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ARTICLE INFO ABSTRACT

Article History The Tangedozdan zinc and lead deposit is located 25 km northeast of
Received: 18 October 2024 Fereydounshahr and in the middle part of the Sanandaj-Sirjan zone. The
Revised: 18 January 2025 rock units from old to new include greenish volcanics, calcareous
Accepted: 20 January 2025 sandstone, crystalline limestone, limestone to dolomitic limestone, and

gray limestone belonging to the Jurassic-Cretaceous and alluviums of
the Holocene time. The limestone to dolomitic limestone unit with
normal contact sits on greenish volcanic and hosts zinc mineralization.

Keyword_s The Zincian-dolomite in this area can be recognized by different
Ggochemlstry amounts of zinc, smaller amounts of lead and, cadmium in its structure.
Mineralogy In the studied area, a set of formed zinc and fewer lead ores, the most
gmﬁﬁsrggﬁéom'te important in the exogenous part are smithsonite, hemimorphite, and
Tangedozdan cerussite, and in the endogenous part are sphalerite and, pyrite.

Performing XRD analysis with the conventional method shows the
presence of dolomite, smithsonite, and sphalerite. By changing the
decomposition conditions, the structure parameters in Zincian-
dolomites increased simultaneously with the amount of zinc, based on
of this, there is a direct relationship between the zinc amount in the
dolomite and the structure parameters. The study of the Zincian-
dolomite sample by differential thermometry method shows the
reduction of endothermic point and the zinc effect substitution in the
dolomite structure. EPMA analysis of Zincian-dolomite samples show

Sanandaj-Sirjan zone

*Corresponding author the substitution of Mg with Zn. Based on this, the replacement of
Seyed Vahid Shahrokhi dolomite by exogenous zincian-dolomite is a part of the mineralization
& vahid.shahrokhi@iau.ac.ir process, and with the progress of zincian-dolomite formation and

dolomitization, it eventually leads to the formation of non-sulfide zinc
minerals such as smithsonite.
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EXTENDED ABSTRACT

Introduction

Based on reproductive indices, the nonsulfide zinc
and lead deposits are divided into two main groups,
endogenous and  exogenous,  mineralogical
characteristics, and geological characteristics
(Hitzman et al., 2003). Non-sulfide zinc minerals,
known as calamine, combine of exogenous zinc
minerals with lead non-sulfide minerals, hydroxide
cherts, and silicates (Boni and Mondillo, 2015; Luke
et al., 2015; Newton, 2013). According to previous
studies, the Tangedozdan zinc and lead deposit with
carbonate host rock of the Mississippi Valley-type
(Delavar et al., 2014) consists of exogenous non-
sulfide zinc minerals (Amiri and Shahrokhi, 2023).
The identification and study of zinc dolomites,
considering their close relationship with non-sulfide
minerals, in addition to the introduction of this
collection, can be effective in broadening the
exploration work and lead to an increase in accuracy
Tangedozdan area in the west of Isfahan province,
10km from Fereydounshahr city and, in the vicinity
of Tangedozdan between longitudes 49°56'30" to
49°57'30" east and latitudes 32°02' to 32°03' north
and, is located in the middle part of the Sanandaj-
Sirjan zone. Rocks in 1/20000 geological map
include volcanic (JKY), sandstone (JK®), crystalline
limestone (C.L.S), limestone to dolomitic limestone
(JK"® and limestone (K*) belonging to the Jurassic-
Cretaceous and the sediments of the Holocene time
(Q*and Q*) the JK" unit is the oldest rock, consisting
of Trachyandesite to andesite volcanic rocks. The
JK'" unit hosts mineral matter and consists of
limestone to thick dolomitic limestone. It is located
east of Tangedozdan with normal contact on the JK"
unit and hosts zinc carbonate mineralization.

Materials and methods

Chemical analysis has been done for 30 samples
taken by ICP-MS method in the laboratory of the Iran
Minerals Research and Processing Center. 10
samples were also analyzed by XRD in the Zarazma
and Binaloud laboratory. Thermal analysis was done
by DTA/TGA in the Iran Minerals Research and
Processing Center laboratory.

To investigate the chemistry of the samples, 36
points were subjected to EPMA analysis in the
Potsdam University Laboratory, Germany.

