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1-Introduction

Darbe Behesht Iron - copper deposit is located in the Dehaj-Sardoiye subzone of Urumieh-Dokhtar Magmatic
Arc (UDMA) in the Kerman region. The UDMA zone is often composed of calc-alkaline intrusive and volcanic
rocks and associated pyroclastic materials (Alimohammadi et al., 2015). Many authors discussed the tectonic
features of this volcano-plutonic belt (eg., Shahabpour, 2005, 2007). Most of the copper deposits are located in
the southern part of the arc, known as the Dehaj-Sarduiyeh arc or the Kerman copper belt (Mirzababaei et al.,
2011, 2016; Shafiei et al., 2009). This study investigates the geochemistry, tectonic position of volcanic rocks
containing Eocene Fe-Cu mineralization, paragenesis, and alteration. So we focus on the field observations,
lithology, and ore characterization of Darbe Behesht as a prominent example of the I0CG deposits in the
southern part of the Dehaj-Sardoiye belt in Iran.

2-Methodology

During field surveys, the geological and structural framework of the area was reviewed, and at the same time,
the relationship between mineralization and intrusive rocks were determined. The samples were collected from
the study area focusing on identifying some characteristics of the host rock and ore textures (13 thin sections
and 12 polished sections). Ten samples were analyzed for major elements using x-ray fluorescence (XRF) in the
Zar-Azma Laboratory, Mashhad, Iran. Ten samples were sent to the West Lab, Australian Laboratory for trace
and rare earth elements (REE) analysis using Inductively- Coupled Plasma-Mass Spectrometry (ICP-MS).

3- Result and discussion

The area is covered by Eocene volcanic rocks composed mainly of andesite, trachy-andesite, basalt, and
pyroclastic rocks (various types of tuffs and agglomerate). Based on major, trace, and REE elements, these
rocks are very similar to calc-alkaline lava with metaluminous to peraluminous nature. Enrichment of LILE
(Such as K, U, Sr, Rb, Th, Pb, and Ba) and LREE relative to HFSE (Such as Zr, Y, Ti, and Nb) and HREE, high
ratios of K,O/Rb and FeO/Mg reveal that the rocks under study were originated in an active continental margin
subduction-related tectonic setting. Volcanic rocks affected by hydrothermal fluids, which lead to the
occurrence of propylitic alteration, silicification with skarn alteration. Propylitic alteration comprises dominant
alteration in the area and is characterized by epidote, chlorite and calcite mineral assemblages. Silicification is
mainly cropped out in both adjacent to mineralized veins, and to a lesser amount, as pervasive silica. Argillic
alteration is locally present within the surface outcrops. Mineralization is mainly controlled by a system of
extensional faults and joints.

In most cases, mineralization is hosted by pyroclastic units (especially agglomerate) or in the contact between
agglomerate and andesitic rocks. The presence of granodiorite intrusive masses in the area containing large
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amounts of hydrous mafic minerals (including amphibole and less biotite) and the presence of the skarn zone
produced by magmatic fluids indicate that the mineralization event related to the injection of granodiorite
intrusive into country rocks. Magnetite and chalcopyrite are the primary ore minerals. Secondary minerals from
weathering are goethite, hematite, limonite, malachite, and azurite. The ore textures and structures are open
space-filling, disseminated, vein-veinlet, and replacement. Fluid fluxes into faults, fractures, and weaknesses of
the rock units have caused ore mineralization in the specified trends as same as normal faults systems.

