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Abstract

In excavation of the tepe Zaghe the Dam 4-karun,were found different metal objects
from middle-Illam.In this article four metal earrings was studies experimental and
analytical. For this purpose use of electron microscopy (SEM-EDS) to identify alloy
combination and also microstructure of manufacturing and use of X-ray radiography
and Optical Microscopy (OM) to identify construction method and shaping objects.
Chemical analysis result show that they made from brass, pure copper, bronze and
silver. Microscopic studies showed that the microstructure of the samples including of
metallic matrix with sulfide inclusions and lead cells. Brass earrings mading is in the
cycle of cold and annealing work and final step in shaping is also cold method. Copper
and silver earrings are made in alternating cycles of hammering and molding. In the
bronze earrings, the presence of dendrites also indicates made from casting method.
Also Energy Dispersive X-ray Spectroscopy (XRD), electron microscope (SEM-
EDS) and Optical Microscopy (OM) used to identify layers formed. The phenomenon
found in the all samples is oxidation. In The copper corrosion samples Copperite and
Malachite. Also in the silver sample corrosionlayer, the amount of chlorine and oxygen
was increased that made to silver oxide or acanthite.
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Introduction

According to archaeological findings the use of metals in the plateau of Iran and other
neighboring areas expands significantly in the second millennium BC. At the end of the
second millennium and the beginning of the first millennium BC, using of the metals
such as bronze, iron, gold, and silver was common in Iran to making metal objects with
different uses.

The catchment area of Karun Dam 4 has been subjected to archeological investigation
in 2015 so many hills and sites were discovered belonging to the prehistoric, historical
and Islamic eras. One of the important works of the dam lake area is the k4-4 area
under the ammunition slum, which was explored during to the 1387 and 1388 in two
seasons. numerous bronze objects were discovered, that are mainly ornaments. In this
research, she studied the technology and pathology of four earrings, including two small
hoop earrings, one wide hoop earring, and one pendant earring. The discovery and
study of this collection in terms of belonging to small groups (because the uncovered
architectural findings show parts of a small village probably it,s a season that housed
a small population of nomadic Elamites) and in the oher words, the normal and very
influential society of the Middle Elam period. That have less known to exploreing is
important. Considering that no independent research has been done on the knowledge
of the technology of the metals explored in this province, and most of the investigations
are archaeological research, structural study and identification of the composition
of the alloy and elements in the microstructure, technology and identification of the
manufacturing and objects forming. Objects, pathology and identification of the layers
formed on exposed objects by relying on instrumental and laboratory methods can
identify a part of the culture and art of the nomadic tribes of the region for us and
multiply the importance of studying and protecting historical-cultural artifacts. On the
other hand, graves and the objects inside them can be considered as a living image of
special moments in the life of past societies, which provides valuable information in
the fields of chronology, ethnography, anthropology, social and economic relations, and
social classes (Talaee 2011).

In order to reach to the above mentioned goals, two main questions 1 - elemental
composition, type of alloy and how to make the four earrings in question 2 - the process
of destruction and corrosion in the mentioned objects including two small hoop earrings,
a wide hoop earring and a hanging earring are raised and In the process of this research,

the effort was to reach an answer for them based on the studies conducted.

Identified Traces

Most of the studies in the catchment area of Karun Dam4 are limited to archaeological
studies. This area was investigated by Aliasghar Noruzi, a member of the faculty of
the Research Institute of Archaeology, during which many hills and areas belonging

to prehistoric, historical and Islamic eras were discovered in 2015. In this survey of
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the ancient site of the slum, the most important site identified in the catchment area of
Karun Dam 4 was introduced, and based on the additional investigations, this site has
been expanded nearly one hectare. The excavations of the first chapter were carried out
in 13 workshops and 16 boreholes in 12000 m2 areas, that has very significant results.
The width of the area, the value and historical-cultural significance of the unearthed
immovable works also made the second chapter of the archaeological excavations of the
slum area in 2018, in accordance with the dispersion of the works and in order to further
study of the historical-cultural remains in the concentrated parts.Brief reasherches have
been done to Regarding the anthropology of the mentioned region and the archaeological
evidences of the Elam period in the upper Karun basin, which cannot be mentioned due
to the limited space (Norouzi, 2007). Different studies done by many domestic and
foreign researchers technological and pathological it has been done on metal objects
with different methods that has different results.

