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Abstract 

Bafq metallogenic province is located in central Iran about 115 Km Southeast of the Yazd city. This metallogenic 

province is a narrow paleorift extending northward from south of Bafq to Robat- Posht– Badam and suggested 

age of 750 – 540 Ma for it. There is an alkaline - calc-alkaline bimodal composition at these environments. 

Contrary, alkaline-sub alkaline bimodal suites occur in anorogenic continental rift settings. The Se–Chahun Iron 

Ore mine is containing two major groups of ore bodies called the X and XI anomalies. Volcanic rocks are rhyolite 

and rhyodacite in composition and the sedimentary rocks are mainly dolomite. These ore bodies are commonly 

associated with pervasively altered rhyolitic tuffs and sandstones. One of the important volcanic rocks in the 

study area is rhyolite rocks and are host rocks for Iron mineralization These rocks have a Porphyry texture with 

micro granular mesostasis. phenocrysts of this rock are quartz and plagioclase. Quartzs are anhedral to subhedral 

shapes and plagioclases are albite to oligoclase. The properties of these minerals can be mention to albite- 

pericline and albite-carlsbad twinning. These minerals developed to clay mineral, sericite, chlorite and calcite. 

Rhyolite mesostasis are containing fine grain quartz and microlitic plagioclase that developed to clay minerals. 

Accessory minerals in these rocks are opac mineral, calcite and chlorite. In the distinguish diagrams, rhyolite 

rocks are plotted in the calc-alkaline area. Chemical properties of rhyolites are approaching to I-type. Separation 

of tectonic environment proposed a range of within plate rocks (WPG) and within place volcanic zone for rhyolite 

rocks. 
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Introduction 

Most of the world iron ore production is from banded 

iron formations (BIF), magnetite-apatite deposits 

(“Kiruna-type”). An iron oxide copper–gold (IOCG) 

study widely for the Bafq district deposits (Barton and 

Johnson, 1996; Williams et al., 2005; Jami et al., 

2007; Torab and Lehmann, 2007; Daliran, 2002; 

Bonyadi, 2010; Stosch et al., 2011).The Bafq mining 

district is in the Early Cambrian Kashmar-Kerman 

volcano-plutonic arc in Central Iran and hosts 

important “Kiruna-type” magnetite-apatite deposits 

(Torab, 2008). 

 

The Posht-e-Badam Block is a metallogenic/ tectonic 

province of Infracambrian age, that is located in 

central Iran about 115 Km Southeast of the Yazd city 

(55° 15´- 55° 45΄E, 31° 30΄- 32° 30΄N). There are 

several known iron – phosphate, phosphate, Th-U 

and Pb-Zn deposits in the region (Fig. 1). Recently, 

the occurrence of Cu-Au mineralization (probably 

porphyry in origin) is also reported (Moghtaderi, 

2013). According to Forster and Jafarzadeh (1994) 

and Daliran (2002) Bafq metallogenic province is a 

narrow paleorift extending northward from south of 

Bafq to Robat- Posht– Badam.  

 

 

Fig. 1. Simplified geological map of the Bafq mining 

district and location Se-Chahun  ore deposits and 

igneous rocks (Modified from Torab, 2008). 

 

The age of the paleorift is suggested to be 750 – 540 

Ma. New U-Pb ages and geochemical data from 

magmatic, metamorphic and silisiclastic rocks of the 

Saqand-Bafq area (Ramazani and Tucker 2003). 

reveal three main episodes of orogenic activity in the 

late Neoprotrozoic- Early Cambrian, Late Triassic and 

Eocene. It is believed that, iron metallogeny occurred 

in the Early Cambrian (554-531.4 Ma ages). 

Paleontological evidence also supports a Lower 

Cambrian age for host rocks at Chadormalu iron 

oxide deposit (Hamdi, 1995). The association of Bafq 

iron deposits with nonorogenic magmatism, 

continental margin or lacustrine halite facies 

evaporites, and lithological and mineralogical 

similarity with the red sea aborted rift deposits 

(Hitzman, 2000), indicate that Bafq iron deposits 

belong to an ancient failed rift (Moghtaderi, 2013). 

