cu in mineralized veins ranges
from 75-9928 ppm. The highest grade of Cu is
related to quartz + malachite = Fe oxide veins, and
the lowest grade is related to silicified- Fe oxide
veins. The geochemical abundances of Pb are
similar to that of Cu and mainly vary from 7ppm
to >3%.Highest concentrations of Zn are
consistent with type 1 veins, and range from 25-
109285 ppm. Arsenic represents a widespread
distribution of halos in the studied veins and its
content varies between 5 and 424 ppm. Based on

geology, mineralization, and geochemistry data,
mineralization of the Koodakan 2 area is
comparable with the veins in the Qaleh- Zari
deposit and can be classified as IOCG deposit
type. Detailed studies including the fluid
inclusion, electron microprobe, and stable isotopic
investigations can be further applied to examine
the type of mineralization in the Koodakan 2 area.
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