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Fig. 1. Geological map of the north of Kalateh Shab area (After Guillou et al., 1981; slightly modified)
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Fig. 2. Diorite and quartz diorite have intruded into the Paleocene-Eocene limestone and sandstone in the north of

Kalateh Shab area. View to the northeast
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Fig. 4. Results of XRD analysis of pyroxene hornfels of the north of Kalateh Shab area. Abbreviations after Whitney

and Evans (2010) (Hd: Hedenbergit, Di: Diopside).
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Fig. 5. Microphotographs of primary and secondary ore minerals in endoskarn of the north of Kalateh Shab area with
protolith A: quartz diorite, and B: diorite porphyry with primary texture, image in XPL: Crossed Polarized Light. .
Abbreviations after Whitney and Evans (2010) (Chl: Chlorite, Ep: Epidote, Cb: Carbonate mineral, Opq: Opaque
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Fig. 6. A: Microphotographs of substitution of calcite and epidote on garnet and presence of actinolite in among garnets
in retrograde phase in Kalate Shab skarn in XPL, B: Microphotographs of presence of actinolite in among garnets in
retrograde phase in Kalate Shab skarn in PPL, C: Substitution of calcite and epidote on garnet with zoning in Kalate
Shab skarn in XPL, and D: Zoning garnet effect sudden changes in mineral composition in Kalate Shab skarn in PPL.
(PPL: Plane Polarized Light, XPL: Crossed Polarized Light). Abbreviations after Whitney and Evans (2010) (Grt:
garnet, Act: actinolite, Ep: epidote).
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Presence of andradite (garnet), magnetite, quartz and calcite in north of Kalateh Shab skarn in PPL. Abbreviations after
Whitney and Evans (2010) (Adr: andradite, Mag: magnetite, Qz: quartz, Cal: calcite).
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Whitney and Evans (2010) (Ves:vesuvianite, Grt: garnet, px: pyroxene, Cal: calcite).
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Fig. 14. A: Presence of garnets, epidote, tremolite- actinolite, chlorite, quartz and calcite represents a retrograde
metamorphism in the north of Kalateh Shab skarn in XPL, B: Presence of garnets, epidote, tremolite- actinolite,
chlorite, quartz and calcite represents a retrograde metamorphism in the north of Kalateh Shab skarn in PPL.
Abbreviations after Whitney and Evans (2010) (Grt: garnet,Ep: epidote, Tr: tremolite, Act: actinolite, Chl: chlorite, Qz:

quartz, Cal: calcite).
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Table 1. Results of microprob analysis (wt.%) of pyroxene in Kalate Shab skarn

\,5%72/1. 72/2.  72/3.  T2/4.  T2/5.
Oxides

SiO: 54.65 54.84 54.72 54.97 54.76
TiO: 0.07 0.12 0.02 0.04 0
AlOs 1.49 0.41 0.4 0.3 0.9
Cr20; 0.02 0.05 0.03 0.05 0.03
FeO 7.44 8.84 9.2 8.64 8.44
MnO 0.3 0.31 0.32 0.32 0.36
MgO 11.17 10.68 9.2 10.26 9.74
CaO 23.83 24.31 24.89 24.26 24.6
Na;0 0.41 0.35 0.26 0.21 0.25
K:O 0.01 0 0.01 0 0.01
Totals 99.41 99.92 99.11 99.07 99.11

Cations on the basis of 6 oxygens

Si 2.063 2.071 2.066 2.075 2.068
Ti 0.002 0.003 0.001 0.001 0
Al 0.066 0.018 0.018 0.013 0.04
Fe*3 0 0 0 0 0
Cr? 0.001 0.001 0.001 0.001 0.001
Fe*? 0.235 0.279 0.29 0.273 0.267
Mn 0.01 0.01 0.01 0.01 0.012
Mg 0.629 0.601 0.518 0.577 0.548
Ca 0.964 0.983 1.007 0.981 0.995
Na 0.03 0.026 0.019 0.015 0.018
Diopside 71.998  67.529 63.261 67.108 67.352

Hedenbergite 26.903  31.357 35.489 31.703 32.255
Johansonnite 1.099 1.114 1.250 1.189 1.393
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Fig. 16. Plot of pyroxene composition in Kalate Shab skarn on the Leake et al., 1997, diagram
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Fig. 17. Plot of clinopyroxenes in Kalate Shab skarn on Q-J diagrams (Morimoto et al., 1988)
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Fig. 18. Plot of garnets composition in Kalate Shab skarn on the diagram of Leake et al., 1997
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Table 2. Results of microprob analysis (wt.%) of garnet in the Kalate Shab skarn

