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Mineralography, Geochemistry and Sulfur Isotope Study in
16B Magnetite Mineralization Anomaly, Bafgh, Yazd

Pouria Salami', Afshin Akbarpour™, Mohammad, Lotfi', Arash Gourbjeri’
1. Research Institute for Earth Sciences, Geological Survey of Iran, Tehran,
2. Economic Geology, Mianeh Azad University, Mianeh, Iran
Abstract

Anomaly XVI-B is located in Central Iran Structural Zone. The oldest rock formations in this
study area are related to metamorphic rocks which are included gneiss, micaschist, amphibolite and
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megmatite. Mineralized intruded mass distinguished by alkaline diorite-syenite that cut Bonoshorow
metamorphic complex and limestone units. Metallic mineralization is occurred in skarn rocks.
Magnetite is the most abundant mineral in anomaly XVI-B and also it has been seen as stripe, mass,
disseminated and filling empty space textures. The magnetite grains are shaped to shapeless.
Magnetite is oxidized near the surface and converts to hematite, goethite and other iron oxides.
Another metallic mineral which are associated with magnetite are pyrite, and chalcopyrite, which
have been found in quartz, actinolite, calcite, and epidotite that come with various forms within host
rocks, syenite, gabbro, and skarn. According to the graphs of rare earth elements in iron
mineralization and intruded units indicates the possible similarity of the source of iron mineralization
with intruded mass. The grade of iron oxide in ore deposit varies between 25 and 75 percent. The iron
element has a negative correlation with oxide of titanium oxides, magnesium, manganese,
phosphorus, potassium and sodium. Based on cobalt relationship with nickel, chromium - nickel, and
chromium - vanadium, so anomaly XV1-B iron deposit is related to the hydrothermal deposits. Due to
the ratio of Al / Co and Sn/ Ga, anomaly XVI-B is recognized as a skarn type deposit. Based on the
scattering patterns of the rare elements, anomaly XVI-B is more similar to the skarn type deposit.
Geological and mineralogical evidence, as well as the geochemical properties of the magnetite,
indicate that skarn deposit is source of iron mineralization. Iron is transported by the hot fluids that
come from intruded units that accumulates between boundary of metamorphic and marble units. §*S
value is between 21.24% - 22.27%. The source of Sulphur isotope is meteoric and ancient marine
water. As a result, the accompaniment of magnetite with idiomorphic pyrite cannot be found that the
source of magnetite is different with pyrite.

Keywords: Fe mineralization, geochemistry, skarn, Sulfur isotope, 16B anomaly, Bafgh, Yazd.
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Figure 1. a) Location of the study area in the structural map of Iran (Nabavi, 1977), b) Geological map
adapted from magnetite-apatite Bafq area (Haghipour, 1977: Ramezani & Tucker, 2003).
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Figure 2. a) Geological map adapted from the 1:100000 Ariz geological map with borehole places in
study area (Haghipour, 1977), b) Location Fe mineraliztion and relative anomaly 16 B with results of two
boreholes and geophysical study in area.
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Figure 3. a) Intergranular texture and plagioclase crystals in gabro- gabrodiorite (XPL), b) Pyroxene, opac
mineral, epidote, cholorite and scapolite in microdiorit (XPL). (Mag = Magnetite. Hem = Hematite. Cpx =
Clinopyroxene. Ep = Epidote. Chl = Chlorite. Amp = Amphibol. Sph = Sphene. Op = Opac. Scp = Scapolite)
(Winter, 2014).



3 e pele Ve olialg sl ) 8)led Y alr VeV

(opls> oladls psle 4 ,59)
S sl @y 1) (Gle gl Jolee ) Jlo seee $I0FE £l (3l s et 202 gl s 2
Ol (5 055 5 50,1 sl 205, whos CiliS o) E90 CllS S (K5 Sl 558 Rl (S
Sl WSLeS 5l 3585 slaaxly (pl og paas | olas as (Forster & Jafarzadeh, 1994) ol sols
ool dilaie o S5 50

