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Abstract

One of the most important characteristics of Iran's Iron Age is the existence of cemeteries without a
connection with the settlement. The reason for not finding settlements near most of these cemeteries can be
explained in connection with the nomadic nature of the Iron Age societies or the existence of temporary
settlements whose traces have not been discovered so far. The important feature of these cemeteries is the
abundance of burial pottery that is not known how and where they were made. Pottery from relatively close
cemeteries are very similar. Since the time of Ghirshman, important questions have been raised in this regard;
Were very similar pottery produced in a specific workshop and then distributed among the communities, or
did each community produce its own pottery, considering that no pottery production sites and kilns have
been found in its vicinity? In this research, to answer the questions mentioned above, a total of 22 random
samples of Iron Age pottery from the three cemeteries of Estark-Joshaghan and Sialk in Kashan and Sarm
in Qom were subjected to PIXE elemental analysis, and the resulting data were analyzed by PCA statistical
method. According to the results, no correlation was observed between the pottery. Further, despite the
overlap in some of the main elements, the amount of magnesium oxide was significantly different in the
ceramics of all three areas. This archacometric analysis shows that the Iron Age pottery samples of Estark-
Joshaghan, Sialk, and Sarm cemeteries were made from separate soil sources. However, the ceramics of the
sites are very similar in form, which most likely indicates the existence of cultural relations, demographic
displacement, or stylistic imitation, not due to concentrated production in one or more limited places and
their distribution through trade. Therefore, the results support the nomadic or semi-sedentary hypothesis of
Iron Age societies in the cultural region of North Central Iran.
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Introduction

The Iron Age (ca. 1500-550 BC) in Iran's Central Plateau is marked by distinctive cultural transformations
often attributed to the migration of Indo-European tribes. These tribes, believed to be nomadic herders and
hunters, introduced significant changes to the region’s subsistence systems, material culture, and burial
practices. The decline of the traditional patterned pottery and the emergence of gray polished pottery, as well
as the shift from intra-residential burials to designated cemeteries, reflect this transformation. One intriguing
phenomenon is the presence of richly equipped cemeteries with no associated settlement remains, prompting
debates over the nature of these communities—whether they were pastoral nomads or settled populations
whose sites have yet to be identified. Scholars propose various causes for the widespread movement of tribes
into Iran during this period, such as ecological pressures, droughts, and intertribal conflict. These migrations
appear to have been gradual and largely non-violent. However, archaecogenetic and stratigraphic evidence
challenges the idea of large-scale migrations, suggesting cultural continuity instead. Despite this, many
cemeteries in semi-arid areas lack evidence of permanent settlements, reinforcing the hypothesis of a nomadic
or semi-sedentary lifestyle. Notably, the abundance and quality of burial pottery raise further questions.
Nomadic communities are not typically associated with such skilled ceramic production, nor with
transporting fragile vessels. This paradox has led researchers to investigate the provenance of these ceramics.
This study focuses on the Iron Age cemeteries of Estark-Joshaghan, Sialk, and Sarm, applying PIXE
elemental analysis and PCA statistical tools to determine the origin of the pottery and, by extension, infer the
nature of these societies. Identifying distinct clay sources can support the idea of decentralized pottery
production by mobile groups, offering insights into economic and cultural dynamics of Iron Age
communities in North Central Iran.

Materials and Methods

To examine the origin of Iron Age pottery, 22 potsherds from the cemeteries of Estark-Joshaghan, Sialk, and
Sarm were analyzed using Particle-Induced X-ray Emission (PIXE). This technique involves bombarding a
sample with high-energy protons generated by a Vandograph accelerator, causing inner-shell electrons to be
ejected. When electrons from higher shells fill these vacancies, they emit characteristic X-rays that identify
the elements present. The experimental setup allowed for the simultaneous analysis of 10 samples under
controlled conditions. The resulting elemental data were processed with GUPIX software to determine
concentrations, detecting elements down to parts per million. Subsequently, the results were subjected to
Principal Component Analysis (PCA) using SPSS. PCA helps identify patterns in data by reducing
dimensionality and revealing correlations among multiple variables. It groups elements based on covariation,
allowing researchers to determine similarities or distinctions among pottery samples. If the results indicate a
single elemental composition group, centralized production is implied. Conversely, multiple groups suggest
diverse production sources, possibly local or mobile potters. This approach allows for a systematic
investigation into whether Iron Age pottery was produced locally or distributed from centralized workshops,
thereby shedding light on the socio-economic structures of the associated communities.

