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Fig. 1. A geological map from a part of Baout area based on google earth images and filed observation (ages from

Behrouzi, 1993).
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Fig. 2. Microphotographs of igneous rocks in Baout in XPL, A: Serpentinized peridotite, B: Listvinite composed of
calcite and quartz, C: Pillow basalt D: Diabase contains plagioclase crystals, colored minerals, secondary minerals such
as amphibole and epidote, E: Diabase contains crystals of amphibole, and F: Quartz and calcite veins with epidote that
cut a basalt. Abbreviations from Whitney and Evans (2010) (Qz: Quartz, Pl: plagioclase, Srp: serpentine, Amp:
amphibole, Cal: calcite, Ep: epidote).
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Fig. 3. Microphotographs of sediment and metamorphic rocks in Baout in XPL, A: phyllite contains crystals of quartz
and muscovite, and B: sandstone composed of quartz, lithic, feldspar and secondary minerals. Abbreviations

from Whitney and Evans (2010) (Qz: Quartz, Cal: calcite, Ms: muscovite).

Sy D) sy LodS 5 J1SST o st e 4 56 G S
D 5C-F o) wlods LS5 55 glamS ) 5 Lae i
3L e ao Ol oo (slaits 55 o Ss 5 Co o
Claaiy O pot Lacds 53 LG cpl .l o |55
oded 55158 Glaacs¥ L osline 5 alblgr 503, 5 oy
Lad sl 5 beSimanle 55 o o (AT [S5) 358 oo
o Lails ys usyls H el S glib oliS O sen
By a0l s CodS 5 1S Sl sdnie slaasS

LS5 655k (S S as B I Slas samae

S
Ol 85 oo 5 5l 4 A2 Sl gl slacKin
33 =SS 0L e (Sls (slacKin 48 Jo 55 Lot
P blods Sl gy Sl 5> Jomte N O g atlate
555508 (g 4 gl $Sale sl SIS Sl S !
SFE D-Y JK8) Ulods o5 CondSy 5,158 g 5
o=l SLS oS 0lsl b 4SS s D (B s A-F S
b o b g odile U ok Os (535> b ConlacSe

o) e Do Cul odd s gyl 5 S IS (s



1844 e Dl Ol K 53 o JESH 5 Ol gesT (357 s

(¥4 JL) ¥ ol VY il

Sl 85 5 lod s w3l DLy S 5 5l slaenS, 5 &,

@la;b);dufad_;u»ugbﬁyw

iz sLa SCa 5031001 3 487 W ls 3 g 5 LaesSin ol o
Jols acilate Lae&n plas Sy gboay e S Iy 1T

A ot 3 g s 5 5 Sl gl 40 peame (slacSn

5 g (ol B8 L5 53 6Saky s Gl 83 By A XPL 5 53 &gl o3 gdoms sla il 55 5l g K5 Sn sla oS P S
Whitney ) ;15 5 (5 olol 1 )it o39e (555,155 4085 5 Sl S slassh D 5 ks &K 55 CondS 5 5,18 48, C oy JS
Ao ST 0 5uty) EEP oS :Cal o gt T:AMP IS 55 55 P 5,158 :QZ ) ol 0 Lisl (and Evans, 2010

Fig. 4. Microphotographs of alterations in Baout in XPL, A and B: propylitic alteration in diabase with the formation of

epidote, tremolite and chlorite, C: quartz and calcite veinlets in phyllite, and D; quartz veinlet contains crystals of
carbonate. Abbreviations from Whitney and Evans (2010) (Qz: Quartz, Pl: plagioclase, Amp: amphibole, Cal: calcite,

Ep: epidote, Ser: sericite).

eslaul g;‘ﬁ)-.’.‘ uﬁ':}) 5 4lae u-i' BL) (1990, Grant, 2005
s g;’}J Q__v.\ quu‘ 9 4_.1'\-; .(Grant, 2005) Sl 0l
“ C,.:.«Jauo‘»;.ﬁ e )s >4 g0 mole olde
Vsl 55 olerd (slaesls ol ailate 55 (L e
C,‘:a_.’f) s ss L;‘J—' AJ{-’J_B-‘ U’:}))J el 0 lE 0ala0LES
S el ol 1 gl VL b ol I3l 5 Gl 5

2 g gn 05lazul Y, Al Ti Zr Nb .k

Sl T2 98 P Dl
Slad sl 1 LS gl 5 wld G5 S 4
R GV K SN - S AR Y g W S Pk
e S N5 3l L s sl Kl (s e
ol 30l S5 slacKiw j3 ole Sui by Suie
Gresens, 1967; Grant, ) s)ls 555 alses sla i3,
1986; Maclean and Klanidioti, 1987; Maclean,



3l wlid

OlSen 5 pdis (53dree

YA

S b ailaie 53 0L 3T GaeSw (PPM) o 3 olie s WE%) ol jolie slie ) Jgio

Table 1. Major (wt.%) and trace (ppm) elements contents of hosted igneous rocks in Baout