Result

In the Tangedozdan area, the most important zinc
and lead minerals in the exogenous part are
smithsonite, hemimorphite, and cerussite, and in the
endogenous part sphalerite and to a lesser extent
galena and pyrite.

In the study area, three types of dolomites can be
distinguished based on the color visible in the field.
The first type is dark-colored dolomite. The second
type is yellow to brown, which can be due to the
exogenous oxidation of Fe** in the dolomite structure
(Zabinski, 1980; Motavali et al., 2019; Yang et al.,
2019).

Discussion
Based on these analyses, the main minerals are
dolomite, smithsonite, sphalerite, and pyrite,

secondary minerals are cerusite, hematite, quartz,
barite, calcite, and rare minerals are galena, and
muscovite, illite. Standard dolomite was checked and
identified with cart number 036-0426 and with the
help of Xpert high surplus software. Based on the
Rietveld method in Maud software, two samples
were analyzed and were calculated by the structure a
and c¢ parameters (Monecke et al., 2001). The
selected samples have different amounts of zinc.
Based on this, the lattice parameters a and ¢ in TBA-
14 sample with 2.10% zinc value are respectively
a=4.8092A and c=16.0200A for the TBA-14 sample
with 3.05% zinc value a=4.8130A and ¢=16.0233 A,
and for the TBA-19 sample with 3.56% zinc,
a=4.8170 A and c=16.0310 A were determined,
respectively. The results related to pure calcite and
pure dolomite. The results of differential calorimetry
of two dolomite samples TBA-14 and TBA-19 from
the Tangedozdan area are compared. Sample No.
TBA-14 with 10.2 ppm of zinc element and the
endothermic peak occurred at the approximate
temperature of 503 °C and 595 °C, and a slight
decrease of about 15% can be seen at the beginning
of the peak at the temperature of 126 °C. Also, in the
TBA-19 sample, which mostly contains zinc
dolomite, there are two reactive peaks at 447°C and
509°C, followed by two other reactive peaks at 584°C
and 674°C. Accordingly, increasing the amount of
zinc in the dolomite structure causes a decrease in the
reaction point in the form of a non-linear curve, while
in iron-containing samples such as Ankerite, most of
the reaction curves are linear (Kulp et al., 1951). In
this way and based on this test, the presence of zinc
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in dolomites and the formation of zincian dolomite
in the Tangedozdan area can be seen. To determine
the composition, type, and origin of zinc in the
Tangedozdan area, three samples were selected in
such a way that based on the ICP-MS analysis
performed on the samples, the first type of dolomite
(TBA-15) a zinc content of 82 The second type
dolomite sample (TBA-14) contains 2.10 ppm, and
the third type dolomite zinc sample (TBA-19)
contains 3.56 ppm. The results of the EPMA analysis
show that in the TBA-19 (Zincian-dolomite), in
addition to calcite and dolomite, the amount of zinc
element is higher than the background limit and
indicates the presence of zinc in the dolomite mineral
structure. Based on these studies, three types of
dolomites were detected, according to which the

highest amount is related to Zincian-dolomite in the
TBA-19 sample, followed by TBA-14 and TBA-15
dolomite. In the TBA-16, the ratio of Zn:Mg is from
0.4 to 0.16, while in the TBA-19 Zincian-dolomite
sample, this value varies from 0.39 to 1.04. Based on
the studies, Zincian-dolomite can be identified in the
carbonate part along with zinc and lead non-sulfide
mineralization in the Tangedozdan area. Zincian-
dolomite shows the most distribution along with red
to orange phase 3 dolomites. Based on this, Zincian-
dolomite can be seen in the exogenous phase of the
oxidation zone of the Tangedozdan area. Based on
this, conducting different experiments in this area
indicates the presence of zinc in the dolomite
structure and the formation of zincian dolomite.
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Fig. 3. Field and microscope photographs of Tangedozdan area. A: Disruption of sphalerite masive mineralization by
pyrite and galena veins (Reflected light), B: Presence of dolomite with dissolution veins (V) and carbonate veins with
opaque minerals, C: Field identification of non-sulfide zinc ores using two-component zinc-zap reagent, and D:
transformation of primary dolomite to iron-bearing dolomite and the presence of zincian-dolomite around Zn
mineralization. Abbreviations after Siivola and Schmid (2007) (Gn: Galene, Sp: Sphalerite, Py: Pyrite, Dol: Dolomite,
Op: Opac, Carb: Carbonate).
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Fig. 4. The XRD pattern of one of Tangedozdan area samples
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Table 1. Minerals in the Tangedozdan samples analyzed by XRD method. Abbreviations after Siivola and Schmid (2007).