Results

From each site, 7-8 potsherds were selected for PIXE analysis, identifying 20 elements in total. Elements
with low frequency or high error margins were excluded, and 13 elements remained for PCA. Five principal
component groups were identified, each dominated by distinct elements (e.g., CaO, K20, MgO, etc.). PCA
scatterplots revealed multiple pottery clusters, suggesting the existence of distinct compositional groups.
Notably, a handmade clay cap from Estark-Joshaghan (EJ 2018-8) stood out for its stark chemical
composition, suggesting a unique production source. This item likely reflects influence from steppe pottery
traditions, hinting at cultural diffusion or migration from northern regions in the early second millennium
BC.The PCA revealed no uniform elemental pattern across the three sites, with distinct differences
particularly in MgO concentrations. This supports the hypothesis that the pottery was produced locally, using
diverse clay sources rather than being manufactured at a centralized workshop and traded widely.
Interestingly, some Stark-Joshaghan samples share similarities with both Sialk and Sarm, likely due to their
geographic position between these two sites, which may have facilitated interaction.

Discussion

The three cemeteries analyzed—Estark-Joshaghan, Sialk, and Sarm—are significant Iron Age sites in North
Central Iran. Estark-Joshaghan, near Kashan, was excavated across multiple seasons and yielded pottery
indicative of both Iron Age I and II. Sialk, one of Iran’s most studied archaeological sites, contains two
cemeteries (A and B) corresponding to Iron Age IT and III, respectively. Sarm, near Qom, features over 190
identifiable graves and no settlement remains, suggesting use solely as a burial ground during the Iron Age
I1-I11.

These findings align with archaeological interpretations that most Iron Age communities in this region were
nomadic or semi-sedentary. They relied on seasonal mobility and localized production, yet maintained
cultural ties across regions. Despite their mobility, the quality and stylistic consistency of the pottery suggest
shared cultural aesthetics or mutual influence rather than centralized economic systems.
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This study adds to the growing body of archacometric evidence in Iranian archaeology, demonstrating that
PIXE analysis, combined with PCA, can offer valuable insights into prehistoric production systems and social
organization. While the sample size is relatively limited, the results robustly challenge assumptions of
centralized production and reinforce the interpretation of mobility, diversity in resource use, and regional
interaction among Iron Age groups in the Central Plateau of Iran.

Conclusion

This research aimed to investigate the subsistence patterns of Iron Age societies in North Central Iran by
analyzing pottery from Estark-Joshaghan, Sialk, and Sarm cemeteries. Using PIXE elemental analysis and
PCA statistical evaluation, it was found that the ceramics were made from chemically distinct clay sources,
supporting the idea that pottery production was localized rather than centralized. These findings substantiate
the theory that Iron Age communities in this region were predominantly pastoral nomads or semi-sedentary
groups.Although similarities in ceramic forms indicate cultural connections and interactions, the elemental
diversity points to decentralized production and independent clay procurement. The presence of distinctive
ceramic types, such as the handmade red clay cap, suggests cultural influence from steppe populations and
highlights the region’s dynamic intercultural exchanges. This study demonstrates how combining
archacometric methods with archaeological context can clarify long-standing questions about prehistoric
lifeways. For more definitive conclusions, broader sample sizes and further regional studies are needed.
Nonetheless, this research provides crucial support for the interpretation of Iron Age societies in Iran as
mobile yet culturally interconnected communities.

Journal of Research on Archacometry, 2024; 10 (2) |209


http://jra-tabriziau.ir/article-1-417-fa.html
http://dx.doi.org/10.61882/jra.10.2.417

[ DOI: 10.61882/jra.10.2.417 ]

Downloaded from jra-tabriziau.ir at 15:56 +0330 on Tuesday December 9th 2025

VAV-YVEAY) Ve VFY ¢ o il amgly

PRy

Zf.&wgl—‘)u d DOL: http://dx.doi.ore/10.61186/jra.10.2.417

iz

s & 0 o g Saw (3B = S il s yliw, 65 Jlw PIXE )‘.QUi
P o akin O‘“i ras Olelainl (28 Xy 9 dwiwro ol (55l 5l
Ol x) OY8

OF ldao! (s sS 55 dazma T 515w 031y Sy % 5l o Tyl
ol (SIS (SIS oSS ¢ olis iy 09,5 e soii ool 15 ool S Bz gl L2315 )
el (SIS (SIS oS5 ¢ slis il 095 ki ¥
ol (S oSl K358 8IS o Mt S35 05,8 ol ¥