\Oym 80/14 80/15 80/16 80/17 80/18 80/19 80/20 80/21

SiO: 37.65 37.49 37.67 37.6 38.15 37.68 39.36 37.83
TiO2 0 0.01 0.01 0 0 0 0.02 0
ALO3 0.09 0.18 0.06 0.05 0.05 0.56 231 0.02
Cr203 0 0 0 0.01 0 0 0.01 0
FeO 27.75 27.31 27.79 27.81 27.57 26.72 24.51 26.51
MnO 0.23 0.21 0.26 0.2 0.25 0.11 0.55 0.22
MgO 0 0.09 0 0 0.04 0 0 0
CaO 33.24 33.36 33.29 33.58 34.78 33.66 33.6 33.53
Na:O 0.07 0 0.03 0.02 0 0 0.02

K:0 0 0 0 0 0 0 0.01
Totals 99.03 98.66 99.11 99.27 100.84 98.73 100.43 98.12

Cations on the basis of 12 Oxygens

Si 3.360 3.352 3.359 3.349 3.342 3.353 3378 3.388
Ti 0.000 0.001 0.001 0.000 0.000 0.000  0.001 0.000

Al 0.009 0.019 0.006 0.005 0.005 0.059 0234  0.002

Cr 0.000 0.000 0.000 0.001 0.000 0.000  0.001 0.000

Fe* 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000

Fe** 2.071 2.042 2.072 2.072 2.020 1.988 1.759 1.986

Mn 0.017 0.016 0.020 0.015 0.019 0.008  0.040  0.017

Mg 0.000 0.012 0.000 0.000 0.005 0.000  0.000  0.000

Ni 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000

Zn 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000

Ca 3.178 3.196 3.180 3.205 3.265 3209  3.090  3.218

Total 8.636 8.638 8.638 8.648 8.655 8618  8.503 8.611

Fe'* 1.631 1.628 1.634 1.645 1.653 1.588 1.386 1.610

Fe't = Ooif Fe' < 1.631 1.628 1.634 1.645 1.653 1.588 1.386 1.610
Fel* = ;’etsﬁl Fel = 440 0.414 0.438 0.427 0.367 0400 0373 0376

Fe3* = total Fe?" if

e > total Fe®* 1.631 1.628 1.634 1.645 1.653 1.588 1.386 1.610
2+ — ()3 3+
Fe tot;’l‘gﬁ g 0.440 0.414 0.438 0.427 0.367 0400 0373 0.376
Andradite 99.4 98.8 99.6 99.6 99.7 96.4 85.5 99.9
Grossular 0 0 0 0 0 32 12.8 0
Pyrope 0 0.5 0 0 0.2 0 0 0

Spessartine 0.6 0.6 0.4 0.3 0.1 0.3 1.6 0.1
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Table 3. Results of fluid inclusions study in skarn of Kalate Shab area

(o]
Samples Th TFm Tm NaCl%wt P(Bar) P(g/cm3) dP/d(t:()bar/
133 171 - 248 -55--573 -9.5--11 13.4-14.77 7-29 0.935-0.996 15.6-19.8
80-1 187 - 240 -55--573 -8.1--9.7 11.81-13.62 11-25 0.931 -0.982 15.8-18.3
45-1 194 - 286 -55--57.4 -9.8 --10.1 12.05-14.04 25-53  0.884-0.931 13.5-15.7
b S dalae 3,80 L8 s EVLe SIS 5 5 F Jou
Table 4. Petrography of fluid inclusions in skarn of Kalate Shab area
Filling Diameter Width Length Shape Dominant Phase Group
degree pm pm pm phase
Shaped to bug
0.8-0.9 1-2 1-2 2-5 stretched, Triangular, V+L VL LV
Cone
Shaped to bug Vil Vel
0809 -2 12 -3 stretched, Triangular " ’ Lv
0.8-0.9 1-2 1-2 2-5 Amorphous and pulled V4L VL LV

L: Liquid, V: Vapour

Sl Sl (SLp i 03 gikoa ) OLs Ken slas
L /8 o3gdoes 55 58 55 SV J&s uoman (Y0 JS5)
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.al., 2017a

S R ]
Cel ST Glae&iu SIS 53 250 slaes 5 5,513
5 G SIS s S 555 S5 55 e sl
sl NS adlaie 53 0,8l &y soin o T 1S
Iy odes 25 gle S OVl 5 LSl 555 aul b ol 5o .l
LS 525 5 o) o Dlaliie 4 e 5 b ilectls oo,
2T Ol (gl e 5 i S ¢l

K| n.\.ildg.iﬁ 4.1:-;4 93 > g_,_fwﬁ%

5 0,801 &5, 8) dabae 2xKe 0,000 3 5 go oS s
Olsl 5 456 5 adsl ;855 adlw (0, K0l S5 i)
o 03 b oS 5 oS oSae gl 855 sladlw .