 

An important component of this is the Cambrian 

Volcanosedimentary Unit (Ramezani, 1997), 

composed of dolomite, limestone, sandstone, shale 

and bimodal volcanic rocks. Within this sequence, 

Samani (1993, 1988) recognized the Saghand 

Formation and the Rizu to Dezu Series. The 

volcanism has a predominantly felsic character 

(rhyolitic to rhyodacitic) with subordinate amounts of 

andesites and is associated with spilitic basalts,rare 

undersaturated volcanic rocks of nephelinitic to 

basanitic composition, small mafic intrusive bodies 

and late diabase dike swarms, both with alkalic 

character (Ramazani and Tucker 2003). 

 

The ore bodies of Posht-e-Badam Block are hosted by 

a lower Cambrian volcano-sedimentary sequence 

(also known as Saghand Formation) composed of 

lavas, pyroclastic, epiclesis rocks, intercalated 

carbonates, associated with number of mafic and 

felsic intrusions (Jami 2005; Torab 2010). Volcanic 

rocks are rhyolite and rhyodacite in composition and 

the sedimentary rocks are mainly dolomite. These ore 

bodies are commonly associated with pervasively 

altered rhyolitic tuffs and sandstones. 

 

The Se-Chahun Iron Ore mine is containing two 

major groups of ore bodies called the X and XI 

anomalies (NISCO, 1975). Anomaly XI located 3250 

m northeast of Anomaly X. Anomaly XI has been 

explored by geophysical methods and extensive 
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drilling. The deposit is divided into two parts (north 

and south orebodies) with a total reserve of about 140 

Mt low-grade iron ore with an average grade of 36% 

Fe (Torab, 2008). Although the massive magnetite-

actinolite ore in Anomaly X has a higher grade, up to 

67% Fe (Bonyadi, 2010).  

 

Rhyolite is host rock in this mine, therefore are 

important in the study area. The aim of this paper is 

study mineralogy, petrology, geochemistry and type 

of rhyolite rocks in the Se-Chahun district. For 

determine rock groups and magma series. 

 

Research Methodology  

The area under study  

Igneous rocks are spread in Central Iran. They divide 

to plutonic and volcanics of Late Precambrian, 

Infracambrian (recently Cambrian), Mesozoic and 

Tertiary age. The range of volcanic rocks is acid to 

basic. This group rocks contain rhyolite, dacite, 

andesite, basalt and other faceis such as lavas, tuffs, 

ignimbrites and volcanic detrital rocks (Haghipour et 

al.,1 977).  

 

Research method 

Our research includes two parts: field work and 

laboratory investigations. Field work includes 

sampling from rhyolite core and rocks for analyzing 

REEs. In the course 30 thin section preparation and 

was studied with petrographic polarizing microscope. 

Some of the fresh rocks selected for ICP-MS and XRF 

analysis. The analyses were made in Acme Laboratory 

in Canada. 

 

Results and discussion 

Upper Precambrian- Lower Cambrian volcanic rocks 

in Bafq region are calc alkaline. In the absence of 

distinguishable contact between Late-Precambrian 

volcanic evaporate deposits and Early-Cambrian 

formations Samani (1988), proposed an intra-

continental rift facies (Saqand Formation), 

comprising five members with different lithologies 

and bimodal volcanism. Momenzadeh (1987) and 

Feiznia (1993) volcanic activity introduced ions and 

volatile components in an early rift basin and 

evaporate deposition occurred during an early to 

intermediate rifting stage.  