As it was said in spite of that there have been studies about the metal works of
different ancient sites, but few studies have been done for the works of this ancient site,

that are archeological mainly and for this reason doubles research is necessaly.

Conclusion

The composition of the metal/alloy used in sample K4-01 brass, sample k4-02 copper,
sample k4-03 bronze and sample K4-04 silver was detected. The Sample K4-01 was
made in a cycle of cold work and annealing, samples K4-02 and K4-04 were made
by hot hammering or cold hammering with turning, and sample K4-03 was made by
casting method. Is.

Corrosion of cuprite and malachite is well known in the samples K4-01 and K4-
03. In sample K4-02 brocanthite in sample k4-04 acanthite and chloraragyrite can be
detected.

The corrosion layer in the samples includes copper corrosion products along with
soil compounds. In sample K4-02, intragranular corrosion and intergranular corrosion
were also observed and the surface of the sample was covered with warts. Also, there
are cracks on the surface of sample K4-03 due to corrosion and environmental pressure.

The phenomenon that happened in all samples is oxidation. In the samples made of
copper, the amount of copper in the corrosion layer is less than of the alloy, and elements
such as oxygen, chlorine, and elements related to soil have allocated a significant part of
the composition of the corrosion layers. In the corrosion layer of the silver object, silver

oxide is formed by increasing the amount of chlorine and oxygen.
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Fig. 4-6: A) Workshop map. B) Exposed pottery. C) Exposed metal objects (Noruzi, 2015).
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Table 1: Matching objects with similar samples (Authors, 2018).
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Table 1: Matching objects with similar samples, A) K4-01, B) K4-02, C) K4-03, D) K4-04 (Authors, 2018).
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Table 2: Results of SEM-EDS analysis of samples by weight percentage (wt) (Authors, 2018).

diges oS Cu Sn As Pb Fe Sb Ag S Cl Au Zn

K4-01 |84/76 | 1/46 | 0/02 1/27 | 0/00 | 0/40 | 0/00 | 0/00 | 0/10 1/49 | 18/40
K4-02 |94/22 | 0/60 | 0/70 | 0/00 | 0/00 | 0/00 | 0/22 | 0/31 0/00 | 3/94 | 0/02
K4-03 | 88/04 | 6/68 1/44 | 0/94 | 0/00 | 0/00 | 0/00 | 0/20 | 0/01 2/35 | 0/34
K4-04 | 2/50 | 0/05 | 0/59 | 0/00 | 0/01 0/00 {94/27 | 0/00 | 0/00 | 2/54 | 0/02
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Fig. 8: Optical microscope microstructure of samples before engraving. A: K4-01, B: K4-02, C: K4-03, D: K4-04
(Authors, 2018).
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Fig. 9: Metallography of samples; A) K4-01, B) K4-02, C) K4-03, D) K4-04 (Authors, 2018).
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Table 3: The results of SEM-EDS analysis of the inclusions of the Karun 4 metal sample based on weight
percentage (Authors, 2018).
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Fig. 10: SEM-BSE microscopic images of inclusions in the structure of Caron 4 samples. Analyzes A are gray
inclusions, analysis B are black inclusions, and analysis C are white dots. Samples from right to left and from top
to bottom include: sample K4-01 (a and b), sample K4-02 (c and c), sample K4-03 (e), sample K4-04 (f), (Authors,
2018).
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Fig. 11: Polarized microscopic image of sample K4-01, right (light field) left (dark field) (Authors, 2018).
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Fig. 11: Polarized microscopic image of sample K4-01, right (light field) left (dark field) (Authors, 2018).
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Fig. 13: Polarized microscopic image of sample K4-03, right (light field) left (dark field) (Authors, 2018).
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Fig. 14: Polarized microscopic image of sample K4-04, right (light field) left (dark field) (Authors, 2018).
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Fig. 15: SEM-BSE image of the samples of the analyzed regions, from right to left and from the top, respectively
Down: Sample A (K4-01), Sample B (K4-02), Sample C (K4-03), Sample D (K4-04) (Authors, 2018).
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Table 4. Results of SEM-EDS analysis of corrosion layers of Caron 4 enclosure samples based on weight percentage

