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

Y\;l VF.Y “Da.) a)Lo.«:: ‘D 0)9.) “_;’?d.w uL.wl) Mﬁ)}



Hbap e o™ 6o e gyfo cbd e\ |ALL

o 42555 Jpin J ol 3 Lol claddlio LI (gl 45 At (gt ot Sl Sike 15508 3ac) (S2) o 5 (S) Sy (F]) Jass - S il (slnalogoee f onicdly (clo Sl oSt sy 300 s 9 Jgoon

Table 1. The results of PIXE elemental analysis of pottery found from the sites of Estark-Joshaghan (EJ), Sialk (Si), and Sarm (Sa). The red numbers are the average numbers of the same columns, which have been written in table
empty cells for Principal Components Analysis

Powery  Ni20 MgO A203 S0z SO3 O K20 CaO TO2 V203 €203 MnO Fe203 Cu20 NiO ZnO  As205 GeO2 SO ZiO2
(%) () (%) () () (%) () () (%) (%) () () () () ) (N () (%) () ()
£J.2018-1 115 10/83  39/94 0/27 3/33 27/45 1/16  0/05  0/02  0/28  15/14 0/06 0/31
FJ.2018-3 102 11/77 47/12 0/29 4/76 17 1/66  0/07  0/05  0/15  15/65 0/04 0/24  0/19
F.J.2018-4 1/27  10/44  41/76  0/24  0/25 3/65 29/92 1/13  0/05  0/04  0/13  10/82 0/06 0/26
FJ.2018-6 1/93  13/33  57/08 0/11  4/25 7/25  1/34  0/05  0/02  0/15  14/35 0/04 0/11
pI2018 2/39  14/13  40/11 0/31  6/08 19/93 1/25  0/05  0/05  0/25 15/15 0/05 0/31
C20s T 2 9/58  41/86 0/23  0/22  4/29 29/22  1/32  0/06  0/03  0/14  12/96 0/03 0/25
FJ.2018-8 2/79  9/43  47/51 0/16  1/93  7/92  1/28  0/06  0/05  0/22  28/48 0/05 0/11
F.J2018-9 113 14/42 57 0/16  5/88 4/61  1/48  0/05  0/02  0/15  14/74  0/03 0/03 0/31
$1.2018-4 1/87  14/11  55/41 0/13  4/33  6/19  1/62  0/06  0/05  0/16  15/67 0/05 0/4
5i.2018-6 164 11/8  35/03 0/23  4/17 31/02  1/04  0/05  0/04  0/24  14/32 0/07 0/4
$1.2018-7 196 14/21  38/11 0/35 5/59 22/11  1/15  0/05  0/04  0/25  15/88 0/04 0/34
$1.2018-12 146 11/96 46 0/14  3/82 19/87 1/59  0/06  0/05  0/17  14/46 0/16 0/05  0/23
$.2018-17 2/00  13/34 52/29 0/54  0/15 4/32 11 1/37  0/05  0/04  0/15  14/43 0/04 0/22
$.2018-20 2 13/25  47/6 0/25  6/02 15/87 1/19  0/05  0/02  0/27  13/37 0/05 0/09
$i.2018-21 1/91  12/56  48/31 0/24  4/28 13/05 1/41  0/07  0/05  0/68  17/19 0/05 0/23
Sa2018-1  0/75  2/24  12/85  51/24 0/17 5/25 12/48 1/46  0/06  0/035  0/12  13/08 0/04 0/23
$2.2018-2 215 1117 41/23 0/24  4/3  25/85 1/11  0/035  0/03  0/25 13/32  0/04 0/05 0/22
$2.2018-5 306 12/2  40/85 0/24 5/28 18/91 1/21  0/07  0/04  0/21  17/3 0/04 0/05 0/1  0/05 0/35
$2.2018-8 2/85  10/64  38/6 0/21  4/6  24/77 1/13  0/04  0/04  0/22  16/47  0/03 0/05 0/36
$2.2018-9 /74 14/21  54/24 0/22  6/47 6/12  1/46  0/05  0/04  0/12  15/35  0/04 0/05 0/1
?8'2018‘ 32 11/15  38/51 0/27 4/83 21/28 1/18  0/05  0/03  0/25 18/56  0/04 0/05 0/05 0/49
Sa.2018- 318 11/74  42/54 0/25  5/33% 19/47 1/17  0/05  0/04  0/18 15/71  0/03 0/06 0/26
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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
ALOs -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 0415 -0.693
Fe;O3 0.123 0.799 0.267 -0.297 -0.158
SrO 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
Cr0O3 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¢
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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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Figure 7. The amount of MgO in the pottery of the three sites of Estark-Joshaghan, Sialk, and Sarm