VEYIVINY b o) ARAGERELY

oS>

Bl Js sl o5 il L bLl (g (olaglins;oF 3939 cln) 9ol jaas oSy cntere 5l S
b g ol jas gelsz (19 etz s b LI > Wlgico b liaw)sS cpl CAEN (o335 5 o8yl (s
o) e (SS9 D95 03 g g il 0anits caiS a5 (6)bT eST a8 Bge clmolS )|yl Sg2g
(sl i Mo 455 LS 3 5 i o i 48l (835 (6l Jls 345 Sl ool 8
wega (l )3 (et Sty (oS Gloj 1 o 4 (63L5 Canlish S35 L sl w5
Bl ot e 5 B350 255 (o6 o) S )3 35 Hl b b (sla Jlis LT s 035 ko
S8l Giigel 53 Jiw 395 (slooysS g ol ul joim aSl 4y dagi b dsele pa b Nun S o0 )98
‘)95.\.0 L;Lmu;'u»y & @5&»14 )9}4&.4 A o palg L)’l Il Sl o3¢ Qo.)9> ‘-JLQ_&\’ EJ.MSJ.Jy ol 045
5 Ol )3 Sl 5 i oSl lias oS Ageodus o] e (gl Sl j| 95Las Eigas VY Taan
» R Jal?()PCA d)Lo] L)"’?) L J_.ol> dl!bo.)‘.) 9 L.,«B)f )I)B PIXE & s ).Jbi D90 |'°§ P pyo
Sl mam ) (Slidgren 3939 b ¢ pozmen il odnliie by Jlhw (po (Siunod 4oSoun da 953 3ub
G55yl gy plate dbgoe dus yb gla Jlaw 13 (gylolize Hobods o3 e daST Hlade Lol o Lol (slasusT
Slppo g Sow (labgs — Sl (gl liwysS u"j yas s Jlaw dgei a5 aad o Ui Zus bl
515 i b (63L; Cnliss ep i i 51 45 ko (sladbogmo (gla Jlins g Slods a5l clailis S glie
Mo Jdsas & il (S 0@ b 5 mer ool (Kb yd lalgy 3959 uiad i ol Jlas! 4 a8
OetigsS A b 5l gk @l «rlplis b Gl Sl el i 5 dgame (e W b S0 o S pee
S o ity o) 555 S (it i o] e el ot lorSatas

& Bl
S g pais Ul Sl (gl ylio )5S ep o < libgn - S il dI-I ol jac Jlaw

saarabenmaaran@gmail.com Ao Jotume”

©2024 by the Authours.This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution
NonCommercial 4.0 Intemational (CC BY-NC 4.0 license)
https:/ /creativecommons.org/ licenses/by-nc/4.0



http://jra-tabriziau.ir/article-1-417-fa.html
http://dx.doi.org/10.61882/jra.10.2.417

[ DOI: 10.61882/jra.10.2.417 ]