Sample Major Minor Trace
No.
TD-01 Dol, Sm, Br Cer, Hem, Cal
TD-02 Dol Cer, Hem, Br, Sm Cal, Qtz
TD-03 Dol, Sm Cer, Hem, Br, Cal Ms, Qtz
TD-04 Dol, Sm Cer, Hem, Br Cal, Qtz
TD-05 Dol, Sm, Cer, Hem,Br Cal
TBA-11 Dol, Sph, Cer Gn, Qtz Cal, Qtz, Br
TBA-15 Dol, Gn,Sph Br, Qtz Ms
TBA-14 Dol, Py, Gn, Qtz Sph, Br Ms, 1l
TBA-16 Gn, Dol, Cer, Sph Br, Qtz Py, 1l
TBA-19 Dol, Sm Sph, Qtz, Hem Br
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Fig. 5. The XRD pattern of the Tangedozdan sample after changing the lattice parameters
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Table 2. Lattice parameters of dolomite for the Tangdedozdan samples
Crystallographic parameters
Sample No.  Zn (%)
a(A) c(A)
TBA-15 0.55 4.7900 15.8111
TBA-14 2.10 4.8092 16.0200
TBA-16 3.05 4.8130 16.0233
TBA-19 3.56 4.8170 16.0310
TBA-11 5.00 4.8200 16.0388
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Fig. 6. A: Differential calorimetry curve for pure dolomite, B: Differential calorimetry curve for pure dolomite, C:
Differential calorimetry curve for TBA-14 sample, and D: Differential calorimetry curve for TBA-19 sample
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Table 3. Results of chemical analysis of three samples performed by EPMA method in the Tangedozdan area
(T1=TBA15, T2=TBA14, T3=TBA19)

Point

No. Type Zn Pb Ca Mg Mn Fe Cu Ba Ni Sr Zn/Mg Si  Total
1 T1 0 0 2249 1211 0.10 0 013 012 004 O - 012 3511
2 T1 0 041 2167 1273 0 035 010 0 0.07 0.03 - 0.02 35.38
3 T1 0 0 2327 1226 O 026 012 055 0 0.04 - 0.12 36.62
4 T1 0 0.29 2299 13.07 0.04 0 011 0 010 O -- 0.03 36.63
5 T1 0 0 2244 1234 O 052 0.16 046 0 0.09 -- 0.07 36.07
6 Tl 0 0 2106 1350 024 005 025 O 0 0 - 0.08 35.18
7 T1 0 0.65 2254 1208 008 075 021 O 0 0 - 0.04 36.30
8 T1 0 0 2107 1349 022 066 018 022 0.11 0.12 - 0.02 36.74
9 T2 0.48 0.07 2234 1201 O 051 015 O 0 001 004 001 3562
10 T2 052 025 2005 1301 059 079 012 O 0 0 0.04 003 35.36
11 T2 0.68 0 2129 1271 0.09 041 009 002 © 0 0.05 002 3531
12 T2 075 012 2110 1270 O 113 007 O 0 0 0.06 0.02 35.89
13 T2 089 015 2085 1339 055 .09 011 0 008 O 0.06 0.03 37.00
14 T2 099 0.01 2250 1310 O 035 012 002 0 002 0.07 0.03 3714
15 T2 110 041 2130 1250 009 114 015 O 012 O 0.07 0.06 36.87
16 T2 122 001 2240 1231 O 088 012 0 0 0 0.09 005 36.99
17 T2 142 022 2112 1270 012 0.66 007 O 0 0 010 0.03 36.26
18 T2 165 018 21.01 1341 O 099 008 0 007 O 012 0.09 37.48
19 T2 190 013 2222 1211 O 121 006 O 0 0 0.16 0.04 37.67
20 T3 311 015 2265 8.01 004 005 0 0 0 003 0.39 0 3404
21 T3 351 055 2201 851 001 0 002 O 0 001 041 0.1 3472
22 T3 429 231 2099 749 0.18 0.19 0 001 O 0 060 0.05 3551
23 T3 508 020 2235 892 001 021 0 001 o0 001 060 015 3694
24 T3 532 031 2200 769 0.04 051 0 0 001 001 069 0.04 3593
25 T3 589 239 1965 795 007 049 010 O 0 0 0.74 0 3654
26 T3 6.05 309 208 735 022 007 011 O 0 0 082 0.06 37.80
27 T3 6.65 271 2001 781 001 0.09 0 001 O 0 085 0.01 37.30
28 T3 6.90 249 2065 7.09 008 0.11 0 0 0 001 097 009 3742
29 T3 722 221 2006 748 0.04 0.12 0 0 001 O 096 007 3721
30 T3 765 239 1979 6.89 005 0.07 0 001 o0 001 111 005 3691
31 T3 780 215 2085 636 001 008 010 O 0 0 1.23 0 3725
32 T3 795 259 2001 681 006 011 0 0 0 001 117 0.01 3754
33 T3 799 261 2060 7.08 0.16 0.09 0 0 0 0 1.13 0.1 39.59
34 T3 810 321 19.06 851 0.04 0.10 0 001 O 0 095 018 39.21
35 T3 880 351 1955 811 008 0.13 0 0 0 0 1.08 011 39.74
36 T3 801 277 2098 771 0.09 0.08 O 0 0 0 1.04 014 38.78