 

The alkaline-sub alkaline volcanism occurred at a 

later stage. According to Moore and Modabberi 

(2002) also proposed bimodal volcanism and 

immature nonmarine clastic sediments in an 

anorogenic continental rift. Emami (2014), proposed 

a within plate magmasim at the Se-chahun area. 

nonorogenic continental rift environment associated 

with tholeiitic, alkaline-subalkaline or undersaturated 

-saturated or bimodal volcanism; and enrichment 

LREE. There is an alkaline - calc-alkaline bimodal 

composition at these environments. Contrary, 

alkaline-sub alkaline bimodal suites occur in 

anorogenic continental rift settings. Volcanic bodies 

contain rhyolite rocks. The characteristics of some of 

the more important volcanic rocks in the Se-Chahun 

mining district are described here. 

 

Petrographic 

Fresh and unaltered rhyolite is not found in outcrop 

of Se-Chahun mine and rhyolite samples were taken 

from drill core (Fig. 2). Ore mineral in rhyolite rocks 

are well shown because rhyolites are host rocks for 

Iron mineralization. In the thin section this rocks 

have a Porphyry texture with micro granular 

mesostasis. phenocrysts of this rock are quartz and 

plagioclase. Quartzs are anhedral to subhedral shapes 

and have average size 650 μm (Fig. 3).  

 

Plagioclase is euhedral to subhedral shapes. The size 

of these minerals is 760 μm. Based on the refractive 

index of the optical properties and composition of the 

plagioclase is albite to oligoclase. The properties of 

these minerals can be mention to albite- pericline and 

albite-carlsbad twinning (Fig. 4). In some cases, 

plagioclases are strongly altered, so in these cases, is 

not possible to identify macles. These minerals 

developed to clay mineral, sericite, chlorite and 

calcite. 

https://www.google.com/search?client=opera&biw=1366&bih=660&q=mesostasis&spell=1&sa=X&ei=Dg56VKySLIabgwSkooGYDg&ved=0CBoQvwUoAA
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Fig. 2. Hand sample of  rhyolite core. 

 

 

Fig. 3. Photmicrographs of quartz phenocryst in Se-

Chahun  rhyolites, (A, XPL and B, PPL). 

 

 

Fig. 4. Photmicrographs of plagioclase phenocryst in 

rhyolite rocks (A, XPL and B, PPL). 

 

Rhyolite mesostasis are containing fine grain quartz 

and microlitic plagioclase that developed to clay 

minerals. Accessory minerals in these rocks are opac 

mineral, calcite and chlorite. Opac minerals with low 

frequency are anhedral to subhedral shapes and have 

average size 720 μm. Calcite has been shaped in 

anhedral to subhedral shapes and in some cases 

associated with chlorite and quartz veins. Chlorite has 

formed in the mesostasis (Fig. 5). 

 

In this rocks silica metasomatism with a large spread 

occurred and low albite metasomatism observed. In 

some cases Quartz veins are with calcite and chlorite. 

 

Fig. 5. Photmicrographs of Quartz veins with calcite 

in Se-Chahun rhyolites. 

 

Geochemistry 

Geochemical classification 

The result of major and trace element analysis of 

rhyolite samples are listed in Table 1 and 2. Le Bas et 

al. (1986) and Winchester. & Floyd (1977) diagram 

distinguish various series of tholeiitic, calc-alkaline 

and alkaline. Sample rocks are plotted in rhyolite and 

dacite rocks and show tholeiitic and calc-alkaline 

series (Fig. 6 and 7). In the AFM plot (Irvine & 

Baragar, 1971) that distinguish between calc-alkaline 

and tholeiitic series, that rhyolite rocks are plotted in 

the calc-alkaline area (Fig. 8). 

 

Table 1. The result of major and trace element analysis of Se-Chahun rhyolites (ICP-MS). 