Downloaded from jra-tabriziau.ir at 15:56 +0330 on Tuesday December 9th 2025

Aodlo .Y

i g o3, yoels oyl M > ST gl )93 oyl (slan K b &S SisEime ¢l yp] pac ) Ftimg s 5 (6 jhans
yas ladye 300 by 4ol 031 Fy o5 293 5yl38 pod dew 1 oo plgdl Lawgs ddlate ) S b L3l 1 ool 3939 &
e s oo 5 2 533 olpl S 3y Candgd gy I S ol S gy 3 o8 W09 29255 Pl ol
Jﬁloﬁy M‘a Mols L;ﬂwjo L;Lmo‘f‘/o 9 é)]).o 4 cw‘/vl‘u 9 Cans odg dﬁ)&w 9 d)bé\l? ulwo‘.iwo‘b 5 Pl99| L)’] (Smo
oyl M6 & pldl -l 59,9 b (Ghirshman, 1939; Dyson, 1965; Young, 1965; Young, 1967; Stronach, 1979: 150)
VAV ( oMb) cal osaliie BB gy ol (65500 Jlows (Kidyd ddaio Sk (oolaidl bk o (idizo pllas yuuss
sl yay oy cpl 3l &S dBd o s el g cuih (glofg Cunal Koo melgx cpl Gl yd sl 3l odlal (YY-YY
w8 08 ) Al M 8 1y il (slapl b (ool 9 00 o ciman ol w8l Ll (2 LB oo
9 A Cw Oy C") u‘)gl ).w‘)w » & u»yuo LSLQJLOM .A,Jy Ciw 09 L)i] 2 .(POttS, 2014) .-\*SL;O J.:;L .)Mw )] J‘é
JUB% @5@ sl (S 3 B30 pdl i (lojed W3S il 03y oo (6 S (el la Jlew Wg
Pl uis Sl Koo (SO (Y AYVE (oMb) sol gy ) SoSume sladbgze | z)B 0 olali pd g <)
uu'.w]ﬁ Gl 005 <8l d‘““)rb"’ L;Lba‘f)l).&’w‘ )" L;)l’ﬂ LbL'j gi:.))a b S o as ol @‘9‘,‘5 L;Lmot;»); 3929 ¢ pas L}g]
sl 035 ykao ol yal pae ledye wiizsS cidume pla dusyd ( Sy v
O Jlaint ¢ youds 3 &S &y Canmnss 00k iz Lol 3 salae] yiow 10 038 el pl b olacs mloe Y uuses
p s L;L...&w oo yed £985 ¢ pimon Al 03,5 B> o]y (con g 4 Jblg 1y llaely dadlS sl yiolel oS
yoS) ML 03g: jmwp 3blio & Cplae (gl bayhalS 5255 S e il o (SIS oo (i U Luslygl @y
o iz sS o osd el olpl M8 gblio Sy 03 puclue Jasrecuw ) 5 (coaldl bty cuy o ja5 & (55 0TV
o oS ) wlio 3908 5 as clelozsl oyl e (glasyS ) g baylid Yleinl ol jl e i3S & ploe o puo
5 ¢y (Fm IR VA 0,8 5] Sl 00 o0l g ol 5 () ot 5 Sl g (3bbie & s
I i Ylain! 5 sl 039 Cigiid o el 5 20 )05 & jqody Cilire o I 2lvzae 13 plgdl ol @ plae ¢y S
bl CBlas o ol VoV VAR 08 18) cannl 031 &y sl 058 ol g dy By Jloudd Jlasd 1L ye ) 3y
Shaikh) a1 ¢l loyghs ol 3 ol elain] slogls o I 55 il 4 oo 45 1305 JUuits 512 S, o
g et j Ol 4 guly 0 lpl O o imes gl sleals o (o)l (oSl s caw 30 5 (Baikloo, 2023
bl J (b o a5 Cunl s zilae Jlais! (pl cpizmed (WA oMl ¢lS ) ol 00005 gidiame LIS
Mt Ko 05 claslg, b s sl (g Sl 3o 5 2535) e e ) > ol S5 B K5t
plsdl 3939 51— &S popde (xl 4y lodld s (5SS g ()b = 925 4y (65)0liS - (xS ]y 395 ine pllas
b o W39 sndisne s (e 0 35 ) O ey Sl (il 2.5 > B30 93 dos 3~ mpd o2 |y 2l
Gplee Sl Sl bl slaingl del (WA G5 el (ol 5 Ml ol ) 91 )5 o el Jasme slacd o
Olalllas wgMeay (WA () ) St § s Gdg) LS o Culon bl ailis ),;';13' ooy (55 Al &S ol M & 044l
5 i il bl JKal (5 ol ) Sl ol ot e o e sladbgpmo > b B3 ool ik
ok bl ! (Danti, 2013: 313) cul (IVC ghiws) T oyl pac 4 (V ghs) 1d> § a0 puac | (¢ loxo (bl 3
55 3529 (S5 o Sl o 9 (o o) il 36 & 3 ] Sl > (b s o5 05 o N
3 By Lo B Sl s oy ol 41 30036 plgBl 39y b 5 pleo i oyl 5 Lo ASTH ¢yl s (Fahimi, 2019)
Al 65550 Jlod ol (GalilrSodos b (i S (umo pll 4058 (o (sl (Pl Slilllae 3 b 5] (Sl
= s A WO H2013) Lol ()KmlS 5o 1 g pos Ar o)+ + {1989) gl (4)Kinl 3bo o T 5 T oyal s
g yozmed adkaio (pl (ladbgze | (43900 Dl sadcdl slayre Sl () bl salad B Lo ardl .l
i 1y (5398 Colld [alls oS 8 ()0 B 45 5 09 SIS 45 (s 2 by (S5 3 pgese g liudS
Qe oMo ddllas 3l y .l 4ty 2oy 55 (6500l g ke il SW; pachue (Slg b D Ak il 0355

VIV VFY pgd 0ylod oD 093 ¢ i il angis


http://jra-tabriziau.ir/article-1-417-fa.html
http://dx.doi.org/10.61882/jra.10.2.417

[ DOI: 10.61882/jra.10.2.417 ]

Downloaded from jra-tabriziau.ir at 15:56 +0330 on Tuesday December 9th 2025

Al 6y peS (les Ly il odgy i) oBls Sis Sl )b Jlais] i cdl Sis  Sly > dlo 5 5y
{TVY AV (@) el (LS gy 86 p 5 Jgad )3 Iy S oo o] pli] (gl |y Y ddsle 0 Jgab 3
oot 11 et Jy ol s 5 1935 5t Sl i 3 Bt el S 50925,
pyo 45 {Ghirshman, 1939) Shuw & 5 Gl slajliyss Wle oyl (65550 Jlod (sladbgore (59l 3l 35 sk
b8 lwygS (Fahimi, 2010) Cusl pyo 45 4 005 jhuws 45 o8 yustionds dogore WAY AYAY WAL 0diis o)
dbgoo (V¥ =T VA 0,8 ji50als) S5 S dbgore (Vanden Berghe, 1964) (yg)55 dbgo (WYY 0,8 jizealS)
S ogomo WS oo 1105) ety (s 5 Talai, 1983 VYD ¢ 31 g Sle) oLl 3o 4 (VWY ¢S ) (gm0
ol o3l s 4 (Hosseinzadeh et al., 2017; Hosseinzadeh et al,, 2018) g - Syl i) g (WA wdljiona)

v Jsa)

~3

2

ALBORZ MOUNTAIR

n:"