Mr* - 2023 0 1232 754 041 207 0 0 0 0 0.19 42.76

DL. - 450 220 289 310 250 250 170 340 300 270 340 ------

DOI: 10.22067/econg.2025.1132

AV

Yooyl AV oo 90 NP F (ool u“”uw")


https://doi.org/10.22067/econg.2025.1132

e 01353655 HLIST 53 Cn gl 95 s § il ST 5 sondt s

AL

ot 53 el e 31 iy (S0 Sl 35 6 g5 i 53
ss—i= ICP-MS 1ilaa o i) slads o0 OV
Sy gn sod 5 g 5ol O open 2 G 525 sbasL0Ls
Losgs (ST 8,0 5 555 as Ll 3l o o il 5 ol
D a5 355m s Sy S 5B Sl a5
s S 4 255 S0 03 S S s 3,
e Sl S S el pland oS 5 oS S

3 55 85555 slacandss Jula TBA-14 £pes 55
Jole TBA-19 & 505 55 5 o5 o Df\/m G /FA 51 GlaopaT)
(53 meis ) i £ 55 S50 3 = 25 Sl 55
2 53 0 S A e a0l g b 05 55 0 S )
Llorkls jarin Cun 53 7 g ol 4 13 50d 53 ¢ pulil 0
e oy 0S5 e g3 pmns 5 &1 b gy o 5liRe o iy oS
g0 55 (Y JS8) ol gl Kol (slacan g5 4 by e
23S Iyl VPG /F GIZNIMY s TBA-16

So3e V0 F G /Y 51 dae ol TBA-LO Coa gl 5 s § 46 300

10
|

20 30

T T T
40

distance

01533885 4l 55 55 paie ske S 4 Con gl 5 S 5 Sleb 4 2 gl 31 Jol Jla ges ¥ S
Fig. 7. The diagram for the results of point analysis and separation of three types of dolomites with the help of zinc assay

in the Tangedozdan area

A STB AN S ) Cl gy B o 4 5K
630 olie 3 (5 palie slls CdST 5 5la0aT (gladtS 5 Hun
54033 /O (55, Olj (1S 5 LS 53 S den Oy
S 55 S g pden 5 AuST 3 la s 2y o o Y B
YU AT 1Ll b3 g ol yle s o cssy ) S ol

Al

ol laan g3 s ,50n 03, Sl s s @ a5 L
SR NG - S Ny S RS IV TR L FO &
Lok o Kl 3 g5 N30T Sl dss dhons 4 ¢ ad po
oS ladslos 51 Sle o5 5 Ul g5 glacan s JSis
LS UV PP ¥ .o (PO PI LW RIS PN
AT ST 5 5 618 LdS S b adsl o 5o

DOI: 10.22067/econg.2025.1132

av

Yooyl AV oo 90 NP F (ool wuw.a)


https://doi.org/10.22067/econg.2025.1132

e 01335688 HL 53 S 3 s 5 (kB S 5 (o 0

AL

1.00 ]

A o

LELY

o.85]
080} Ca

0.75]

0.70] FeZn

o
o
@
=0
=
e

CPS .

