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Fig. 1. Position of the Qale-Kham ore deposit on the tectonic map of Iran (modified after Ramezani and Tucker, 2003)
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Fig. 2. Geological map of S and SW Sirjan, Based on compilation from Aster satellite image, field survey and
geological map of 1:100,000 Baghat (Sabzehei et al., 1996).
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Fig. 4. Photomicrographs of lithological units at the Qale-Kham ore deposit, A: Photomicrograph of Chlorite and
Muscovite, B: Photomicrograph of chlorite, epidote, sericite, rutile and tourmaline with foliation, C: Marginal
replacement of andalusite porphyroblast by fine grain muscovite, D: Concentration of opaque minerals in along
schistosity, E: Carbonate crystals with granoblastic texture, and F: Grain boundaries of smooth, curve and flat in
marbles (Ms: Muscovite, Cal: Calcite, Op: Opaque, Tur: Tourmaline, Rt: Rutile, Ep: Epidote, Ser: Sericite, And:
Andalusite). Abbreviations after Kretz (1983)
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Fig. 5. Photo showing the Qale-Kham meta-bauxite ore deposits in the marble (PZmrb) and schist (PZsch) units
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Fig. 7. A and B: Photo showing the Qale-Kham meta-bauxite lenses in the karstic depressions, C: Deformation in meta-
bauxite lens, and D: Hand sample of bauxite ore containing of Pisolitic texture in the Qale-Kham meta- bauxite ore

deposit
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Fig. 8. Photomicrographs of different texture at the Qale-Kham ore deposit, A: Stylolite Surface and aggregation of
opaque minerals in along it, B: Deformation in the form of tention texture, and C: Boudinage (Op = Opaque, Cal =

Calcite, Mag = Magnetite). Abbreviation after Kretz (1983)
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Fig. 9. A and B: Photomicrographs of Corundum mineral at the Qale-Kham ore deposit (Crn: Corundum). Abbreviation

after Kretz (1983)
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QS-M7 Corundum (43-1484) Diaspore (05-0355) Rutile (21-1276)
Az: 4698-20695 AI203 AIO(OH) TiO2 /
Magnetite (19-0628) Chiorite  (29-0701) Albite  (09-0457) ?
Date - FeFe204 (Mg, Fe)B(SLAIMO10(0H)E (Na,Ca)(Si.AIMO8 *
07/14/2014 v
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Fig. 10. XRD spectra of bauxite sample of QS-M7 from the Qale-Kham ore deposit
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Table 1. Results of XRD analyses at the Qale-Kham ore deposit
Num. Sa;;:) ple Major Phase Minor Phase Trace Phase
. . .. Chlorite,
1 QS-M5  Calcite, Magnesiochloritoid Muscovite-Illite Quartz
) QS-M6 Chlorite, MuSF:OVlte-Hllte Hemat.lte, Rutllq, i
Calcite Magnetite, Geothite
Corundum, Magnetite Diaspore, Chlorite, . .
3 QS-M7 Hematite Muscovite-Illite, [lmenite Rutile, Albite
. Magnetite, Chlorite, Diaspore, Ilmenite,
4 QS-M8 Corundum, Margarite Muscovite-Illite Calcite Rutile
Hematite, Diaspore,
> QS-M9 Corundum Chlorite, Ilmenite )
. Chloritoid, Chlorite
6 QS-M10 Margarite . Anatase -
Hematite,Chlorite,
7 QS-M11 Corundum Chloritoid, Muscovite- -

Illite




OhlSen 5 gl

raf

03,5 ol Golp (IS 5 sba Lleus S5 SLL sl
S35l gladnlp b bospH sEh Ll s AL
aig 5> LS IS, e (Karadage et al., 2009) -l
23 (Sohm Ol i 3 516505 6l o saall oS
s 53 SIS ol .l gl o S8 LS5 5 e ol e

sl 0aT 35 4y onS g SilS” S5 5

A G (5 2aS ol )1y (S5 Sladig 5o Sl
el 558 55 Jte el pe aSCl S 6l J555 5 LT
(Poosti et al., 545 odisl S5 53 4 Cand OT 5L 350 sl
g 3 Lkl SIS ey slie st LSS5 2011)
S oS5l o Al ] A Ol e [y S
o )lgzr 53 esaald HLlS > T glad STy s

555 B33l (LT Sajlsn) ljasls

Mineral

UON)RZI[BIUTA]

sisauageI(q

Regional Metamorphism | Oxidation/

and deformation supergene

enrichment

Kaolinite/clay minerals

Diaspore

Anatase

Ilmenite

Hematite

Geothite

Magnetite

Quratz

Pyrite

Corundum

Chloritoid

—— o mm o s mm mm m—

Rutile

Sericite

Calcite

pandd LS egee Sihl gy Soled jloges Gigles N JS&
Fig. 11. Schematic diagram showing generalized paragenetic sequence of the Qale-Kham ore deposit
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Table 2. Major (wt.%) elements data of the Qale-Kham ore deposit

S?\I“(‘{'e Si0O, TiO; ALO; Fe,03 MnO  MgO CaO Na,0 K,0  P,0s LOI
10345 1473 231 477 3454 0.02 09 144 024 022 037 4.55
10346 338 555 5646 21.02 002 027 154 003 001 001 2.83
10347 13.6 416 4201 2326 003 063 148 032 126  0.09 3.13
10351 571 513 5512 2081 002 027 157 007 034 004 1.93
10352 774 522 4972 1846  0.03 073 386 004 037  0.02 5.84
10353 1459 453 432 2099 003 087 136 015 063  0.06 4.52
10354 337 522 5673 2202 003 027 058 001 001 001 2.41
10355 539 512 5832 1773 0.04 053 166 001 014  0.06 3.86
10356 1192 487 5268 1663 002 035 1.8 035 0.5 0.11 3.52
92zK1127 1514 485 4281 2089 005 067 047 023 078  0.04 5.03
927K0969  13.55 446 4296 1509 014 172 554 026 08  0.09 8.78