A ron Age Site
River (
Sea >
Permanent Lake = e ¢ - ‘{_:r- % Pl g
{;::-___-:._J Seasonal Lake T 54 o & (:5‘ a !
" a \1‘,‘{
Province = st
Eltltude a
falue T
0 eseqeimn |
] 500-800 .z &
| Js00-1.200
] 1.200-1,600
1,600 - 2,000 _‘"2' ad
2,000-3.500 : . 01530 60 90 120
3,500 - 5,434 F : | % BN KM

Figure 1. Some of the most important Iron Age sites excavated in the cultural region of the central plateau of Iran

oS 2 o Jlain! by 8T da i) ool el o 3 il (Ul g 6T b 4 derg b s 55 aoply
3§ shoo U iunsgS pl (slinysS it 45 oyl 3.1 359 45 iS5 _blie 13 Lol Wlosgy oS _ g8 xelys o 3l )
b i &8 ol o)y Slis (Y1 ylem B ol o s gl ol it il (ol g JSib b i Lo s
50355 s S b 2203 o g5 5 Ygass 255 ol o8 ol o i s IS o (tisS il i 9 Cunle
o EBlie Cundy oyl 3l &S oy cplplly led 00lad W (65087 )i o Cungy g P Cigzed (o3l Il Sy
Lo e Sl o 13 g dsols ot Loyt 58]y (gl lianysS 53 b llios s b o8l ) 5.5 o
S5 5 olitl 3590 g 48l Jlisl 5150 v o Abnslg b dlaudgly yus g 005 M5 (6,503 (S 3 b Mo rsles
o3 goly 9 My Su35ygls )3 (i Jlo v 290 3 8 Sl (glaaibly oy 5)Be 5 cpclsld S (S Olier Jlaw
bl (sl oy 33 481y 3y (S8 s g 50 i il slindlogora e (Sl 6 KBS ]yl 3 4 &
cwen §) (Shepherd, 1985) sl 3ol Jlns Sl (sliyytad ¢ lancSim b 39,8 ¢ 5,3 g, COLS ¢  idume pllss (gjlojl
5 S lidg - St glodbgmo ol pae (o Jlaw | (s (59) Sy spaie U ol b tmgy ol 0 o)
bl 0 gr ¢Sy s paie 3T 5 gy )bl sla s plosl izzan g ol (53850 Jloub dilate )3 p o
aio oy Baaltie 293 03l usl (ol s (gl Jlaw 55 (o 2 bgsye (al (bl sl sy o iere 3l S
il ool pas pelsr GatigsS 40 p e (e o Tb SB

YAV VFY pgd 0,lods oD 093 ¢ xiuw bl amg


http://jra-tabriziau.ir/article-1-417-fa.html
http://dx.doi.org/10.61882/jra.10.2.417

[ DOI: 10.61882/jra.10.2.417 ]

Downloaded from jra-tabriziau.ir at 15:56 +0330 on Tuesday December 9th 2025

Oyl 33 oSy (g i 3IUT U i bl Oladlas .Y

g o odlil (6,505 B3lo b 5 S ey 2SS ¢l 5113 LSS yrlic sy 1 (sl sniSny (6 pmi 51 5
S o9 b M) (e g ymsiaie) 05 il |y b ol (ibime s o0 > (S pate U SS 4,
o laimgly S 0o |y 36 (st (lapad o) pulid il ldlllas > Sy slojdl] plosl 35
o oS Spais G 3l oozl b il Som 5 S5 JSB] o o plordl e (glioyg0 ] 01g5TisS (Sim Slgo (s
g 32 o) S s |y (508 (5 o0 i g o (39,8) (oMl (e (sl plicy 5 (sl Sl Liio b oo S
Gl oM (YA (o g IS Jell) sl oblitia (glyr (cmlio o oy (oS (s paie 30T 48"l 03l ol
Ol e 33 el g (el (Sl (gladbgome 4 3laio o3 p)loe Bili (slaJlhus jl (ool g5 A5l (ol S Aol bl
Og2ge polie CllE g £9) s polite 4]y ladial il 13 Bly (BB o id > ibgl g Plo sladbgre g LS
o 1 (63950 dhiss 3y90 y3 leMbl oyl yibls b LT oS 591 oyl idghs ol iaw g sl 03,5 S (g puaic U
LA Jlaus digad > (& pnis 3001 o ol (s 3o gl Sag05 oy |y (50 &5 2b el s Lt g5 o  okio
dilato IS8 593 ((SilS) (S (sl Jlbs e g jistomme (WWR+ (oaMe) il plpplosl (VL lisebol b blie
35 paduie Limgy oyl Wld S ¢ paie 3BT XRE g XRD PIXE og, du ) plod g 4liS om0 oy CBaa by o
idg) B3le oS 5 45 g Do Lol |y U1 3,90 (el Jlaws diad S e 25 CaO 5 A2O3 SIO2 oS 5 s &S
ol B8 i (55550 ) g Gl - gt ()L (slagygy LS5 b laen dlaie (SIS Jlaw cols (US)
Ol b gaiias | (S Jbu (ST g )55 30 (slaygj (5358 S opmomen Lol sl jrje (sla Jlaw (32 Jxa
(235 9 Bgdeme) bl 4Bl ol) lian & 5 ond 4Bl (g3 (glagygs cnl il ol 2 > (Sirle b Jlaw & G m
S oyt lisly cladbogmo 3] ( ISH Bygd & 3lato ¢ Sty Jlius ddad A sl i Kie 5 gladsmbio (YAY
bimd L5 gl ol gl oo S XRE g Sy (st 301 ¢ Jliw g5 ol Ji5hos e st @1y sblaal g o
(YA S g lad snis) sl ity plionsd oS 5 bl Sy Jliws o S, S5