0.35
0.30

0.25} FeCa

0.20

015} g

0.10]

0.05}
0.00

B

o 1 2 3 4KV

3 o 7 & 9

C"ﬁ)}"&“‘h‘-;u@lf@)):g” %’)i“'ﬁjg-:‘j.)—d B}Q‘b)b&?L).})‘b&)JC,\Tﬁ}S}:U)KQ}N&im.]pfjoEDSu-:)é.AAﬁ
Siivola and Schmid, ) dwsl 3 Y o 1 (g Laz e 01335685 4>b 43 (Mandarino and Back, 2004) (SM) &g 5&wanl 5 (HM)

(5 5l SM (b 30 con :HM) ol o il (2007

Fig. 8. A: EDS spectrum of a dolomite mineral sample in the Tangedozdan area, and B: Electron microscope image of
hemimorphite (Hm) and smithsonite (Sm) minerals (Mandarino and Back, 2004) in the Tangedozdan area. Abbreviations
after Siivola and Schmid (2007) (Hm: Hemimorphite, Sm:Smithsonite).

5 AT (el o sa sl ol stalie B TBA-19 S
4 lod 4 50 S il o 2Rl (55 slEe Rl L KK
e s SaST s See 09,28 B
5,4+ Ca(Fe,Mn)(CO3). LaMg(COs). LazZn(COs)2
Oljs 13505 ool 5 (BoNI et al.,, 2011) o $ 51 5 ),
Sl QLS Lol g3 ¢ 5t 2 4 by e 2aST L 5 2l 53

()
Yoo b slodipe 5 s s 2w 53 Yl o sie b Sladiped
sy ledi S aze (CAZN(CO3)2) Lls5s) Cooud 5>
s S Wlg o a3 G ol S OO
ool ol s a5 L 45 Bl L g 93 Sy, e
a5 Llwe Jdss 55 g bl (Goldsmith et al., 1962)
Ll LS 5 Do 4 molis e 1
Goldsmith et al., ) Mg>>Mn>Zn>Fe>Co>Ni>>Cu

1962; Goldsmith and Northrup, 1965; Rosenberg,
.(1967

GY Ol s S5y e 5 (58 0509 D30 4 e 93 s 5
o5 s AT ke 5 A3 W/PY B e s 538
5ot o sie il (S5 e Ba sl gs o 5o A
aalol o e peie Sl 4 S35 e oS il b Al e
BV 455y bobnil JolS b il ol & o &m 5 L
S8 S i Jge deoys Ve Lo m G55 Ao ys VY
Con P55 S o o 0l 5 g 235 g JS5 ) S e
b Jlez| 4 .S oo oy g Smenl 5 0l I L
23 Kl § o s ie ()M Qé})%*—“‘drg—x(@‘-‘“

.(Birch, 2007) Jj:i sl S ol S
(g j sl 5 (6 UT (sl j23eia BSE 5 guad 5 SO0k
FBTBA-19 wsai 5 adsl Conlgs 5 CondS (Cslan
C)Li}g))i_jjgyajjﬁlla\ikaqbﬁfduu\;.@\o.uuﬁ
93 s 5 02 5L 6 gl il ¢ JSGS ¢t O e ST 3 oo

33 AT 5 olie 3l (6 polae 5l Sk s bad sad

DOI: 10.22067/econg.2025.1132

\ eJL»Z Vo9 AFF ‘§)Mﬁ| ‘_,ML.:U:U


https://doi.org/10.22067/econg.2025.1132

e 01353655 HLIST 53 Cn gl 95 s § il ST 5 sondt s

CaZn(C03)2

(Fe,Mn)(C03)z

Ca Mé(CO3)2

Boni etal., ) Ca(Fe,Mn)(COs), « CaMg(COs), CaZn(COz)2 _ike 51 505 55 1355685 b s e 95 Calides GlaS 5 A D