Sample FeO CaO P2O5 MgO Al2O3 Na2O K2O SUM SiO2 
Ry-1 2/14 0/73 0/03 0/70 10/98 4/76 3/32 22/83 77/17 
Ry-2 3/15 0/52 0/06 2/60 9/03 2/07 3/88 21/65 78/35 
Ry-3 2/70 1/50 0/05 0/90 11/81 5/13 3/58 25/86 74/15 
Ry-4 3/40 0/58 0/05 2/81 9/90 2/35 3/90 23/34 76/66 
DA 8/61 1/44 0/07 0/81 11/58 1/67 3/55 27/98 72/02 

 Cr Ba W Zr Sn Be Sc Y Ce 
Ry-1 17/00 319/00 1/20 58/60 3/50 1/00 4/10 21/20 73/65 
Ry-2 45/00 777/00 0/80 62/80 2/60 1/00 7/30 24/30 67/14 
Ry-3 23/00 410/00 0/90 60/20 2/70 1/00 4/30 22/30 70/54 
Ry-4 39/00 620/00 0/80 59/10 3/10 1/00 6/80 23/90 64/64 
DA 19/00 74/00 0/30 15/70 1/00 1/00 9/30 5/30 14/34 

 Pr Nd Sm Eu Gd Mo Cu Pb Zn 
Ry-1 9/80 34/20 7/10 1/30 5/30 1/31 22/10 1/43 12/40 
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Sample FeO CaO P2O5 MgO Al2O3 Na2O K2O SUM SiO2 
Ry-2 8/70 29/70 6/00 1/10 4/40 0/60 2/81 2/20 58/40 
Ry-3 9/16 31/59 6/58 1/21 4/84 1/10 20/80 1/80 15/20 
Ry-4 8/39 28/93 6/03 1/11 4/44 0/80 14/20 2/10 32/50 
DA 1/80 5/90 1/30 0/70 1/10 1/39 5/17 6/82 29/20 

 Ag Ni Co Mn As U Dy Ho Er 
Ry-1 20/00 3/30 9/80 112/00 3/00 2/10 4/30 0/80 2/10 
Ry-2 20/00 15/90 10/60 463/00 2/30 2/10 4/10 0/80 2/00 
Ry-3 20/00 5/40 10/10 135/00 2/60 2/10 4/63 0/88 2/25 
Ry-4 21/00 12/30 9/50 240/00 2/90 2/10 4/26 0/81 2/07 
DA 148/00 6/70 5/10 8202/00 7/80 0/70 0/80 0/20 0/70 

 Th Sr Cd Sb Bi V Tm Yb Lu 
Ry-1 12/30 34/00 0/04 0/64 0/12 15/00 0/30 2/00 0/40 
Ry-2 10/20 81/00 0/05 0/46 0/04 46/00 0/30 2/10 0/30 
Ry-3 11/80 45/00 0/04 0/52 0/09 25/00 0/32 2/00 0/30 
Ry-4 10/70 76/00 0/05 0/49 0/06 32/00 0/29 2/00 0/40 
DA 1/70 113/00 0/05 3/71 0/08 41/00 0/10 0/50 0/10 

 Hf Li Rb Ta Nb Cs Ga In Re 
Ry-1 2/35 8/30 68/90 0/40 3/07 0/20 13/16 0/03 0/00 
Ry-2 2/27 26/70 96/60 0/40 5/18 0/30 14/79 0/02 0/00 
Ry-3 2/29 10/10 70/20 0/40 4/10 0/20 13/40 0/02 0/00 
Ry-4 2/32 22/40 88/90 0/40 4/90 0/30 14/20 0/03 0/00 
DA 0/51 5/80 85/30 0/10 1/99 1/40 13/92 0/10 0/00 

 Se Te Ti La Tb     
Ry-1 0/30 0/08 1030 40/50 0/80     
Ry-2 0/30 0/45 1980 38/40 0/90     
Ry-3 0/30 0/01 1139 39/50 0/88     
Ry-4 0/30 0/20 2098 36/20 0/81     
DA 0/30 0/09 1470 8/00 0/10     

 

Table 2. The result of major element analysis of Se-Chahun rhyolites (XRF). 