W (yg) 9 9o /g3 (g -V

15 ol gy 45 b 30T s ) Sy gyt 50T it odlita] S i 3T 3 ) ey ol plol (gl
Ol 3 S o S oy Bl (gloal s oo g 80 g 03,5355 diges a5l o S el £ )
Jodds g5 w8l sl (5358 4y o8l ) el 3l (o 28183 (Sl 55y S 55 o0 5] Bt
sl 29 0 plowl M )3 gy A b I Vgane 3 o B (clasil (sl S b (0298 Ayl slogysy S o
Iy lgm 55 U Sl aS o5 4l Sluaos alaily M Laseo )3 3,5 )5 ISl aS olodiges b g 55 (slodines
S gl (K &asgy) 31 ol (o 5] gyl 08 Lol 5] 3 o) (Torkiha et al., 2010) 455 o ol
Bl o ool ceely wiseSilyy el ol 290 g (L disy) g &Y 5l G980 basogs asol 3529 4 (g S
«)lgtal) Cal (a3 390 paie aie iy oyl lastiie &S dedi o WSSl (555w U yguo 4 (BEKCEL) (95801 (65,
(YYF-YYY YAy

Cuwl B o2l pl ol 04 02wl (gldtud 98 ¢ pole slimg}y 85 gly bl I ¢ yimg} oyl
2 hled oald S ey daie ) diges 4 3y53n lp [y MA L PA I b2 8k L MeV' 3 (5356 (555 slacigian
S sl (SigyS) Sl Canl jue il 9 S8 S Slodiges gl Aiged 4 4l 0y95 0 Jore 353 el (S
GUPIX i3l 5 bauwgs laodls 33,5 o yilo)l (claodls Mg ) yoxia 035 4 by ok g 5l 55T auwgs o g S 05l yully
PPm 83 b g sl (5l )lS2l LB as Jam gl Jgi polie oy ol 3 20,5 0 b polie clalé g s
D)3 359 polie slulid Culld (yaako 13 0)))

(ke ccloadlyo L) PCA. g, 4 SPSS (g lol Jl38lp.5 Lausgs ¢ w6yt 3001 5 ool sty gl chay &l o 5

YAV AVFY gD 0ylod oD 093 ¢ i yliwls angis


http://jra-tabriziau.ir/article-1-417-fa.html
http://dx.doi.org/10.61882/jra.10.2.417

[ DOI: 10.61882/jra.10.2.417 ]

Downloaded from jra-tabriziau.ir at 15:56 +0330 on Tuesday December 9th 2025

St S i dlaly Sy G o0 2,50 Slagite o Sl (65 (53 (ol S5 PCA s bl 50
Lulgy b yusiio) 5,1 Siaammeds dlally Sodon b aldgl (slopusiio i aigas o yuiio (6391000 D Aluuwgds Wl yusiio Slaws -y
gl (sl yusio 09,5 ot | Jaxe Wli o (6393 b Loyl 5] dgame B Ao M (gl it ¢yl plis {05,1 wt b (S35 s
[xW G‘):in’ml L;la.»):;’;a L;uv) 4:J5| Lgla:)ﬁi;a Q] J..\:w (.—\A.u)l} &l Sy M/“ . ngb) 4\¢J9| Lgla:)ﬁiln LTS 35»: G guo
WA (liS) g2 dalg i dlaia sl gl slapiio (sl 0 ol (230l il yig Jixe dya g Salgs i (498