Sample B1 B8 B17 B5 Kull-X1 BO
Rock Basalt Basalt Gabbro Basalt Gabbro Sb ore
SiO: 57.1 40.46 48.2 45.83 49.62 50.6
TiO: 0.53 2.08 1.16 1.19 1.34 0.12
AlLOs3 16.85 15.69 13.47 13.24 15.85 2.88
Fe203 498 13.97 11.52 12.85 13.95 2.95
MnO 1.8 1.94 1.22 2.31 0.09
MgO 1.23 5.43 5.77 5.81 4.8 0.86
CaO 6.83 10.6 10.19 13.42 6.2 17.64
Na;O 2.17 2.95 2.45 2.95 422 0.42
K:0 3.67 0.67 2.56 0 0.41 0.51
P20s 0.19 0.18 0.66 0.16 0.44 0.03
LOI 6.46 7.97 3.85 4.54 2.98 11.35
Total 101.81 101.94 101.05 102.3 99.81 87.45

As 5 10 3 5 1

Ba 716 55 1238 10 939
Ce 21 17 83 16 4

Cr 90 180 435 297 67 72
Cs 7.2 15.8 54 3.2 1

Cu 12 32 42 38 34 161
Gd 1.6 4.1 3.9 4.1 4.8

Hf 1 3.7 3.5 1.9 1.3

La 13 6 48 7 6
Mo 34 2.4 1.4 4.5 1

Nb 11.7 15.6 16.4 12.6 9

Nd 9 17 26 15 13

Ni 67 554 104.5 96 11.3 17
Pb 24 15 26 22 12 816
Rb 95 27 47 30.1 1 8
Sb 5.1 74.3 8.8 49.9 1 80000
Sc 3 23.9 18.4 26.3 23

Sm 4.3 4.8 8.1 4.5 1.6

Sn 53 1.4 4.5 1.5 1

Sr 343 255 911 203 248 238
Y 6 26 17 24 12 4
Zr 40 93 89 22 38 28
Zn 48 73 60 58 77 1614
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Fig. 5. Isocon diagram to show mass changes in propylitic alteration in the Baout area
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Fig. 8. Microphotographs of stibnite under reflective light in Baout, A: PPL, and B: XPL. Abbreviations from Whitney

and Evans (2010) (Qz: Quartz).
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Table 2. Elemental composition of Sb ore from quartz-stibnite veins in Baout (in ppm except for Sb in wt.%)

Sb (wt.%) 15.6 29.5 38 42 36.4 37.5 38.7 41.8
Hg 12 N.d N.d N.d N.d N.d N.d N.d
Cu 18 16 14 16 17 22 20 16
Zn 167 20 12 69 43 53 71 69
As 63 <20 <20 <20 506 429 725 <20
Ag 0 <1 52 <1 <1 <1 <1 <1
Au N.d N.d N.d N.d 3.21 0.33 0.71 0.36
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Fig. 9. A and B: microphotograph of two-phase primary and secondary fluids inclusion in the Baout, L: liquid phase, V:

vapor phase, and C: pseudo-secondary fluid inclusions (SP).
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Table 3. Summary of Microthermometric data of fluid inclusions of the Baout area

Te ( Tmice ( Wt% Thv-1 Density

n Size(um) Q) &0) NaCl (© g/cm3
1 5 -21 -1.2 2.07 189 0.895
2 6 -21 -1.8 3.06 188 0.903
3 15 221 -1.2 2.07 214 0.864
4 15 -21 -1.5 2.57 167 0.922
5 8 -21 -1.6 2.74 166 0.925
6 8 -21 -1.6 2.74 165 0.926
7 8 -21 -1.8 3.06 170 0.923
8 7 -21 -1.5 2.57 168 0.921
9 5 -21 -1.5 2.57 130 0.956
10 6 -21 -1.5 2.57 168 0.921
11 7 -21 -1.2 2.07 164 0.922
12 6 -21 -1.2 2.07 170 0.916
13 17 -21 -1.5 2.57 161 0.928
14 10 -21 -1.5 2.57 185 0.903
15 -21 -1.8 3.06 180 0.912
16 6 -21 -1.8 3.06 170 0.923
17 12 -21 -1.8 3.06 167 0.926
18 12 -21 -1.8 3.06 215 0.871
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Fig. 10. Diagram of Salinity against homogenization temperature in the Baout area. Trends 1 to 6 is main processes of
fluid evolution (Shepherd et al., 1985).
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origin of trapped fluid (Kesler, 2005) and plot of fluid inclusions of Baout area in the metamorphic water field.
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Introduction

The Baout antimony deposit is located 80 km west
of Zahedan. Antimony occurs as a trace element in
Earth crust, introduced in many minerals,
especially sulfides and sulfosalts and occurs as
small high grade ore deposits in different parts of
the earth. Antimony mineralization in Iran is
mainly in the form of hydrothermal veins
associated with volcanic and plutonic activities.
The Sistan suture zone (SSZ) in east and southeast
of Iran hosts high-grade Sb-veins in several areas
from north to south such as Sefidabeh, Baout,
Lakhshak, Sefidsang and Shurchah (Boomeri et al.,
2018). The aim of this paper is petrography and
mineralogy of the host rocks and ore-bearing veins,
loss and gain of various elements, especially
antimony and related elements in alteration zones,
and investigation of fluid inclusions in quartz
associated with stibnite.