Sample SiO2 Al2O3 Na2O MgO K2O TiO2 MnO CaO Fe2O3 
monzodiorite 52.26 17.74 3.74 4.61 2.06 1.03 0.11 7.82 8.05 
Ryolite 73.32 12.67 4.65 1.02 3.04 0.23 0.03 0.88 2.50 
Ryolite1 71.51 10.65 1.96 4.91 3.51 0.32 0.09 0.70 4.00 
Ryolite2 60.39 13.44 1.44 0.84 3.54 0.10 1.11 1.58 8.34 

 
P2O5 SO3 LOI Ba Co Cr Cu Nb Ni 

monzodiorite 1.14 0.00 0.74 3288 9 52 80 28 49 
Ryolite 0.04 0.00 1.42 696 N 18 48 2 1 
Ryolite1 0.08 0.00 1.96 1381 2 65 N 2 43 
Ryolite2 0.08 1.89 6.57 5967 5 21 N 1 N 

 
U Th Ce Cl Pb Rb Sr V Y 

monzodiorite N 36 33 656 35 46 2057 80 16 
Ryolite 1 53 75 551 9 101 42 32 24 
Ryolite1 12 68 68 977 14 119 111 40 22 
Ryolite2 N 35 1 165 28 95 124 42 18 

 
Zr Zn Mo 

      
monzodiorite 383 77 8 

      
Ryolite 190 28 7 

      
Ryolite1 173 75 15 

      
Ryolite2 114 37 13 

      
 

According to diagram Zr versus SiO2 and Zn versus 

SiO2 (Collins et al. 1982). All samples plotted in the I- 

type area. 

 

Although in the rift zones typically granite and 

rhyolites have A type properties, but if in this zone 

partial melting accurse in igneous crustal rocks, the 

chemistry of rhyolites are approaching to I-types. In 

the study area chemical properties of rhyolites are 

approaching to I-types (Fig. 9). 

 

Geochemistry of trace elements 

Minor and trace element abundances plotted in 

multi-element and rare earth element diagrams. The 

rhyolite rocks (Fig. 10) is almost enriched than LREE 

/ HREE ratio. This diagram shows negative 
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anomalies of Eu2+ and flat pattern of HREE elements. 

However, have downward sloping curve that indicates 

the high degree of differentiation. It can be deduced, 

untile formation of rhyolites, digestion part of old 

continental crust, shell the changes in the 

concentrations of trace elements. 90 wt% of Eu2+ 

anomalies control by potassium feldspar and 

plagioclase, 5 to 7 wt% apatite and monazite and 1-2 

wt% control with micas. Thereby, with increasing 

differentiation of magma, negative anomalies of Eu2+ 

increases.  

 

 

Fig. 6. Classification of rhyolite rocks (Le Bas et al, 

1986). 

 

 

Fig. 7. Classification of rhyolite rocks (Winchester & 

Floyd, 1977). 

 

Fig. 8. Discriminant diagram between tholeiitic, 

calcalkaline series of rhyolite rocks of the Se-Chahun 

district (Irvine & Baragar, 1971). 

 

 

Fig 9. A- Diagram Zr versus SiO2 and B- Zn versus 

SiO2 (Collins et al. 1982). All samples plotted in the I- 

type area. 
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Fig. 10. REE pattern of Se-Chahun rhyolite rocks 

(Boynton, 1984). 

 

 

Fig. 11. Graph partitioning the tectonic rhyolite rocks 

(Pierce et al., 1984). 

 

 

Fig. 12. Tectonic diagrams (Schandl and Gorton, 

2002). 

Tecnomagnetic setting 

Separation of tectonic environment by Pierce et al 

(1983) proposed a range of within plate rocks (WPG) 

for rhyolite rocks (Fig. 11). In chart that provided by 

Schandl and Gorton (2002) samples located in the 

within place volcanic zone (Fig. 12). 

 

Conclusion 

Igneous rocks are spread in Central Iran. They divide 

to plutonic and volcanics of Late Precambrian, 

Infracambrian (recently Cambrian), Mesozoic and 

Tertiary age. There is an alkaline - calc-alkaline 

bimodal composition at these environments. 