4-Conclusion

According to the tectonic setting, geochemical study, and the extensional fault mechanisms, which are lucid
together extensional back-arc basin in the Dehaj-Sardoiye subzone within UDMA subduction zone. Two critical
stages could be separated for mineralization. The first one is the hypogene mineralization phase, and the other
one is the supergene phase. The first stage is accompanied by the generation of magnetite in volcanic and
pyroclastic rocks and second ones related to reduction fluids that caused copper mineralization. Based on
geology, mineralization, geochemistry data, and the presence of skarn, the mineralization mechanism of the
Darbe Behesht area is comparable with the North Semnan deposits, and we can be classified as a proximal
subclass of calc-alkaline type of IOCG deposits, e.g., skarn. Detailed studies, including fluid inclusion, electron
microprobe, and stable isotopic investigations, can be further applied to examine the type of mineralization in
the Darbe Behesht area.
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Table 1. The results of XRF analysis of volcanic rocks in the Darbe Behesht iron-copper deposit (all oxides are in Wt.%).

Rock Trachyandesite Andesite Basaltic trachyandesite
Sample DB2 | DB4 | DB6 | DB-10 | DB-12 DB-3 | DB-14 | DB-7 DB-8 | DB-16
XRF analyses (wt.%)

SiO2 51.23 56.00 67.14 53.22 54.46 60.77 52.92 49.00 51.12 49.39
Al203 21.07 24.03 16.65 17.89 22.23 16.86 21.36 21.25 2147 2253
MnO 0.1 0.15 0.14 0.18 0.10 0.11 0.14 0.18 0.12 0.12
MgO 2.92 157 1.99 3.22 1.81 217 4.32 3.12 2.27 3.34
Ca0 8.90 3.12 457 7.95 6.01 291 6.18 1157 10.09 9.54
Naz2O 2.95 5.54 5.07 6.58 2.34 6.39 5.06 3.61 3.73 5.04
K20 3.75 245 4.68 0.16 4.22 0.33 0.47 1.74 2.95 0.67
TiO; 0.86 0.93 0/76 1.04 0.74 1.08 1.24 1.26 0.95 0.89
P20s 047 0.17 041 0.17 0.49 0.18 0.18 0.30 0.44 043
L.O.I 321 3.24 371 3.45 3.21 4.4 4.1 4.32 3.79 3.43
Total 98.50 97.18 98.21 95.86 97.86 97.20 97.96 96.33 96.92 95.35

PPM vy polic plad) Cotigr 03 (e~ Ll b SlaissT sloKiw ICP-MS LT mbs -Y g
Table 2. The results of ICP-MS analysis of volcanic rocks in the Darbe Behesht iron-copper deposit (all trace elements are in ppm).

Rock Trachyandesite Andesite Basaltic trachyandesite
Sample DB-2 DB-4 | DB6 | DB-10 | DB-12 DB-3 | DB-14 | DB-7 DB-8 | DB-16
ICP-MS analyses (ppm)
Ba 378 408 490 40.1 354 27.9 53.7 24.8 314 353
Ag 0.09 0.04 0.24 0.03 0.03 0.15 0.03 0.02 0.02 0.02
Ce 53 17 67 23 47 27 18 27 59 47
Dy 3.2 3 4.8 4.4 2.8 5.6 3 55 3 4.2
Er 1.7 1.3 2.8 24 1.7 2.9 14 3 2.8 2.2
Eu 1.5 1.1 1.8 14 11 1.6 11 1.6 2 17
Gd 4.2 3.8 55 4.6 35 5.4 35 5.3 45 55
Hf <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Ho 0.69 0.57 1 0.99 0.6 1.2 0.62 1.2 1 0.93
K 31300 18900 42300 1740 5307 3340 4070 3020 4072 6020
La 28 6.9 35 9.8 23 11 7.8 11 15.2 23
Lu 0.3 0.18 0.52 0.42 0.31 0.45 0.22 0.51 0.5 0.36
Nb 54 1.7 8.4 2.6 35 4 18 4.5 3.7 34
Nd 26 13 33 16 21 19 13 19 34 26
P 1900 700 1960 1020 2070 1040 762 1090 2018 2080
Pb 15 4.4 14 2.9 14.1 3.9 4.5 6.7 15.1 16
Pr 6.7 2.6 8.6 34 5.3 4.1 2.8 4.1 8.3 6.4
Rb 62 53 90 4.1 52 9.1 8.7 7.6 24 12
Sm 4.9 3.3 6.3 4 3.8 4.7 3.3 5 6.7 5.6
Sr 1220 287 845 446 1400 207 389 251 1430 1560
Ta 0.34 0.02 0.58 0.16 0.23 0.18 0.09 0.22 0.05 0.09
Th 0.66 0.61 0.88 0.8 0.52 1.1 0.58 1 0.94 0.82
Th 8.2 15 10 12 8.1 13 1.1 1.2 7.1 6.9
Ti 5590 3570 4730 5050 5650 5100 6550 6030 5400 5930
Tm 0.32 0.22 0.55 0.45 0.29 0.53 0.27 0.54 0.47 0.41
U 2 0.52 3.1 0.47 1.8 0.42 0.47 0.47 1.2 1.7
\Y% 192 111 73 140 201 115 148 122 180 250
Y 18 14 25 25 20 33 15 35 19 21
Yb 1.7 11 2.9 2.4 1.7 2.6 1.3 2.8 2.6 2
Zr 110 94 200 99 92 150 87 160 98 81
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Fig. 3. (a) Plot of Na2O+K20 vs. SiOz, samples are located in andesite, trachyandesite and basaltic trachyandesite (Le Bas et al, 1986), (b)