(Authors, 2018).
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Fig. 16: The graph resulting from the analysis of the samples. A: K4-01, B: K4-02, C: K4-03, D: K4-04 (Authors,
2018).
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Table 5: Products obtained from XRD analysis of sample K4-01 & K4-02 (Authors, 2018).
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Table 6: Products obtained from XRD analysis of K4-03 and K4-04 samples (Authors, 2018).
Li C d PDF Line Compoun PDF
Color Name Formula Number Calor d Name Formula Number
o Chlarrsmts, J— m Copper, Cu .
£l el am
Silverr IT sym = Eo AT [ Caleite, CaCo. B
o an A
am
Copper, 5m Cu (FondrE Quartz, D, P,
i
m Caleite, g CaCo, [y _
m Cuprite, Cuwl Y
o Creartz, 5ym 5i0, FEo1fE 8
P Cw(CO0
Lcapthite AgzS T | \'EJ:EHE H), o Froyra.
Halits, sy el - TA |ﬂ| r— a0, .
nm

olitnl oyt pgieagll Cogrunilimsgu 51392 0000,55 ol Cogllae s jyam 45 Ll 3l Iy
il (g A AS Wi

390 sl (BlS3Mlie g SEM-EDS Ul plowl g (5105905 1By (5l 09390
Lol 3l oleiy slala 5l 5 5 cubld 39008 Sja cpgody 393 ¢ a5’ o caond 5 gy
d9xaS (25 (3l s o)y glasas 50 31 ol oy slaais 4 aS ol 15 4008
s LaxST SIST basgs (S5 (g5l igize 4o 5 9,50 gy <500

L 2l g sl yplaiods gLl coye g cbslis lilas plashjl gy 3 ol Sl
baimd iy SY 5 1 KA-04 e )50, s Jlasl oosiasl 53 ¥ o L B72 gl
Olyie s g 5l g bl iobgy ool 45w oolaul (lizs pLids (ilgbe g
Caglin §1 o9 gyl9dS5 oAb JyisS Ll 55 o dnolin 5 A8 so s Labloee AY S
TR c(gy80) 4 Sl 1395 (sloyds 5055 sy s (s



m)\iw\&o\zﬂ\ga\d\hﬁl \SY |

42 5 ity A oz bledsS e (510450 jplateds 1 Bl Sy
ol pi¥ sbon) yup cdslis e (6y0las 350] ccnpe 5 cbblas cldos jLS)0 uyug 0
odyglpld (cim clils (S5 5l cnlon cm (315 )T 05000 09 g0 LS 4SS ey
ol it 5 0iS Ll dsgy Ly dxis 3LsT _S5y9 (gl j1iSTy 45 lases basly

Pl 51 g dian lin s byl )3 (8365 bloday adllaesyge ;LT g 9oy
ol 6o (S8 e ol JpS ol (6)0455 ez doje rdsl 5 3510595 (29>
Sl jloolatawl .ol Z¥Y-¥F o Jasdyae sl (gl 0)lusbow] aaws cosgby duop JBlas 4
gz 3l ooliusl 55 9 bloyS g 13y gloy itmnsus «(J§ Waows wiilo) et )LiS)o cpghoy 3L
el cslio 030 Lo o gl JpuS Bua L lon doges

o2 cope sliad jo st s cagby JpuS s A ablKel dgag pis L da g b
o 3 ol 900 (Slavdunn 13 uaw § 0l Al (490 g (L3l > ol yugs Lol
25le S5 Slye L olyam ol Ly (slodansS Uy oyl 5 clivaliioes cblits cpmlinl L
21 0 b glaal g 5l ol )Lsu 3585 51 g 00y (6255,5 cmslio slgo L S 0550
S oo Mot )18 (2l (sl 48 (s0le aSS aeliate B 055 51 iz o 0058 (Sl
L aolo e ;3T 0550 90 50 dscdl sl Ko ¥y b 5 pgainagll et ( Wi oSl sl L
o3l (¥ oSy Lol 51 0ls3 oo ol oyl 31 ol (gl bl e (poled 3 (g
1y oeeg S3gmo is] ccdpun cpgi y910)d L5 wbl 5 ol wmmsns 4 320 b (yyig 3,5
A las

5355 JpiiS 5 03l (slams] o) dslale 5 plate jodods dob (g3l slos] ol
F50 3 Oliabl L o gy dsdo yoe 8L 0LL iz en (S guae S0y
Dgd e cenge g cslis oIS A s Lo @ygunyd 9 ol Jas