(A

g spaie WU 514 g0 ool 4 ims s ) (S0 b s Jliws bl sl o slel o ol 51 ol (sl foges
BAS AJg5 055 ¢ pl pas aelen Vil &8 5,5 Lol s o sl Jhus 09,8 Sy Lt Bumd s daJlaw ()bl s
g ool gaie slnog,S 1 dol canl 035 Jlbuw BUIS U (535 50 Aogrre <Ky & LilS &l cings iala Jlaw
i JE 1S5 Lol 48 1l 5 03,5 o M5 il sl Jorm 5 365 1y llon Sl ol ) 48 ol s )i oo
OJ))L;uJL.ul )‘ u.i} J.:‘?:L;o u;l.&:JJ?U O Fl?u‘ ‘L)")"LJ .JJ.)/SL;Q AJDLA Jl.o.w ‘)i)..) én|9> lJ a5 .ﬁby b)fb)ﬁ.) @Lmo”f
2ol Wb il 5550 Loy Dpse (sla Jlhw degosme 45 pinjn 4l e b (oobj 850 b 1) pal yae ol
M o0 Jolb (638
Oldgs — S gl N-F

Ol bug 01 @dly cladal ol 3 GBS (28 Jlob (s ytagh V0 & labge - Syl al e iy
ol > Jabd Jlon (o ) 955 oy (g)Sad L gygly i 5D oy 4 B8 oSty (uslids il
5 (Vg - S l) By & g9 5] St elogoes syl ol 48,5 5 LlS 5 Loy 3p90 VWA g VYAV VTS 1Y
(ol SISl b (55 iz (19T BB 115 59lS73 )50 (alvdiidlys s b 45 93 ol (¥ iy - Sy )8 &5
boiye) A &l 5l 650 )5 dige0 99 gl sl 0 LutS” JlhaogS Abgona yl Sl Jlaw 0329 & ( Sy 83le (g3bj 3lass
VAN MAD g (po5 T+00 5Siln g AF linale) dm s by YD Cnl) s V=Y VS clagio b ibglS gl b
S ST S0 39 ) g0 g0 b s |y (s WA (5iee g NF lsabs] Aoy b ¥D cansS5IS) s
oS (sl Jlio b A £l 51005l (sl i bl 4y cngf b ool Consd 0yt Y10 4 ¥/ sl b &0 IS5
4 o (ol pas pguye (IS Bb 55 S ol B & Sy oS Ll o g gyt S
3570 tiges g0 izl (clilinSlo B oglis o5 te (lines )38 o5 el o3 (I 58] o) s Y B V¥ cloot
A (I ol pas) .5 Ve IV o) oy - Syl (oS By 5 0adcdly (Sludl (sladigas Jl 5 S
Sl & SligsS &0 5o 9391 (2 5% J ol el e Jow p 8 o33 Kt Slgm e gaora i Sl il sl
Cgldy oyl oS A Gloj olds gyl ladgs - Syl liwsysS (2 g (B gl cplpl wdll by il calus
LEFYZPEY VP oSt 5 03l ym) ol S 5 Sy Sl ol

Sl Y-F

9 e 9 (29 9 Jlod (Sl I Gl 45 93 SIS L b (28 gz (syieghS T ) ly Sk dogore
g s g5 b ol (gt 45 8 ste Yoo ) @ g (st &5 g (g% YO+ ) il slagl 4y o] o oS
o 41y (VI Shes 8y9) o oy o IT opal e ] (VS 8,9) il (s o8 i 0 00y (Sim b
13,5 oS CyeudyS o9y Lawg VATV g VATF NAYY oy Jlo 3 Juad dwr b Sl dogoe b o TIT 2l
GBlaio o8l il S IVAF=IYAL) (o0l oS 33l siaw oy 49 S (6,553b 75k 5> (Ghirshman, 1938, 1939)
LOYAF (YA (GNTAY AYAY ¢ asgd) 15 b dbgome ol 5 TTT ol juac &

Ol dog g 03y5) 339 ) |y ] o 93 &5 Sl Siusp OWVIVNE o il (sla g o o
Doy 048y 55 gl lmo] O &S g od odudigy (& ymS B Jlaw labad I ore oyl 58T s 03 a1y ol bl
015 plrdl jlogrilu ol (59) &5 039 yigumag sl () (l)sS (pl eogmo igolys alios) LB g sl b

YAF| AVFY gD 0ylod oD 093 ¢ i jliwls angis


http://jra-tabriziau.ir/article-1-417-fa.html
http://dx.doi.org/10.61882/jra.10.2.417

[ DOI: 10.61882/jra.10.2.417 ]

Downloaded from jra-tabriziau.ir at 15:56 +0330 on Tuesday December 9th 2025

gy &y yo il IS AL gond s Gud 4 aub slaculed g ke pe )i bawg eSSl (gl ¢ et (]
985 30 liasygS pl 13 LS i ) 58 gl &S el s DS o 80 S 13 desler Cygo |y Bgte ccdll i yeS 4
Vooo B Yoo dgan b 1y S il i )5 ¢y S ol 03,5 ST sl 2 05 93 ¥ 5)leud 465 )5 o5 &S o0 gl
XY DAV NTAR (30 5) ol 03,5 o 655505 pus