Plot of Alkalies vs. SiOz, for differentiation of alkaline series and sub-alk

aline series (Irvine and Baragar, 1971), and (c) Plot of A/CNK —

AINK, samples are located in metaluminous to peraluminous (Shand, 1943).
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Fig. 6. Tectonic setting of volcanic rocks of Darbe Behesht (Muller and Groves, 1997).
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Fig. 7. () E-MORB normalized incompatible element patterns, and (b) Primitive mantle normalized incompatible element patterns;
depletion from high field strength elements like Zr, Ti, Y, Nb and Ba and K enrichment show contamination at later stage of magmatic

process with crustal materials (Harris, 1986; Chappell, 1992).
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Fig. 9. (a) Calc-silicate skarn complex consist of calcite, epidote, chlorite, garnet with magnetite, (b) Chlorite and epidote alteration in
outcrop of Darbe Behesht area (Mgt: magnetite, Ep: epidote, Cal: calcite, Grs: grossular, Chl: chlorite), mineral abbreviations according to

Whitney and Evans (2010).
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Fig. 10. (a) Photomicrograph of garnet and epidote in skarn section, (b) Photomicrograph of garnet, epidote, calcite and magnetite in the
skarn section. Mineral abbreviations according to Whitney and Evans (2010).
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Mineral abbreviations according to Whitney and Evans (2010).
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Fig. 12. Magnetite veins along with epidotization in the unit that cuts the layering the rock unit.
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Fig. 13. (a) Hematite, limonite and goethite due to weathering of magnetite, (b) Malachite and azurite that created by alteration of
chalcopyrite, (c) Transformation of magnetite to hematite during martitization, (d) Magnetite cut by pyrite and chalcopyrite (Py: pyrite; Cpy:
chalcopyrite; Mgn: magnetite; mal: malachite; az: azurite, hmt: Hematite; lim: limonite; gt: goethite). Mineral abbreviations according to
Whitney and Evans (2010).
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Fig. 14. Paragenetic sequence of mineralization at Darbe Behesht iron-copper deposit.
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Table 3. Classification of magmatic-hydrothermal iron oxide deposits and copper-gold dependent deposits (Gandhi, 2004).