Contrary, alkaline-sub alkaline bimodal suites occur 

in anorogenic continental rift settings. One of the 

important volcanics rocks in the study area is rhyolite 

rocks. Mineral assemblage in these rocks is quartz 

and plagioclases (phenocryst) and quartz and 

microlitic plagioclase (mesostasis). Accessory 

minerals in these rocks are opac mineral, calcite and 

chlorite. In some cases, plagioclases are strongly 

altered to clay mineral, sericite, chlorite and calcite. 

In the distinguish diagrams, rhyolite rocks are plotted 

in the calc-alkaline area and chemical properties of 

rhyolites are approaching to I-types. Separation of 

tectonic environment proposed a range of within 

plate rocks (WPG) and within place volcanic zone for 

rhyolite rocks.  

  

References 

Bonyadi Z, Davidson GJ, Mehrabi B, Meffre S, 

Ghazban F. 2010. Significance of apatite REE 

depletion and monazite inclusions in the brecciated 

Se-Chahun  iron oxide-apatite deposit, Bafq district, 

Iran: Insights from paragenesis and geochemistry. 

Chemical Geology. 281, 253-269. 

 

Barton MD, Johnson DA, 1996. Evaporitic source 

model for igneous-related Fe oxide- (REE-Cu-Au-U) 

mineralization. Geology. 24, 259–262. 

 

Boynton WV. 1984. Cosmochemistry of the rare 

earth elements; meteorite studies. In: Rare earth 



J. Bio. & Env. Sci. 2014 

 

336 | Beni 

element geochemistry. Henderson, P. (Editors), 

Elsevier Sci. Publ. Co., Amsterdam. 63-114. 

 

Collins WJ, Beams SD, White AJR, Chappel BW. 

1982. Naturer and origin of A-type granites with particular 

reference to southeastern Australia. Contribotions to 

Mineralogy and petrology. 80, 180-200. 

 

Daliran F. 2002. Kiruna-type iron oxide-apatite ores 

and ‘apatites’ of the Bafq district, Iran, with an emphasis 

on the REE geochemistry of their apatites. In: Porter, 

T.M. (Ed.), Hydrothermal Iron Oxide Copper gold & 

Related Deposits: A GlobalPerspective, volume 2. PGC 

Publishing, Adelaide, Australia. 303–320. 

 

Feiznia S. 1993. Non-terigenous sedimentary rocks 

(excluding carbonates). Tehran University 

Publications. 262 p (In Farsi). 

 

Forster H, Jafarzadeh A. 1994. The Bafq mining 

district in central Iran – a highly mineralized 

Infracambrian volcanic field. Economic Geology. 89, 

1697–1721. 

 

Haghipour A, Valeh N, Pelissier G, 

Davoudzadeh, M. 1977. Explanatory text of the 

Ardekan quadrangle map, 1:250,000, Geological 

Survey of Iran. H8, 114 p. 

 

Hamdi B. 1995. Precambrian-Cambrian deposits in 

Iran. Geological Survey of Iran, Tehran, 364 p. 

 

Hitzman MW. 2000. Iron oxide-Cu-Au deposits: 

what, where, when and why. In: Porter. T.M. (Ed). 

Hydrothermal iron oxide coppergold and related 

deposits: A global perspective. Australia Mineral 

Foundation, Adelaide. 9-25. 

 

Hossein Mirzaei Z, Emami MH, 

Sheikhzakariaee SJ, Nasr Esfahani AK. 2014. 

Petrography of plutonic rocks in the late cambrian 

(rizu series), Se-Chahun iron oxide deposite, Bafq 

mining district, Central Iran. Journal of Biodiversity 

and Environmental Sciences (JBES). 5(4), 610-616. 

Irvine TN, Baragar WRA. 1971. A guide to the 

chemical classification of the common volcanic rocks. 