1. Camizalani
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Fig. 13. A: The Fe;0Os—Al,03-Si0; triangular diagram showing the mineralogical classification of the bauxite ores in
the Qale-Kham area (Aleva, 1994), and B: Position of Qale-Kham ore deposit samples on the Fe,03;—Al,03—SiO;
triangular diagram (Mutakyahwa et al. 2003)
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Fig. 14. The Al,05-Si0,-Fe;0; triangular diagram of bauxites showing degree of lateritization at Qale-Kham ore
deposit (Schellmann, 1982)
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Fig. 15. Palacogeographical model of continental mass distribution during Cambrian times (based on the map of
Scotese and McKerrow, 1991 modified by “Ghavidel-syooki and Vecoli, 2008 according to further data from
Williams, 1997; Moczydlowska, 1997; Cocks and Torsvik, 2005)) showing position of study area (star).
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Introduction

Bauxite deposits in Iran are dominantly hosted by
Late Triassic-Early Jurassic sequences in the
Alborz zone and Late Cretaceous in the Zagros
zone (e.g., Zarasvandi et al, 2008).
Metamorphosed bauxite deposits in Iran are very
rare, such as Heidarabad corundum-rich deposit
(Emamali-pour, and Mirmohammadi, 2011). The
Qale-Kham ore deposit is the first report of
bauxite mineralization in the Early Paleozoic
sequences of Sanandaj- Sirjan zone. In
southeastern Sirjan (Qale-Kham area), karstic
pockets  of  Late-Cambrian  metabauxites
embedded in carbonate rocks. The corundum-rich
metabauxites are very rare in the world. Bauxite
deposits can be classified into three main groups:
lateritic, sedimentary and karstic-types. The
karstic bauxite deposits have formed on the
paleokarstic surface of carbonates (Bardossy,
1982; Bardossy and Aleva, 1990; Bogatyrev et al.,
2009). The aim of this paper is to discuss genesis
of the Qale-Kham bauxite deposit based on
geological, petrographic, mineralogical and
geochemical evidences.

Materials and Methods

A number of 95 samples were collected from the
bauxite lenses in the Qale-Kham ore deposit.
Optical ~ microscopic  investigations  were
conducted on 40 thin sections, 35 thin-polished
sections and 20 polished sections of the samples
using a Zeiss optical microscope equipped at the

Shahrood University of Technology.
Mineralogical analyses were done by X-ray
diffractometer equipped with a CuKa tube and
monochrometer (XRD Philips PW 1800) at the
Kansaran Binaloud Company. The concentration
of the major elements in the samples was
determined using a  wavelength  X-ray
fluorescence spectrometer (XRF Philips PW
1480) at the Kansaran Binaloud Company.

Discussion

In the Qale-Kham area, the rock units consist of
amphibolite, mica schist, chlorite schist, epidotic
schist and marble. The ores are mainly massive;
however, pisolitic texture was observed in the
deposit. Detailed mineralogical analyses of the
Qale-Kham metabauxite deposit have been
performed by optical microscopy and X-ray
diffraction (XRD) studies. XRD results show that
ore at the metabauxite deposits is composed of
corundum, diaspore, chloritoid, opaque minerals
(magnetite, hematite, ilmenite, and rutile), white
mica (margarite, muscovite), goethite and
limonite.

Mineralogy of ores (such as corundum) and
textures are representative of the impact of a
metamorphic event on bauxite ores. This
metamorphism and deformation has created
structures, textures and formation of new minerals
such as corundum and magnetite in the Qale-
Kham ore deposit. The ores are mainly composed
of ALOs (25-58%), Si0, (3—-15%), FeO; (15—
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34%) and TiO, (2-5%). Alkalis and alkali earth
elements show low values, probably because these
elements are highly mobile and have usually
leached out during chemical weathering (Gu et al.,
2013).

The triangular variation diagrams of ALO3—SiO,—
Fe;Os3 are commonly used to show the degree of
lateritization, mineral control and bauxite
classification. Based on the mineralogical
classification of Aleva (1994), most of the bauxite
samples in the studied areas fall within the bauxite
and ferritic bauxite fields. The chemical
composition of corundum-rich metabauxites in
Qale-Kham is nearly similar to those of other
karst bauxite and karstic metabauxite such as
corundum-rich metabauxites of the Menderes
Massif (e.g., Ozli, 1983). They show generally
strong enrichment in ALOs;, Fe,Os; and strong
depletion in K;O, Na,O contents. Overal, the
studied corundum-rich metabauxites at Qale-
Kham can be classified as karstbauxites based
upon their geological, mineralogical and
geochemical characteristics.

Results

Corundum-rich metabauxite of Qale-Kham in the
best outcrop is located at the SE Sirjan town. The
metabauxite  formed in  the  Paleozoic
metamporphosed carbonate sequences of the
South Sanandaj-Sirjan zone as karst-type deposits.
Based on petrological and X-ray studies, the Qale-
Kham ores consist of corundum, diaspore,
chloritoid, opaque minerals (magnetite, hematite,
ilmenite and rutile), white mica (margarite and
muscovite), goethite and limonite.

These studies suggest that the Qale-Kham ore
deposit has been formed under suitable climatic
conditions in the late Cambrian. This deposit has
been metamorphesd and deformed due to the
effect of early Cimmerian orogenic movements.
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