SEM- (gyais 3 )bl eolinwl b e¥lgn ool cd b yo asdylSay 5L 518 oSy g 2l 5
K4- 45905 o K4-02 5905 <z SLITKA-01 &5905 ¢ poluwl cpuatrys 4 001> auseis EDS
b 0310 e 0,5 K4-04 85905 5 & pie (slod U gl 5 Lo (S350 50103

sla JBTK4-03 5 K4-01 dges g9y, otiplool 3 LT ol )0 (ooSwsSue clalllas
ol (ayw A0S De g Buimd Lias K4-03 5 K4-02 5903 (59yy- 5 (s ublgmw

] ST s )15 glasyn 50 et s Lo , S0l KA-01 dgas 51 81, Syllie ,sslas
O e eSSt Ao T a8 ol 51 (ST Lol iams o (580 bglass joian acl
350 K4-02 40405 5l Lusjy 30 (oolBg0 bglas g 3ume yo ks (cl)ld (sladily .ol 0590 0pu
Ugad ol o el o (L ooy 0y (1S L )5 ()8 1Ss gy 98
Sy GBS Ly 25 ()88 by, 5l eolinasl L KA-04 & 5a5 5 (5, Sz by, 40 K4-03
SIS ciS plgi o Lol g coinys 4o a5 b el oty s Lo () SO L olyon
31 o 9 00b g 85 Ages (ol e Blyyd sl 0395 0L (b (b (S9y AxBS 90
el oas plowl ol 69y (OB L olyed (5 iSs (oS Gliue



| ‘;Y‘ | 1S g SUy

S0 2929 cdtly ;0 Kd-d Ay cladiges (5555 c¥guame bl golis 4 azgs by
Ké- 9 K4-01 (sladigs ) opig) jruw Sy (25 Wlo (S5 9 (sl 0903308 Syu (ipesS
el ot olwlid 35 cslSyy La oyl jsogile K4-02 dges 40 .ol astie gs 4 03
ol (gloyl 1S5 A ol LS 5l oIS 5 oS TKA-04 Lgas )0 0t iyl LS

Sl g 9090 oyl Ao adllandyse (sladiges (Lol o oy satioloml (S35 slaad
Il 15130 48 el S LSy L olyad o (5355 c¥puao Jolis ¥ ol (S 48
30 Cguwy 9 S 53 09290 10 b o) S5 5 oy 40 (318 led Lo 993 31 o YL« yues
sdnline 3.5 (gldslnp0 9 (s1A51dygy0 (S0y93 KA-02 dge5 53 .coml iy JuSKis 38 pedaao o
ol 48818 il LS5 501y dged g ccowl dSges JB 10 40 (Soyen dgas 3l L a8 as
el b jLid g (Soye5 5l b 48 dgp e (e S)5 K4-03 & 405 prlas 0 i o

4 G ot 50 < S255 Y )0 Um0 LS e 3l st b (sladigas sy
nS] Olsso 55 (SEM-EDS) oS 3JUT oluslys 0,15 4355 s Ltnls’ g316 usyilo
13 S5 63 Sy el OrsmanligunST LT 1o 00Lidl BlisT Sy 5 consl azsly il s
S lise 5 035 s (53555 A 0 ] S Wlo 5 aryrsS XRD 50U ol L digas !
el o el lan L 0,55 duaS] oLl ds ymeie 4 sl azdly olidl S g

)/l
Sl s> dtdty 5 iSulis dabld il eils 5l aSusly e pi¥ 095 Buiun s 0L )
Woles (510,08 allie e 4o iy 599y 9 dguks

OB L g C& line uoyd
s3lie Olgisds (539)95 yiol e 5 Laial) (lgieds pgd butinss (Stmghy lgieds Jgl iy
Slaaly ads i o, 56 )0

&8l dLias
A5l o el |y adlie olias 3gu o gl )l 5o i B cule) et B g

aluls

P o&&jb .Q\J}é@‘o\ o )3 LS.)'YB &5_;70.)\..) )\_:;\ e .(\YJAQ) cLab)J.ﬁA} c\)).éom -

dallae) .(WAD) chazto ¢(ggiaipe g tdnel ¢ Ldge Glodguw o olywdroguoolo dums -
V(S5 (oo diae g pode aaldad (oS (U 33 pliysS Sliwl slag e 5 (S5
SA-AY

aloilos ol N5 DAmadosms 33 s (998 (TAY) Livydasee < gpuials
o) il st pls Lalate s SLIT (gladoo (clo Bloins e Lus 3y 5 gl L
DOIL: 10.22084/nbsh.2018.11815 .AB-VF 1Y oy (ool iy (i fodass

o :C)I)'QJ h\).m)\o.w_: ds\ sb)\')jh 3o U\)-’\ py gs“"\“"u\"'“’\" OYYY) oy cu_":ﬁb -