oAl

&) Sl 5 )l S5 b ogm) 5 95550 slaKin | acgezma jo OV Jlegil ol JLuils o l5al8

leS ails Ve slasd o o ]SS 1) I0dilS g5 o iR S ygedgies U 59305 plS (63985 0045 el 00ls
Sya Sypots 5 5 )+ ol b LSS (slo & i gty 5 Jeban B 5 e YEe o 5lta oy Bl
Sy 50 S)ly B b KL pwie g Slodgs F )Ll S8 (s pSeihe Slaomyp b ad i jloaly B
b oads )5l ol alye ,0 a5 glaily,S slocSins 51 i o, b odilS g5 el puyayio TooxVe o Syam
9 S Sligusy 31 jgue 5l oo ailed 05l 0 0000 VY aileS j0 2o Vo 5l S ia B YV s 5l oo
0955 59 ol e as B e+ 5505 Calid b o 90 0 Sl gl 5 n 40 it b oo
Gy p el ol i ol Ll el gy (5l slaail qelitel g3luals 51 sl b 5le S (55 S
51 SIS cdly 5 ond 0,5 SwigiSs slogyes 5ol cov ol @il 5 45 ans o i 5Ky, SKan
G b a5 ol Cutpie JLilS ol ys hals Lol 56 a5 ses e lis o ablis sy (o F USE)
] CaralS g1 )5 oy Cailon ST 5 oy s Sy 083
Gloail,d azl )0 CudsS 5 Cudyle il jpasjluSins 5 albl sl S plgiear Dganl 5 STy 6,8
5 bl (B glad 0aiiS s 5 glosgs dbcutaie yo oo sdmlin il o oder igd o JkSAS ol3igy
Fogibo S5l S5 o8 5 iy b sy bk b U3 0 b eSS (T laals (ol F S8) el (s
Jos el oot Koo 5 cuiss wuslen Gla S5 4 g ool 0S| o) mhaw (Soop 50 Sl
Cuilon Ay 5lelS mhaw slaal )0 ol (i)le sy (b Cutiie bdiged (S 0 (o T JSE) 05 e
S 0 g sad oddlin S mhaw Ho adgl a3l 65 g 0ed oo hawd Cudyle 4 b sl oulds il
oy b 4l Cilen (O F JS0) o)l jpas albl sla SIS e jo caiST, alls O jgody St ol (bl

a o5 had Sl 5 550 g a0 Catite slasl St el ool S5z e adsl Conite 1 gl o
65 e 5 0 sliles 5 45 el Jpann (sl 5 i () uilen & St i s Coilos
Geilgs slo 1S ke (& 0 IS5) ol il 5 Ll il s uslen (& F SE) (o B0 5l 5oS) dmo
FB 6lad 00iS O pgods Ll il el ol JailS sl 38l 50 Cugrm g Co SIS G yaia g So
Qﬁ.';?f@‘_gdawsb.)qjjé Sl as el (10 JSo) 5, oS aes b Ll JSo oasSTp asls o (10 L) B L
@ S o) 009 cewdd Basasylis 4T 0gd e 00 e dine) H0 oSy wly oy .l sad bos
ol 0o LS5 Catie 5l JBB slalad soiS )y lgieds IS o oy (10 JSK8) ol cutie ojalS
Sy San 81y ol b o3y SBGKSE 3 KB 5 3y el Spety s
S8 g 5,800 05 Jlade & Codgrm (@ 0 USE) Sl Cop 4 S o oSIE (o (653U S lis
S b 3 sm ol JeSas saamoplid 5 el ouds S48 IS5 o oy s la SinSS 50 5 el
bl gla S5 o et )5 5 Dgagl omS g ol | 98T S IS Gla S (0 8 S




V¥ 0548k 17 ol JLdls 0,555 539l Glaism) 5 ordsh) s (54l

SlsSs 5l tile & gons a5 ol albly Gl S 55008 5lsS aiies LIS ol s sleKin
cod sl 5 S slhan a8, b adsl UK & CodS (0w B USE) el 0ids ol &L sla SIS
P08 SdeST G (o 7 JS8) sl ond St jlopendS sl M 33 Sl sla SIS Slu Sy 56
(S F JS8) Cons] s i slaeand ) adsl Sy Lo ,Fo b i po 5 el (o] ailSelees SIS
(2D 52300 o (dl Sl ) (il amivo 2L Lol yam) codl I 9 Algay sl Shos (Sl 50
ol S, L o 03,057 Gl (oS SVl 0955 b Spas Gl S0 wn b o (& F USD) 090 e
W93k (G5, b g Glu 5o 5l cudglfal (& F JS2) d9d o0 JoSis Sl (S5 DL jisle o
oS Slaptms 53 SesiST s MR s b aloord S5 il ool calid 5 wlse ezsey
S50 baaoylid g oad JuSis of F le dx 0 Yoo 5l i les jo Sl U avlgus slocw (o Jled
w8 (o F JS) cal oads JSis Sl sla S5 Sl S 5t cou gl ol (6358 0355 b Loy