S5 Y

SloolS il g 515 JaysS Sy (IS b iolpl (53550 Jlod (S Ao T 5 T o]y (slodloges
diate lodye pr g Av e B VYD VD+ g o sy o 35 & ¢yl plis Aiants TIT s yo &y 3l Uitos yal puac Buicdly
res ol ol ) (oas (gpais ST L) 4us3 cpl oS onw Lo idg nlisS iymo ol (gl el ST
g linyS ool pae (o Jlaw SB glio bl (s an b (gl (0l 5 qoiiS g2 0348 S dogme dus 4y lato
WY (88 (B g (5 ytskS V) o 9 (LU (08 9] S (BT ()8 Jlod (s 5taghS Vo) (i - S
(PCA) (Lol (slaailie oo o ol (5, 5 1545 PIXE (st 061 g il Bolas jgloty dbogome dus oyl 3l Jliws diges
oo S o by Ko 3 b Sl 1 oS 2 Ylain] & 85 2005 i en oo Slas o) 16T 5 4S5 L2 5 o
dbgome o Ylainl 503 (o 4 30 339 ] 13 39390 (clatenST g yolis g bline bls)) S5 (o3 Cand 05 Ao
9 CisS b Mg e (o3l BB S 03,8 e M5 (65 Jlbw SB alisee wbio jl oxlizal Ly 3083 cla Jlaw
By iy 4 gl 9] 4838 1905 W5 @l () 4t b izmed led 20 |yl (55500 Jlodd (30l ya el
M5 2SS ol s 5L (elo Jlbs (o8 Slocalus aSh izl Sy b (Sinp ol 5 95 o (S
5533 A geome oS 25 snlgs ying U 5385 gl & s (sl i 55 ol el K03y b oygd (ol 5SS pls
Gl il 35 39000 Mo degane (o 59y iy ol ol b g (el o g (g i 0T e ol sl S
O (OetilrSados b (piigsS) S i (S5 sbs Vleisl o bl cmd (i (Bgpn |y (6)Slhw S St lie
ol ) pac > gelg>
Sl Slag] (sl (S 5 oo g ol sbid ¢ ol 031) (s g 2 Lo s o ¢ Jg) oinngs 45 i IS 40 (bl ) 2 p5cie Alio o) 206 awloww
SIS g3 oKl 5,35 ¢ yizads g o2 St Slosons 535 ol |y niges iy (s puate W1 &8 s S gl ololos] it ) Nuilos 03y0sb yohita
25 Colon bo J Gladon o5y oyl 3 &S it
55 el 5 (il a9 ey 1S ipg 5 2 epgd s 5 & 8 D g o gl ot Lot ] gt OB Mgl O Lk
osges clge o b g 0,5 adllas | dlie o e dd Skiung ples
el 313 el (IS ol Lo gy o) 4295 o ol
S e Pl dlin L 565 (i 18 s b S pMe) ) il sl 2o SL5

el o yud ) WS g o pg0 > iy Ml o 03,0l oyt 3 igs cpl ol (glodly :3lgo g 031D d ows giwsd

YY’l VF-Y 9 D)LOJA::) (D 09 409.;;.“) uLA.MJlJ 4\.@9).1



References éal.&o

-

Agha Ali Gol, D., Mohsenian, M., Olyaei, P., Baghizadeh, A. (2006). Study on the origin of production of the Iranian
Luster Wares using the PIXE analysis method. In Physics Conference of Iran. Shahroud University of Technology. [in

Persian].