M)\g@\biao\;m\g&\.d\hn| \S¥ |

VFe—Aoo 390n) ol yalpac 13 b33 clbogis § yeaw) OYAY) ¢y o b -
AVYIAY DS 9 18T (yrs o8ails Sludlpgle g o) a8adls aldors L((po

ladegae ;o blis bulys g Soyes  wlibesy, Judoo) (YY) el ¢ ibogs -
el Cape (65383 Ay (5395 — bausro— b it 1 35505 b (glas 5l ool cowddy £4h0
(odis e oyl yim o851

Jpl (;.))95 wuL.wc_,oU))) .(WY9.) 3292 ‘u"lﬁ‘) 9 fdewoduw cu_pLolu,uo‘ ‘Ml ¢u_~ul.’.>5£- -
§ Cnys a3y (lwied aicdn Lyde sl jo (1) yue 3 0NE o s Syl slag yhe
DOR: 20.1001.1.23453850.1390.1.1.7.5 .A¥ =AY :A c\yo\ (gy\ao
APY-VF Y (ol oy SWas Ll S bl alpas dbgme 200 el
https://doi.org/10.22059/jarcs.2016.59499
ol swo\.u.u\: 3 GA& Lg\_!b A_Abu b)_g)\g uﬁn Q».u\.o.m O=R9 9 Q_As\ <N\ sb\}._x)gf
S ol i

P> ()R Ty) Slorl g oy 9 Bla> 7, b il .(WWAY) copgato « gy o -
(oduispiiie) oylpdol yim ol8isld

(¥ Og)lf Jow )_A.ij 539\)._71.0 L;wl.w.:ul.\.wb e u’b)l}_f» .(WYAD) ‘)_x.o'u,l; $539y9 —
(oS pitio) (saolid bl 2.8 ip iy Sl 3Sye 1 )ly05

aely oliwb dbgse wlis yliwb (5glS Jgl Juad [iyl58) LOYAY) il e < 559595 —
(DMM) L;wl.w:ul.w:b ém”) .)L_M)‘)S).o U‘)—er’

.((4.6‘} u.)Lwl.: :\_\099@ L;A»LM»ULU»L» u»ﬁlf £9d J..aﬁ ui’:)l}f» .(Y\YAAN) c)xolés 839 —
(ol piitin) (eawlids oyl 808 g5 Sl 330 2yl ya5
DOI: 10.29252/ AV =¥o 1 o (s W . So)li o318 )BT 18 dalllas ;o Soy65
jra.1.1.17

u_>u)l.~ )LJ cblas 9 u_f\))? (eoa—) .(YY40) cLM_w (ydS g fglwyy cu_‘»)bw.u -
https:/sid.ir/ o5 6Bas1d conid 80SCE51D (gl (635308 (cousis o (ypiomSS (o po
paper/862780/fa

9 )L.JT dllasy .(YYa0) c.L._w)B cw_h.\ﬁu_,‘g).:‘ 9 fL.b)u\W c\)).éo\.\.i_&.ig sadble ‘U_Q(UIJ_, -
et 055 ) osalnnsty sLasSill soypn Aiges ol 2o o3 sLingSill Lo oy
https://doi.org/10.22059/jarcs.2016.59502 .V AN=YeF )Y ¢ sl Yoty \sas (0Ll yns

- Akinfiev, N. N. & Zotov, AV., (2016). “Solubility of chlorargyrite in water: New
experimental data and apredictive modelvalid for a wide rang if temperatures (273-
873K) and water densities(0.01-1g.cm-3)”. Geochimica et Cosmochica Acta, 178: 178-
19. https://doi.org/10.1016/j.gca.2016.01.027

- Bakhshandefard, H. R., (2010). Investigating the metalworks historical in
restoration. Publications: Isfahan Art University, First edition (in Persian).