(2011

Fig. 9. Different compositions of dolomite of Tangedozdan area in the triangular diagram of CaZn(COs3),, CaMg(COs3)a,

Ca(Fe,Mn)(CO3),. (Boni et al., 2011)

3y 355 p gl il 2150k 5k &bl 3 8 8513 L 5 4l
p semil ol 5l d2e .(Vandeginste et al., 2013) was o Cns
LA mOlKg sl dge Glojl> slasl,S s
o Adine slaly S 55 s Milliman, 1974) v+« »mg/kg
Rao and Amini, 1995; Rao ).+ +mg/kg & \#+ -mg/kg
22 ¢ gl sl Ol o ¢ ol 5]y .l (and Adabi, 1992
S e 5T a5t 4 03 5 by 013356855 4 b ol S
T A V"1
553 N OT e 5 4 dls 5 b s 93 ey 5
2l 3 Ll todd oy s e 93 s § 53 )l jeaie ) o0
S da 5 5 L 5,5 oS Hldae b s ol g balge
el 4 83
SLS 5 Con Jsd s coddiplnil Sla oy 2 ol

01353685 a4l v 5 S35 S oo b (55l S5 Lol o

SR 5 e A5 (6 sl alie Al ulal oyl
S SIS 5 T sy S asles 6 s —olie
O g o (5 i (5 p) ESGST 358 o0 e (55ILL
4 S (6 i OILE AT (YL ol b gl 53 o5
5 SRaleST 5o 5 disls o sie VL Solie b sladae sl o
ol 3l 55 et 3 i 53 s pa T i AT
@15 53 Aul B a5 ol ol dST 5 05 les e
S5 pr G AT Slacandss cplad pl gy 358 o0 e
ol O Jpder 3 S oo Ll s gl g3 pnts 5 S5 5
Wlokds 518 55 ke 5 025l tp gl il ilen 55 6 K0
o:ﬁa@:ﬁﬁbﬁjz‘frﬂ\fu\)\gblf@lfg
508 T e &G g g slacanlss 53 (53,050 )3 Lai
35 o i ST e LI ol s 51 S Y

Mol (S s C ST s 5l l300s unlp b

DOI: 10.22067/econg.2025.1132

aq

Yooyl AV oo 90 NP F (ool wuw.a)


https://doi.org/10.22067/econg.2025.1132

e 01353655 HLIST 53 Cn gl 95 s § (ol ST 5 sendt s

c,.:ﬁjl):z'}s cplidas o QLY 1 iUl 5e 8 sals s
S, 55y Sdms o3le HLST 5 Calides sl t3e 55
SbGes 55 0T j s Jlazl 5039 odalive B ol Sl
dal g 4 o 5 b s T 193 (3l ST L ol jar 35 b
sl ¢ o LSl dlgy 53 o gl 93 s § 315 5 03 55 90
IS glas aimad ol OT (630305 0 ol Kl
Al (b s OV los 4 dily AN o g5 s
el iy slaalS ST s sl
Canslg (b3l il ooy (sl B (b Can sl g s 5
26l e maie G Bl @l 53 S e by
Aol 3 s e 3 iy 5 S5 g bl
well o i e Sl 4 (S s ol il B N5 e
SIS ool Jal5 5 5b 4 p il pl 48 a0 5
St o ol Sl g b e S5 ) e Gl S
ez 4l (0 O gy S g iilammsl 50l HILLE S gl 9
KI5 oo o2 e i (S5 MAn 5ol S5 o8 4 3L 5
SlodeT s 4 slaosls wlil 3, K gl SIS ol &K s
2 650 Ot Al 31 L STl 55y il s
Gl e Rl 55 IS laddl o e I gn )
A3 /0 S5y U L Cn gl s 53 s ol S5, 50
Syl 1y HlAe o s s 93 pmnis 5 53 5 o eS (slyls
b Con 53 405 53 (555 Ol e o praions Al OT sl S
Sy ol el SU LG 1A claad 5o
0369y Ol Sl bl e wles Sy, a a.LJﬁ:,-Jl
e JSb a4 (1Sl y b alS o e e gl sl L
Aslen HaoaT glaas s 534S Sl j3 35 b o s 6
(ol opl i s (28T gl e CAET oy ST
5 8l 8 Al 2l ediasOLL e g 93 s 4 305 (e
oS s il Coa s sl s g il Sl
33l s g b S 53 pmeis 5 (2 e (bo b