Calc-alkaline magma

Iron Skarn-type

Kiruna-type

Olympic Dam-type

Cloncurry-type

Massive magnetite
garnet-pyroxene

Massive magnetite
apatite actinolite

Breccia (one or more
stages), magnetitehematite

Hydrothermal veins
& disseminations in older

Stratabound lensoid
& irregular bodies at

Tabular, pipe-like &
irregular bodies,

Pipe-like & irregular bodies,
vent or fault

Stratabound, breccia
or fault controlled

Monometallic Fe and
related FeOx-Cu-Au

Monometallic Fe
& related Cu-FeOx

Polymetallic: Fe, Cu,
Au, Ag, REE

Polymetallic: Cu, Au,
Ag, Bi, Co, W

Alteration: Sodic

Alteration: Sodic

Alteration: Potassic

Alteration: Potassic

Magnitogorsk deposit,
Russia

Kiirunavaara deposit,
Sweden

Olympic Dam deposit,
Australia

Oshorne & Starra
deposits, Australia

Alkaline-carbonatite magma

Phalaborwa-type

Bayan Obo-type

Within or marginal to intrusion

Hosted by country rock

Veins, layers, disseminations and
aggregates, late intrusive phase

Veins, layers, disseminations and
aggregates, stratabound lenses

Low Ti magnetite, apatite, olivine, phlogopite, carbonate,
fluorite, Cu sulphides, pyrite, PGE, Au,

Magnetite (replacive and/or pre

existing), hematite, bastnaesite, phlogopite, Fe-Ti-Cr-Nb

Zoning in ore; Na & Kalteration

Zoning in ore; Na & K alteration

Phalaborwa deposit, South Africa

Bayan Obo deposit, China
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Table 4. Comparison of Darbe Behesht deposit charactristics with other similar deposits in Iran.

Darbe Behesht Khosroabad Tikme dash Sangan Galali Slt\elr?wrr:gn Golgohar Deposit
56 km from 60 km 15 km 50 km
Jiroft city in 40 km northeast | 30 km sout_heast 250 km south northwest of northeast of | southwest of Location
of Songor of Tabriz of Mashhad .
Kerman Hamedan Semnan Sirjan
. South of .
Urumieh- . . Sanandaj- Structural
Dokhtar Sanandaj Northwest zone East of Iran Sanandaj A;Icl))rcl)gz Sirjan zone
. . - Eocene- Eocene- - Mineralizing
Eocene Oligo-Miocene Oligocene Oligocene Oligocene Eocene Paleozoic age
Andesite - Calcareous tuff C‘]rl;;:zselgl;s Gneiss
basaltic and Lime, basaltic | and rhyolite and | Lime, dolomite, - Andesite- >
) . - schist and : schist, Host rock
Eocene andesite Oligocene volcanic, shale - dacite Lo
- - limestone amphibolite
degradation dacite o
sericite
Small,
False streaks Lens and Lens, veinand | Lens (scattered, Lens streaked, Lavered. lens | Ore geometr
and layers amorphous massive (vein) dyke-like vered, g y
masses
. . Magnetite, .
Magnetite, Magnet_lte, Hemqtlte, (hematite, Magneylte, Magnetite,
. (hematite, pyrite, . . hematite, .
hematite, - - . pyrite) Magnetite, . pyrrhotite, .
. limonite), chalcopyrite, 0 . pyrite, . Paragenesis
chalcopyrite, . diopside, (pyrite) phlogopite,
. garnet, epidote, garnet, . garnet, .
garnet, epidote 0 . amphibole, L forsterite
diopside clinopyroxene diopside
garnet
Epidotization, .
Chloritization, chloritization, . . EP'dOte‘
R L Epidotization L s Epidote, siliceous, .
silisification, argillic, - Hematitization Hematitization - - Alteration
A A pyroxenization argillic chlorite,
epidotization hematitization .
serpentine
Granodiorite Granite Gabbrodiorite Gabbro, (.j'ome' D|or|_te,_ Monzonite Diorite Intrusive
granite granodiorite mass
Lithology and Lithology and Lithology and .
structural Lithology Lithology structural structural structural Lithology Controlling
factors factors
factors factors factors
Current stud Motevalli Karimzade et | Jafarzadeh etal. | Jafarzadeh et al. Jafz;rt'z;ildeh Hallaji References
y (2005) al. (2002) (1995) (1995) (1995) (1992)
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Fig. 15. Schematic model drawing of the possible tectonic setting for Fe-Cu mineralization in the Darbe Behesht deposit.
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