- Constantinides, I. & Adriaens, A., (2002). “Surface characterization of artificial



| vs0 | roln 9 Sy

corrosion layers on copper alloy reference materials”. Applied Surface Science, 189:
90-101. https://doi.org/10.1016/S0169-4332(02)00005-3

- Costello, S., (2005). “An investigation of early Chines mirrors at the Harvard
University Art”. Harvard University Art, ANAGPIC: 1-15.

- Hosseini Panah, S., Oudbashi, O., Mortazavi, M., (2015). “Corrosion study in
ancient bronzes of Tol Talesh cemetery, Gilan”. Corrosion Science and Engineering
Quarterly, 11: 83-69 (In Persian).

- Khalatbari, M., (2013). Ancient exploration in Talash sites. Cultural Heritage
Organization of the country (in Persian).

-Moghri, M., (2012). “ Master's thesis with the title of presentation of the conservation
and restoration plan of the silver shrine (fourth shrine) of the Holy Shrine of Hazrat
Reza located in the Qods Razavi Museum”. Isfahan university of art (In Persian).

-Mortazavi, M., (2013). “Tracing the manufacturing technology in the microstructures
of historical metal works. Selected articles of the first and second national conference
on the use of scientific analysis in archeology”. Islamic Art University of Tabriz (In
Persian).

- Mortazavi, M., Salehi Kakhki, A., Golozar, M. & Talai, H., (2011). “Preliminary
Metallurgical investigation of Copper-Based artifacts at Tepe Sagzabade in Ghazvin
plain, Iran (1500-800BC)”. Iranian Journal of Archaeological Studies, 1 (2): 49-59

- Naimi Tarai, P. & Khadir, Sh., (2015). “Corrosion chemistry and preservation of
historical bronze monuments”. The first applied chemistry seminar of Iran, Faculty of
Chemistry, Tabriz University. https://sid.ir/paper/862780/fa (In Persian).

- Naimi Tarai, P., Vatandoost, R., (2014). “The importance of analyzing corrosion
layers in the technical study of historical metal artifacts”. Archeological studies. 1: 17-
30. DOI: 10.29252/jra.1.1.17 (In Persian).

- Noruzi, A. A., (2017). “Report of the first chapter of the archaeological excavation
ofthe ancient site of Zagheh”. Tehran: Archives of the Research Institute of Archacology
(Unpublished), (in Persian).

- Noruzi, A. A., (2006). “Archeological investigation report of Karun Dam catchment
area 4”. Archives of the General Directorate of Cultural Heritage, Handicrafts and
Tourism of Shahrekord (Unpublished), (in Persian).

- Noruzi, A. A., (2018). “Report of the second chapter of the archaeological
excavation of the ancient site of the slum”. Tehran: Archives of the Research Institute of
Archaeology (Unpublished), (in Persian)

- Odbashi, O., Hasanpour, A., (2015). “Laboratory studies on alloy and microstructure
of bronze objects in Babajilan Iron Age area of Lorestan”. Archaeological researches of
Iran. https://doi.org/10.22059/jarcs.2016.59499 (In Persian).

- Oudbashi, O., Mortazavi, M. (2011). “Some Aspects of Heat Treatment in Ancient
and Historic Copper Alloy Artefacts”. International Conference on Materials Heat
Treatment.



m)\iw\&;o\‘;»\g&\d\!aal \S§ |

- Oudbashi, O., Amin Emami, S. M. & Davami, P., (2012). “Bronze in Archaeology:
A Review of the Archacometallurgy of Bronze in Ancient Iran”. In: Copper alloys —
early applications and current performance-enhancing processes. ed. L. Collini: 153-
178 Rijeka: In Tech 2012. doi.org/10.5772/32687.

- Oudbashi, O. & Mortazavi, M., (2011). “Some Aspects of Heat Treatment in
Ancient and Historic Copper Alloy Artefacts”. International Conference on Materials
Heat Treatment.

- Oudbashi, O., (2013). “Corrosion morphology analysis and protective conditions in
bronze collections obtained from drilling focusing on the metal-environment-corrosion
system”. PhD Thesis, Isfahan University of Arts (In Persian).