QT&:_‘:AJAC‘”AJK}L}AT‘%)—“J)‘“@)LS)JJ—“&

Aol gl g b g Loy 2l el oSl i B
s dasOLis o LuS alg 53 Cove g 93 s § SIS 5 3 9 50
oo 53 s 3 St (los il 0T 6 g oKl
oBin 4 (Sa5lpm iyl b (b 5 ol g i (sl 4 il
S 53 it 3 35 on S Sl Sl ST LS
s g G 93 Sl il sy syl 3 S b

S 7S polie 5 5o, paie (gl ) gui b e gl e
)I.Ji»ufll.:}i@ubu&no-\/&ri)siaﬁskf}w-\/cgﬂjl
S35 it oS p3lin b oy & i 38n 5 8T juslie
Al das o Ol |y (Gl i e Hlide Lol ol b S
23 el (Sl i 15 ESG Ce 53 ety K23
PRIV Ll WG S T PR W - I GG PG P
JolS ol 0T donits 457 Cal ;8 — T glae S|
Wl g 5l Lo 7 a9

5B Olon K 3 0T il 5 Con 33 3 S
ba,ls o) Gl s b b SIS LS ps g 5 L6
Lol ot Con g3 s § 53 (S50 i polie ST Cbils a5
5 Cdyseean Liler il s b Gla SIS )3 (5, e
S3\p B b SlRe ol adl 47 5 5 o alnn Sl 55 e
25 ol e (9316 b dlons Lo n ol (Sas 5 o
a5 350 Gl g 1 (65 SLaLLST SLAST 5o b el
355 et SLlS Sle 55T 55 Lol 53 oledl 4 65,8 13
S Ol s A5 gn Cn 93§ s S5 b
s el Y ol iy 35 e e LS LIS
27 2250 595 Gkl g b S LS 53 blan g5 s
35 S S Bl oo ¢ 83 28 Ol jn o 33,5 513

S5 4o
Q\;j;df_‘s Odas sl Jiw aled 53 51505 @);:Mj

L oolas 1) (SauST, o mtn okl s 6305 55>

DOI: 10.22067/econg.2025.1132

Yooyl AV oo 90 NP F (ool u“”uw")


https://doi.org/10.22067/econg.2025.1132

e 01353655 HLIST 53 Cn gl 95 s § il ST 5 sondt s

A

3 2o Aolen s ole 5l 555 Candss 8Kt 53 5 g sm
0334 e (@135 e g Al B a5 0l ol S
OT il 5 o 3 i b e ) 1 coddO0ly 5 50
s el (O e S s

LS Bl s ol

22 e SIS Ol s Ll 5 e 5 Ao ) Gl s 8
,lmé\,)b.gfjt;@,:;mwéujulfgt_xﬂ
S S 53 Sy SRe ol o c s J30pns 5 53 (S5 aie
taloes S j a5 Cod) s g0 Aiilon (Gl 2
e el S (555 Sk Ol oo Slailons 3wl 355 o
S S 3 s e Lol jan Coe g3 s 5 53 555 0L
035 S031 4 JB b a5 L4 555 alone (Gl o 8
S5 895 0k 3l 8 dmls o go Ll g 0 0S5 HlRe
Octas e auloms )3 ol 85557 50T waz 5 Ll aS

35 (5,8 S

Ko o)l
Wl oDl O iy 5 o 5 mdle 55 65

1. XRD: X-ray diffraction

2. EPMA: Electron probe micro-analyzer

3. EDS: Energy-dispersive X-ray spectroscopy
4. BSE: Back-scattered Electron Detector

5. ICP-MS: Inductively coupled plasma mass spectrometry
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6. DTA-TGA: Differential Thermal Analysis-Thermal Gravimetric Analysis
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