Az Sl sl LSS
LYAS 6AVY 8 55 SVl b 56 (Th) ous - Kea les
Glos 4 a5 U ol 31,8 il a3 YYY . Kke slos
315 Bl a5 —OV/F b =00 oo oS (Tin) olg wopd 453
NaCl ;KCl CaCly g 55 51 3 32 g0 &K gl 3 o
WIY Kl 655 U VA B VWA (o Jlw (658 5 Aiin

el oddidemloes (559 daoyd
S 55 OV (55 5 0a S (sles G315 pl S s
ol oalaplis V4 Jﬁ_,z BY) ¢§_3§45 4 cg‘...fm.?)\f ())lg.w\ 3

.(Yari et al., 2017a) .l

6J}LM)>@@jh@d%sudﬁéﬁfﬂ}cw 5 40



olal il oy

Ol 5 55k OA-

0555 35 adam Il ot 58 55 0l ul bLE Ll
Sl Sl S slacKin 05 405058 s g2l S
5l gl a5 ((Moghaddasi et al., 2019) &L 5 aslbl o
SIS 5 5 Slos g S 4 5 S, Oy AT S5l SIS
);,«fjao‘ypw)ﬁjlyu@uwuﬂ.w‘
S ol § Jsdoue canllan 5550 0 )il 55 ColS
;\;éb a5 YYY wil._.ﬂ sles gyl 3 55 gla xSl
55 o3 WY Sl (6555 LIFA B VYA G sysd s
Q.l_.:au_<.u Sles 9 o oy Jlaslinul L .Cwlon g
o 35 g 5l gad 53 L gad b g -5 55 YL
JS8) ol 0t s )l 03 gds 53 DS Kes Sl
S s g ls g ol (Yari et al,, 2017a) (Y-
S 3 Jmes OT 45 5 esalyl (Wilkinson, 2001)
el 0 B yabia Cilitee sla,LuilS 4 by e (slad b
xﬁf@,lgrw&anw@;;MPL 5 S s
S LS 5 il e Al b J s 0155 0 15 6T 5
oo ol o5 LY s e s oleas 15T Sletiy
e Lol 2 DY 4 5 Mo w53 510508 ol
(Heinrich et al., 1999; Heinrich, 2005) .t 55
I ITSTEI0 B [P PR ENPIRC AP JCH [ WRREH NE NN
L mbe 5l KT OV 5 0l bos Sl 51 2 YL
1355 (Zhang et al., 2014) 1ol o |5 ol ()55
I U (6558 balast ol s 4y (555008 K (sles
L e I 0T daas 5 0l g5 s 457 Sl (615 303 02l
aibste cag gas J&or 035450 .(Bodnar, 1983) 5 5w
das e 0L e 2a Bl e SV B /AL CaadS
A&

Sl plen (5Lad s 3 2 IS SV Ol e ey e i
0,8 5 T s 5 Jast oS J 287 o i ez
L STy ol ol e sl o 125 6L (g 2 35 50
Meinert, )&Wl)g_;ﬁamu)e)lﬁ:&
(1995

Bt 5 a5l S Ol e K B33 4 3 035 555 ()
5 2T 05 o st oS SIS SIS 5 0 0

JSs 5 e grlitn s ol e (63 55 0355 Ois e (¥
lad slows 5555 51 53 40T GLalSlw I (glas gozes
(AT (ool 3 S5 Lol e (ol Los Jlo 555
535 5> sl Sy S o (2T VL 2l
S5 $3 b 035 L aen Ll S 55 o st
el e SLS as seme (Ague, 2002; Ague, 2003)
FIsS 5 Sy oYy Y s £ lisags Al
34 Lot 48 LS SIS oK 3 Y gena
wT e s ol § 518 OT 5 e oYL
S op 3 LS L 345 (Cartwright and Oliver, 1992)
535 S5 ado a y5 aa OddosleT ¢ ST glaeKan L 0T
ol S sla LS g Lyl 5 5 gl
=S 3 5 GV s 8 = 0u3l,aT) 38 o 51T 05
sk aalal el ol al b ailaie o (A 35 5 k)
3L &S 5 LMg Si Fe (gsl 13 sl ge 0islsT 5 LS L
S e RS 5 el il on okt s
i T Sl oedS LS 58 5 s
Gl S laen b glo 8 OV (58 om0 55 s,k T
sed iyl L oSl Bslas g -5 S o Ll e
Karimzadeh Somarin and Moayyed, 2002;)
L .(Karimzadeh Somarin, 2004; Mollai et al., 2009
se3lagy odsssm (S35 5 ey ralS 5, ks Lot
S35 Bl p 3548 T 05 amdS LSl
P30S 5 5 iy dlar Sl kilods ST 0yt
S glas sazma iy iy Las Jbe g oin slad s oee 3555
e S e (sl a0 T Glas Sl
S P e 2 e S Sl 5 S Sl S
T (3l S5l CnSe o ol 3 0k LSS5 (50
35 ot L g1 5 e (plal glres S 4 el