sl 4385 S5 i ysS ol Sg3gty ] ey Lodio sy ) ol 003 39t (Mo sy S Lasgi 0 i sS
b sl 5VL bl 0 o) 9 858005 sS4 o O aysS g Cuod (gloysS qonej b S g oloj oy
a8 ol Y 51 Gl el iy (qugume s &5 wgia Cunns 5 s oy gl |y ol ol &8 5 3l (68
005 St 35 oSl g el s JolS Lo el iy b e 0 Lawssi UoysS ) plia] ol
S oy SB L dl wailS o ol BLbl a1y 80 bl g Wb o )8 65 o 1) dgie Syl il s Canl
Dl oo ity B JSE 4 S SlacSian by 18 59y (e e SIS ]y (S5 A5 055 VL p SB Sy
G b g Cusly solg & (i Cumdg > (Bgie g 039 () - (Bpd g 9 - Jled Cpgo 93 4 lyS ol 2 (8
02545 (padyS Sl Loy o ()5 VIV o 51l 0 o2 055 (59 b g 4o (53 b gt 5 005 oS o (sl
o SIS F0 6 p g Aee Ve D sy Sl 0 w65« yod 5 ol 0399 s g 03,955 amd ()] 65 VY Laid o
(F=YADNYVA oy S ) sl 03

50 o‘ﬂ_f

49 pyo 9L (shig) o5 Jold do )3 (S8 1150 0 b g (Byb g (S yieghS N 391 13 ppo 4
2 9 0XiSu ) gy (uoy g 4 YYAY B VYA ela Jlw ;3 Sl oS dbgmes (pl D)y 8 odls o Caan (g0 B+ Lol
pd Jol 8)32 Jol das & ppo (i ysS ol .l 0t iglS wgglS jlos gy 4 IFAF 5 WAY VAV gl Jlo
S tose b ol o o8 s £l 4y (g il dbgome S oy sy S Jlad (6 oslS S 3l yiaS 15 293 0 03] (05
(Fahimi, 2010 $CVYAY ¢ soutd) Col o 8l 1T oyl puac 4y slaie

S (BRI L b ey JBanlsd g 45 jbas caciend ol ) oladleS waisu)g bl (L
b 45 S Byo a5 () ol 03,5 S o 48 0 ST g b 5] Sl ol el s 2 (286 i
i 35355 plodl Lawsgi o530 (485 pghaio s (TTT 4 IT cyol ycae) Mo 3] b Jol 5,52 Loyl b o3 5l3 315l 1 a8
Corlus 4y a0 565 VA% g ¢ 05l Jol Juad o b .l (g il dalads digS 2 1818 g o oxliianl (6 S Jlaw
g9 g o o 50 (slaygS (o0l ol (yho Cpl )3 9 XDy wyp BB (glaysS wluwi pl &S Wad oLl zope o VY-
S el gty B (i i ez (hlate b (cdn (I055 198) (6 )lore Bgud 95 A sl )o pl 3 il
(295 53l (p85) (B b £V g (ol (Golome BB g L B 4 (g)lBlo L )98 (Aot i JlSLu L o
XS y9) 4 (Ll (3505 (3] (29) (b 5 LU )90 &) (85 o (59) 48,518 o b el e 55 (Slnilior
(Y JS5) (WAY YA YA

W Sl 5 b - S il dold <200l S OV (lidgn - S il g p o dold o) 390 Glodbgme bl Cunbye Y JSW0
FoghS VN Sk gy BLols £ yiaglS

Figure 2. Geographical location of the studied sites. The distance between Sarm and Estark-Joshaghan is 57 km; The
distance between Estark-Joshaghan and Sialk is 17 km; The distance between Sarm and Sialk is 71 km
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Figure 3. Potsherds selected from Estark-Joshaghan, Sarm, and Sialk for PIXE analysis
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Table 2. Group matrix; Output of SPSS software based on Principal Components Analysis (PCA)

Component (%o)

1 2 3 4 5
ALL,O; -0.639 -0.437 0.466 -0.103 0.143
SiO, -0.969 0.159
KO -0.278 -0.673 0.510 -0.224 0.246
CaO 0.861 -0.314 -0.258 0.266
TiO, -0.774 0.221 0.175 0432
MnO 0.252 0.105 0.415 -0.693
Fe,03 0.123 0.799 0.267 -0.297 -0.158
StO 0.486 -0.211 0.320 0.159 0.286
MgO 0.378 0.317 0.285 -0.638 0.278
Cl 0.612 -0.443 0432 -0.220
Cr03 0.376 0.583 0.233 -0.118 0.351
ZnO 0.181 0.237 0.535 0461
V203 0.386 0.569 0.604
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Figure 4. PCA of factor 1 and factot 2
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Scatterplot of Factor 4 against Factor 3; categorized by Site
Factor coordinates of cases, based on correlations (Sara Benmaran) 14v*22¢

Figure 5. PCA of factor 3 and factor 4
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Figure 6. A fragment of a clay cap found in the Estark-Joshaghan cemetery, EJ 2018-8
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