Alibaigi, S., & Khosravi, S. (2014). Some socio-economic evidence from Iron Age societies of the Iranian Central
Plateau. Iran, 52(1): 53-64. https://doi.org/10.1080/05786967.2014.11834737

Azizipour, T., Khademi Nadushan, F., Lameie Rashti, M. (2012). Investigating the living conditions of the ancient areas
of Iran in the Parthian period based on the laboratory study of human bones discovered from the sites of this period.
Payam-e Bastanshenas, 9(17): 113-126. [in Persian].

Danti M. (2013). Hasanlu V', The Late Bronge Age and Iron Agel Periods. Hasanln Excavation Reports 111, Philadelphia,
Pennsylvania.

Dyson Jr, R. H. (1989). Rediscovering Hasanlu in East of Assyria: the Highland Settlement of Hasanlu. Expedition, 31(2-
3): 3-11.

Dyson Jr, R.H. (1965). Problems of Protohistoric Iran as seen from Hasanlu. Journal of Near Eastern Studies, 24(3): 193-
217. https://doi.org/10.1086/371815

Fahimi, H. (2019). The Bronze Age and the Iron Age on the Central Iranian Plateau: Two successive cultures or the
appearance of a new culture? In Meyer, J., Vila, E., Mashkour, M., Casanova, M., & Vallet, R. (Eds.), The Iranian
Platean  during the Bronze Age:  Development of ~urbanisation, production and  trade. Lyon: MOM Editions.
https://10.4000/books.momeditions.8196

Fahimi, H. (2010). An Iron Age fortress in central Iran: archaeological investigations in Shamshirgah, Qom, 2005.
Preliminary report. In Proceedings of the 6th International Congress of the Archaeology of the Ancient Near East, 5: 165-183.

Fahimi, H. (2005). Sialk cultural sequence 5 and 6 in South Tepe of Sialk: Excavation report in trenches J21, R20, R18.
In S. Malek Shahmirzadi (ed.), The Fishermen of Sialk, the report of the fourth season of the Sialk Reconsideration Project. Research
Institute of Cultural Heritage and Tourism, Institute of Archaeology, 144-105. [in Persian].

Fahimi, H. (2004a). Architectural remains of Sialk VI (Iron III) in South Tepe of Sialk; Excavation report in trench R19.
In S. Malek Shahmirzadi (Ed.), The Potters of Sialk: report of the third season of the Sialk Reconsideration Project. Research
Institute of Cultural Heritage and Tourism, Institute of Archeology, 56-88. [in Persian].

Fahimi, H. (2004b). The settlement of the Gour-e Khoftegan of Saram: report on Shamshirgah site in the south of Qom.
History and Archaeology, 18: 61-68. [in Persian].

Fahimi, H. (2003). Iron Age in Sialk, a preliminary report on the investigation of Iron Age pottery in Sialk. In S. Malek
Shahmirzadi (Ed.), The Silversmiths of Sialk, the report of the second season of the Sialk Reconsideration Project. Tehran: Cultural
Heritage and Tourism Research Institute, Archacology Research Institute, 126-80. [in Persian].

Ghadiri, M., Torkiha Esfahani, M., Kakuee, O., & Fathollahi, V. (2015). Combination of particle-induced X-ray emission
(PIXE) spectrometry and proton-induced gamma-ray emission (PIGE) spectrometry for analysis of azure color in
tile. Journal of Nuclear S cience, Engineering and Technology (JONSAT), 35(4): 19-24. [in Persian].

Ghirshman, R. (2010). Sialk of Kashan, the oldest human habitat in the platean of Iran. Vol 2. Translated by A. Karimi and A.
Hampartian. Kashan: Morsal. [in Persian].