J)é‘b.\.:u\.;@.}{j}j.@‘e:;j)j@6)\5&)&.«:‘))



O

OIS 855 SV 5 s SIS a6 S gl e oo 2

(¥44 JL) F ol VY dx

6

Frequency
-

]

Mean=13 .20

Std. Dev.=0.815

=

N=39

1

0
11.00 12.00 13.00 14.00 15.00 16.00

%% NaCl

—
[ ]

Frequency

-
22

[ T U N

Mean=222_7

Std. Dev.= 23502

N=69

175

Th

CsaMS 0,Kul s (Nach) ,5 55 <Vl 558 5 (Th) s Kea sles gl 5 o8 sn N U
Fig. 19. Frequency histogram of homogenization temperature and salinity of fluid inclusions in Kalate Shab
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Fig. 21. The density of inclusions in the north of Kalateh Shab skarn in g/cm-3 (Bodnar, 1983)
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Introduction

Extensive Eocene-Oligocene magmatic rocks in
the Lut—Sistan region, eastern Iran crop out as a
huge magmatic province (Pang et a., 2013).
Skarnification in Paleocene- Eocene limestones in
the Sistan suture zoneisvery popular (e.g. Nakhaei
et a., 2013; Nakhae et al., 2015; Zarrinkoub et d .,
2011) and the Kalate Shab skarn is one of them.
Geological and geochemical studies and the results
of magnetic measurements in the area of interest
and its applicability in exploration of other
potential iron deposits in the neighboring areas
(Seadat, 2016) are of interest. Metamorphic (the
Siah Kamar Skarn) edge of the Mount Rigi
granitoid intrusion is calcium type (Biabangard et
al., 2015). Thisskarn islocated 105 kilometers east
of Sarbisheh, north of the Kalate Shab village. This
area is a part of 1. 100,000 geologica map of
Mahirud (Guillou et al., 1981), with 60° 31' to 60°
35' longitudes, and 32° 21' to 32° 26' latitudes, in
the southern Khorasan province (Figure 1), and in
the northern part of the Sistan suture zone (Tirrul et
a., 1983) inthe east of Iran. The Sistan suture zone
represents a deformed accretionary prism that was
emplaced during the destruction of a small
Neotethyan ocean basin, referred to as the Sistan
Ocean, which once separated the Lut and Afghan
continental blocks from each other (Tirrul et al.,
1983). Late Cretaceous adakitic granodiorites and
Early Eocene A-type granites have been emplaced

in the suture (Zarrinkoub et al., 2012). This was

followed by widespread Eocene-Oligocene calc-
akaline volcanic activity in the suture zone and to
the west in the Lut block (Pang et a., 2013).
Oligomiocene intrusive and sub volcanic bodies

(Guillou et a., 1981) have intruded into the
sedimentary units and caused skarnification in the
north of the Kalate Shab.

Materials and methods

This study was done based on 140 thin sections, 1
polished section and 5 polished thin sections with
3 XRD anaysis at the University of Birjand
laboratory. 3 samplesfor fluid inclusionshave been
studied in the laboratory of the Payame Noor
University of Mashhad. Microprobe analysis on 4
samples have been done at the Laboratory of Iran
Mineral Processing Research Center.

Results

Intrusive and sub vol canic bodies with composition
of diorite and quartz diorite have intruded into
limestone and have produced Fe skarninthe Kalate
Shab area. Mineralogical evidence suggests two
stages of progressive and  retrograde
metamorphism in the region. Microprobe analysis
of mineralsin the skarn zone showsthat garnetsare
andradite and pyroxene is of diopside
hedenbergite type. Average sdinity and
temperature of fluid based on micro thermometric
data in the Kalate Shab are 13.2 wt% and 222°C,
respectively. Magmatic and meteoric waters
mixing and chemical changes in carbonate host
rock are the main factors for genesis of Fe deposit.

Discussion

An intermediate magma has intruded into the
Paleocene- Eocene limestone, and has caused Fe-
skarnification in the Kalate Shab region. The
intrusive and sub volcanic rocks are diorite, quartz
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diorite, porphyritic quartz diorite and porphyritic
diorite. Skarnification has occurred as exo skarn
with pyroxene, garnet, idocrase, epidote and
magnetite minerals. Pyroxenes are diopside-
hedenbergite type and garnets are andradite based
on EPMA and XRD analyses. Micro thermometric
data in the Kalate Shab skarn show temperatures
ranging from 171 to 286 ° C and salinity from
11.81t0 14.77%. Petrological studies show that the
magnetite formation has occurred in the final stage
of skarnification.
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