a3 oo slii 1y 0,0 sloged KTy g 0gd oo 000 jebh o U gy, S

5 52 ot slash (aB e (@ (PPL) cuisS 5 gl Cotlon b olpas scanl 0 i3 Sl 4 el o oS
coilen (& PPL) S8 Sism adl cslen 5 oLadl 5 oaiST b slosgs il b lo S aas b oS el cuisyo
(S = Gan cosles = HEM oz =MAQ) col ouds Jol> cotie cind (o 22 )lo 5l g 009 gl &0

(Whitney, 2010)
Figure 4. a) Granular magnetite with mases texture (PPL), b) Subidiomorph to idiomorph magnetite with
scatter texture changes to martite with secondery hematite and goethite (PPL), c) Martitization in
idiomorph and subidiomorph, fine and coarse grain magnetite and neddle primary hematite shape (PPL).

d) secondery hematite with changing weak martitization magnetite. (Mag = Magnetite. Hem = Hematite.
Gan = Gangue) (Whitney, 2010).
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Figure 5. a) Scattered pyrite grains surrounded by magnetite and chalcopyrite fine grain into coumulative
pyrite in magnetite mineral background (PPL), b) Fine grains of chalcopyrite and pyrotite along the
fracture and pyrite background (PPL). (Py =Pyrite. Mag =Magnetite. Ccp = Chalcopyrite. Po = Pyrotite.
Gan = Gangue) (Whitney, 2010).
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Figure 6. a) Samples of metasomatite unit (skarn) BH-257, depth 248 m in study area, b) garnet, epidote
and calcite with opaque mineral (magnetite) from metasomatite sample (XPL), c) pyroxene (diopsite) and
garnet with opaque mineral (pyrite) (XPL), d) Alteration of plagioclase mineral to scapolite and mafic
minerals to epidote in schist sample (XPL), e) Alteration of mafic mineral to calcite and calcite vein and
vienlets in rock background with quartz to replacement silicate and biotite mineral with Fe vienlets in
background rock (XPL), f) Coarse grained actinolite due to alteration and feldspar (albite) granular
(XPL). (Gar = Garnet. Ep = epidote. Bt = Biotite. Ab = Albite. Act = Actinolite. Qz = Quartz. Cal =
Calcite. Fe-Oxide = Ferro-oxide) (Whitney, 2010).
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Table 2. lisotope data of isotope pyrite mineral in XVI-B anomaly
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Figure 11. Sulfur isotope range in pyrite mineral anomaly XVI-B relative to marine sulfates
(Claypool et al., 1980)
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Figure 12. Sulfur isotopic composition of 16B iron deposit in comparison with some deposits of
different origin (Sun et al., 1998).
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introduction

The distribution of iron ore deposits in Iran similarly is not temporally related to a specific
time period. Iron mineral occurrences have developed since the formation of the Iranian crust in
the Late Proterozoic, and they range in age from Late Proterozoic to the Miocene-Pliocene. It is
recognized that the iron deposits formed in the Late Proterozoic — early Cambrian are more
abundant than those of other ages (Forster and Jafarzadeh, 1994). Different sources have been
proposed for the source of metal and fluid components in the iron ore deposits in the Bafq area.
Forster and Jafarzadeh (1994) proposed a magmatic model for the magnetite-apatite deposits in
the Bafq district. Daliran (2002) concluded that hydrothermal fluids played a significant role in
the development of the Bafg iron deposits. Moore and Modabberi (2003) suggested that
hydrothermal processes are dominated by alkali alteration, which can be seen in the formation
of the Choghart deposit and possibly other iron deposits in the Bafq district. Mokhtari (2015)
proposed a magmatic model for iron oxide-apatite (IOA) deposits in the Bafq district, in which
iron oxide melt separated from alkaline to sub-alkaline magmas in a rift environment and alkali
hydrothermal metasomatic ensued. Hyidarian et al. (2017) introduced hydrothermal fluids as a
basic phenomenon for the formation of Chadermallou iron ore deposits in the Bafq district. The
aim of the present study is documentation of the ore mineralogy and alteration, whole-rock
geochemistry and genesis of the XVI-B iron deposit with sampling of core in borehole. With
use sulfur isotopes we could found better way for fluid hydrothermal genesis for pyrite genesis
and study relation with Fe mineralization. These new data are used to discuss the origin of the
XVI-B iron deposit.