Canadian Journal of Earth Sciences. 8, 523–548. 

 

Jami M. 2005. Geology, geochemistry and evolution 

of the Esfordi phosphate-iron deposit, Bafq area, 

Central Iran; Unpublished Ph.D. thesis, University of 

South Wales, 403p. 

 

Jami M, Dunlop AC, Cohen DR. 2007. Fluid 

Inclusion and Stable Isotope Study of the Esfordi 

Apatite-Magnetite Deposit, Central Iran. Journal of 

Economic geology. 102, 1111–1128. 

 

Le Bas MJ, Le Maitre RW, Streckeisen A, 

Zanettin B. 1986. A chemical classification of 

volcanic rocks based on the total alkali–silica 

diagram. Journal of Petrology. 27, 745–750. 

 

Moghtaderi A. 2013. Chadormalu iron oxide 

deposit, evidence for nonorogenic continental setting 

at Bafq region, central Iran. Ultra Scientist. 25(2), 

193-220. 

 

Momenzadeh M. 1987. Saline deposits and alkaline 

magmatism, a genetic model. Geological survey of 

Iran 45, 1385-1495. 

 

Moore F, Modabberi S. 2002. Plate tectonic and 

geological processes. Kooshamehr Publications, 

Shiraz, 467p (In Farsi). 

 

NISCO. 1975. “The results of the geological 

prospecting at the Chador Malu deposit”. Unpubl 

Rept. National Iranian Steel Corporation. 57 p. 

 

Pearce JA, Cann JR. 1983,،Tectonic setting of 

basic volcanic rocks determined using trace element 

analyses، Earth Planet Science Letter. 19, 290-300. 

 

Ramazani J, Tucker RD. 2003. The Saghand 

region, Central Iran: U-Pb geochronology, petrogenesis 

and implications for Gondwana tectonics; American 

Journal of Science. 303, 622–665. 



J. Bio. & Env. Sci. 2014 

 

337 | Beni 

Ramezani J. 1997. Regional geology, geochronology 

and geochemistry of the igneousand metamorphic 

rock suites of the Saghand Area, central Iran: 

Unpublished Ph.D. thesis, St. Louis, Missouri, 

Washington University. 416 p. 

 

Samani B. 1993. ”Saghand formation, a riftogenic 

unit of precambrian in Central Iran”, Geoscience. 

2(6), 32-45. Geological Survay Iran. 

 

Samani B. 1988. Metallogeny of the Precambrian in 

Iran. Precamb. Res. 39, 85–106. 

 

Stosch HG, Romer RL, Daliran F, Rhede D. 

2011. Uranium–lead ages of apatite from iron oxide 

ores of the Bafq district, east-Central Iran. 

Mineralium Deposita. 9–22. 

 

Torab FM. 2008. Geochemistry and metallogeny of 

magnetiteapatite deposits of the Bafq Mining District, 

Central Iran. PhD thesis. Clausthal University of 

Technology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Torab FM, Lehmann B. 2007. Magnetite-apatite 

deposits of the Bafq district, Central Iran: apatite 

geochemistry and monazite geochronology. journal of 

Mining. 71, 347–363. 

 

Torab FM. 2010. Geochemistry and radio-isotope 

studies on the iron-apatite ores in Bafq metalogenic 

zone for determination of apatite origin; Iranian 

Journal of Crystallogrphy  Mineral. 18(3), 409–418 

(in Persian). 

 

Williams PJ, Barton MD, Fontboté L, de 

Haller A, Johnson DA, Mark G, Marschik R, 

Oliver NHS. 2005. Iron-oxide-copper-gold deposits: 

Geology, space-time distribution, and possible modes 

of origin. Economic Geology 100th Anniversary 

Volume. 371–406. 

 

Winchester JA, Floyd PA. 1977. Geochemical 

discrimination of different magma series and their 

differentiation products using immobile elements. 

Chemical Geology. 20, 325–343. 