- Oudbashi, O., Aligol, D., Mishmastnehi, M. & Barnoos, V., (2018). “The
Elamitemetalworkers: multianalytical study on copper objects”. Archaeological and
Anthropological Sciences, 11: 2059-2072. DOI: 10.1007/s12520-018-0636-4

- Oudbashi, O., Aligol, D., Mishmastnehi, M. & Barnoos, V., (2019). “The
Elamitemetalworkers: multianalytical study on copper objects”. Archaeological and
Anthropological Sciences, 11: 2059-2072. DOI: 10.1007/s12520-018-0636-4

- Oudbashi, O., Amin Emami, S. M., Malekzadeh, M., Hassanpour, A. & Davami,
P., (2013). “Archaeometallurgical studies vessels from Sangtarashan, Lurestan,w- Iran”.
Iranica Antiqua, XLVIII: 147-174. DOI:10.2143/1A.48.0.2184698

- Oudbashi, O., Emami, M. & Davami, P., (2017). “Corrosion morphology in
historical bronzes: analysis of copper removal process in Haft Tepe bronze objects
of Khuzestan”. Journal of restoration and architecture of Iran, 1 (1): 83-95. DOR:
20.1001.1.23453850.1390.1.1.7.5 (In Persian).

- Oudbashi, O., Emami, S M., & Davami, P., (2012). “Bronze in Archaeology: A
Review of the Archaecometallurgy of Bronze in Ancient Iran. In: Copper alloys — early
applications and current performance-enhancing processes”. 1390.1.1.7.5.2345385.1.1.
1.20 (In Persian).

- Oudbashi, O., Emami, S. M., Malekzadeh, M., Hassanpour, A. & Davami, P.,
(2013). “Archacometallurgical studies vessels from Sangtarashan, Lurestan,w- Iran”,
Iranica Antiqua, XLVIII: 147-174

- Robbiola, L., Blengion, J., Fiaud, C., (1998). “Morphology and Mechanisms
fFormation of Natural Patinas on Archaeological Cu-Sn Alloys”. Corrosion Science,
40 (12): 2083-2111. https://doi.org/10.1016/S0010-938X(98)00096-1

- Robbiola, L., Blengion, J. & Fiaud, C., (1998). “Morphology and Mechanisms
fFormation of Natural Patinas on Archaeological Cu-Sn Alloys”. Corrosion Science,
40(12): 2083-2111. doi.org/10.1016/s0010-938x(98)00096-1

- Safai Qalati, M., Bakhshandefard, HR. & Hissari, M., (2017). “Structural
identification and manufacturing method of copper alloy bar pins in Chiasbezgharbi
area of Lorestan province”. Archaeological researches of Iran. 8 (17): 85-104. DOL:
10.22084/nbsh.2018.11815 (In Persian).



| vy | sy Sy

- Scott, D., (1991). Metallography and microstructure of ancient and historic metals.
The Getty Conservation Institute, The J. Paul Getty Museum in Association with
Archetype books (In Persian).

- Talae, H., (1995). Archeology and art of Iran in the firstmillennium BC. Organization
of study and editing of humanities books of universities (in Persian (.

- Talaee, H., (2002). “Burial traditions and practices in the Iron Age of Iran (about
800-1450 BC)”. Journal of Faculty of Literature and Human Sciences, University of
Tehran, 162 & 163: 192-173 (in Persian)

- Talae, H., (2006). Empty era Iran. Study and writing of humanities books (in
Persian).

- Valerio, P, Silva, R. J. C., Aratjo, M.F., Soares, A.M.M., Barros, L., (2012). “A
multianalytical approach to study the Phoenician bronze technology in the Iberian
Peninsula- a view from Quinta do Almaraz”. Journal of Material Characterization, 67:
74-82. https://doi.org/10.1016/j.matchar.2012.02.020

- Wadsak, M., Constantinides, 1., Vittiglio, G., Adriaens, A., Janssens, K. & Schreiner,
M., (2000). “Multianalytical Study of Patina Formed on Archaeological Metal Objects
from Bliesbruck-Reinheim”. Microchimica Act, 133: 159-164. https://link.springer.
com/article/10.1007/s006040070086

- Yadollahi, A., Bakhshandefard, H. R. & Iravanighadim, F., (2015). “A study of the
alloy and method of making bangles of Eurasian migrant tribes, a case study of bangles
obtained from Jafarabad Kurgan Hasht”. Archaeological studies. 8 (1): 191-204. https://
doi.org/10.22059/jarcs.2016.59502 (In Persian).