Material and methods

Field work included investigating and sampling skarn mineralization and alteration from
outcrops and drill core. A total of 54 samples were collected from various lithological units and
cores, which were examined with transmitted and reflected light microscopy. Among these, 44
of the samples were analyzed for major and trace elements by ICP-MS (Varian Model Australia
with two ultrasonic nebulizers) and major oxide samples were analyzed by XRF using the
Philips X’pert Promodel at the Iranian Mineral Processing Research Centre (IMPRC).

In addition, five pyrite samples from magnetite ore were collected for sulphur isotope
studies. To select pure pyrite, samples were drilled and crushed, and, after separation using a
magnetic separator, the sulphide minerals were handpicked under a microscope. Samples were
prepared for and analyzed by a Thermo MAT253 mass spectrometer by combustion in a Flash
2000HT Plus device in a continuous flow regime at the stable isotope and organic geochemistry
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lab of the Earth Science Institute, Slovak Academy of Sciences. Measured values were

calibrated by IAEA-S3 and IAEA-S2 international standards, and duplicate analyses was carried

out to reduce errors.

Results and discussion

Based on geological knowledge the oldest rocks in this area are Precambrian metamorphosed
units like genies, mica-schist, amphibolites and migmatite that formed bedrocks for this
mineralization anomaly. The mineralization area is completely covered by a series of Tertiary
and Quaternary sediments of Bafq Basin. This deposit contains a variety of igneous,
metamorphic and metasomatic rocks. Based on the petrographic view, igneous rocks are
granitoid that include gabbro, syenite, quartz monzonite, granite, and highly altered basaltic
rocks (metabasite). The metamorphic rocks are marble, (metasomatic rocks) and skarn rocks.
Metallic mineralization has occurred in relation to syenite, gabbro and skarn rocks. Magnetite is
the most abundant iron oxide ore in this anomaly and it can be seen with aggregate, ribbon, fill
in the void and spray texture and its pieces are shaped to be amorphous. Magnetite is oxidized
near the surface and is altered to hematite, goethite, and other iron oxides. Other metallic
minerals participants with magnetite are pyrite and chalcopyrite that can be seen with quartz,
actinolite, calcite, and epidote in various forms within host rocks, syenite intrusions, gabbros,
and skarns. Accordance with rare element diagrams in iron mineralization and intrusive masses,
which indicates the origin of mineralization is similar to intrusive masses probability. Iron oxide
grade varies between 5 and 75 percent in the ore. The iron element has a negative correlation
with titanium, magnesium, manganese, phosphorus, potassium and sodium oxides. Based on
cobalt to nickel, chromium to nickel, chromium to vanadium relationship, this iron deposit is
placed in the hydrothermal deposits range. Due to the Al / Co and Sn / Ga ratios, this deposit is
located within the skarn type deposits. Based on the scattering patterns of trace elements XVI-B
anomaly iron ore is more similar to the skarn type deposits.

Conclusion

Geological, mineralogical and geochemical evidence of magnetite indicates skarn origin for
iron mineralization of XVI-B anomaly. This means that iron is displaced by hot fluids from the
intrusive masses and accumulates in the interval between the metamorphic units and marble.
Sulfur isotopic studies in pyrites were indicated that they are made of high temperature fluids,
moderate salinity and low temperature atmospheric waters. The pyrite in this deposit is
composed of low temperature fluids, high sulfur, and oxidized environment fluids, it may have
originated in relation to seawater, saline basins, dissolution of evaporative sulfates that have
decreased as a result of the production of pyrite fluids, and ultimately indicates the composition
of atmospheric fluids and magmatic fluids in this deposit. The origin pyrites is not the same as the
original ore of magnetite.

Keywords: Fe mineralization, Geochemistry, Hydrothermal, Skarn, Anomaly 16 B, Bafq, Yazd
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