Geology

The Baout is located in the SSZ and consists of
Cretaceous ophiolitic rocks, Eocene flysch
sedimentary rocks (turbidite), Oligo-Miocene
intermediate dikes and recent sediments. The
ophiolites and flyschs are metamorphosed and
altered and host several NE quartz-stibnite veins.
The area is a shear zone and has been affected by
strike-slip faults. The NE faults are dominant in the
mineralized area.

Method and material
20 thin sections and 10 polish and 6 thin-polish

sections were examined by polarizing microscope
under transmission and reflected light for
petrography, mineralogy and alteration and
mineralization studies. A few samples from the
fresh and altered rocks were analyzed by XRF and
ICP-MS for major, trace and rare earth elements,
respectively. Sb ores were analyzed by ICP-OES to
study and interpret grade and variation of Sb, Cu,
Au, As, Ag, and Zn. After optical observations
three representative samples from Baout were
chosen for subsequent micro thermometric
measurements.  The  micro  thermometric
measurements were carried out by Linkham
THMS600 heating-freezing stage (-196 to +600°C)
at Iran processing research center.

Result and discussion

Petrography

The igneous rocks in the Baout rock are
serpentinized harzburgite, gabbro, diorite, basalt,
diabase and dacite. These rocks mainly contain
plagioclase with or without clinopyroxene,
amphibole and biotite. The turbiditic rocks are
sandstone, siltstone and metamorphosed shale
(phyllite). Limestone and list waenite are other
rocks of the area.

Alteration and Mineralization

The host rocks including igneous rocks in the study
area are extensively altered. The propylitic
alteration occurs in the mafic rocks and sericitic
alteration in the turbiditic rocks. The propylitic
alteration is characterized by quartz, actinolite,
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epidote and calcite. Quartz and calcite are
dominant secondary minerals that occur as vein,
veinlets, and open space infillings in the host rocks.
Serpentinization and list waenitization occur in
harzburgite. Mass changes of altered igneous rocks
are calculated by the Isocon method (Grant, 2005).
The altered rocks are depleted relative to less-
altered rocks of Baout from mobile elements of Sb
and As while they are enriched by SiO, and
immobile elements such as Pb. However, the host
rocks in the Baout area have more Sb than equal
rocks from non-mineralized area of the Kurin to the
south.

The Sb mineralization is structurally controlled and
occurs as NE quartz-stibnite veins. The stibnite is
the most abundant sulfide and ore mineral and it
occurs as open space filling mainly later than
quartz. There are also locally variable amounts of
valentinite, senarmontite and stibiconite calcite,
and iron oxides in the veins. The Sb grade is mainly
high and reaches up to more than 30 wt. %. Other
anomalous elements are Au, Pb, Zn, As and Cu.

Fluid inclusion

Fluid inclusions in quartz from the Baout area are
primary, secondary, and pseudo-secondary in type.
The fluid inclusion homogenization temperature
and salinity range from 130 to 215° C and 2.07 to
3.06 wt. % NaCl eq., respectively. They all fall

within the range of those from epithermal ore
deposits and metamorphic waters.

Conclusion

The Sb mineralization in Baout occurs as quartz-
stibnite veins. The ophiolitic and flysch units are
host of the veins. The oldest veins are non-
mineralized quartz veins followed by quartz-
stibnite and carbonate veins, respectively. These
veins are structurally controlled by NE Faults. The
altered rocks are more depleted of Sb and As, and
enriched in Pb and SiO, as compared with less
altered rocks. According to homogenization
temperatures and salinities of liquid-rich two-phase
primary  fluid inclusions in quartz, Sb
mineralization was formed by metamorphic
hydrothermal solutions.

References

Boomeri, M., Mojadadi, H., Biabangard, H., 2018.
Petrography and geochemistry of igneous rocks
and Sb and Au mineralization in Sefidsang and
Dargiaban areas, southeastern Iran. Petrology,
9(35): 193— 216. (in Persian with English
abstract)

Grant, J. A., 2005. Isocon analysis: A brief review
of the method and applications. Physics and
Chemistry of the Earth, 30(17-18): 997-1004.



	2- 82554- Mojaddadi Moghaddam- F   No Blank
	2- 82554- Mojaddadi Moghaddam- E