Ghirshman, R. (2000). History of Iran from the beginning to Islam. Translated by M. Behforozi. Tehran: Jami. [in Persian].

Ghirshman, R. (1939). Fouilles de Sialk prés de Kashan 1933, 1934, 1937. Vol. 2. Paris: Geuthner.
Ghirshman, R. (1938). Fouilles de Sialk: prés de Kashan, 1933, 1934, 1937. Vol. 1. Paris: Geuthner.

Gholami M. (2011). Elemental analysis of prebistoric pottery of Isfaban province to compare their coloring technique. Master's Thesis.
Faculty of Physics, Kashan University. [in Persian].

Hosseinzadeh, J., Noralivand, H., Javery, M., Montazerzohori, M., Sohrabinia, A., Soltysiak, A. (2019). The Grey Ware
Culture and the Second Millennium BC Cemeteries in Central Iran: An Appraisal of the Recent Absolute Dates. In
Proceedings of the International Conference on The Iron Age in Western Iran and Neighbouring Regions, vol 1, Kurdistan University,
Sanandaj, Iran; 2 & 3 November 2019, 421-437. [in Persian].

Hosseinzadeh, J., Sarlak, S., Kavosi, A., Rafie, H., Soltysiak, A. (2018). Human remains from Sarm, Iran,
2015. Bioarchaeology of the Near East, 12: 103-106.

Hosseinzadeh, J., Javeri, M., Montazerzohouri, M., Banitaba, A., Shadmahani, R. N., Makvandi, L., Soltysiak, A. (2017).
A palimpsest grave at the Iron Age cemetery in Estark-Joshaghan, Iran. Awsiguity, 91(359): el.
https://doi.org/10.15184/aqv.2017.168

Kambakhshfard, S. (2000). Ceramics and pottery in Iran from the beginning of the Neolithic to the modern era. Tehran: Phoenix. [in

Persian].

VYV VFY pg 0)losd codd 093 ¢ Siwr (yliwls dmgls


https://doi.org/10.1080/05786967.2014.11834737
https://doi.org/10.1086/371815
https://10.0.15.160/books.momeditions.8196
https://doi.org/10.15184/aqy.2017.168

Kambakhshfard, S. (1991). Three-thonsand-and-two-hundred-year-old Tehran based on archaeological excavations. Tehran: Scientific
and Cultural Institute of Space. [in Persian].

Malek Shamirzadi, S. (1977). Preliminary report of the first and second season of excavations at Tepe Segzabad. Marlik
Journal, 2: 81-98. [in Persian].

Majidzadeh, Y. (2010). Excavations at the archaeological site of Uzbeki. Tehran: General Directorate of Cultural Heritage,
Handicrafts and Tourism of Tehran Province. [in Persian].

Mehrkian, J. (1995). A research on the unknown architecture of gray pottery in Tepe Mamorin. In Proceedings of the First
Congress of the History of Architecture and Urban Planning of Iran. Iranian cultural heritage, 345-356. [in Persian].

Mohammadifar, Y., Arab, A. (2013). Study on the Clinky Ware Composition in the Hamadan Region applying PIXE,
XRF, and XRD Aiming to Show the Similarities and Diversities. Paghobeshha-ye Bastan shenasi Iran, 3(4): 57-76. [in

Persian]. https://nbsh.basu.ac.ir/article 564 en.htmlrlang

Niknami, K. (2011). Advanced Quantitative Methods in Archaeological Data Analysis. Tehran: SAMT [in Persian].

Potts, D. T. (2014). The Coming of the Iranians. In D. T. Potts (Ed.), Nomadism in Iran: From Antiquity to the Modern
Era. Oxford University Press. https://doi.org/10.1093/acprof:0s0/9780199330799.003.0002

Pourbakhshandeh, K. (2003). Report of the third season excavations at the ancient tepe of Sarm, Qom province, Kabak section of Sarm
village. Tehran: Cultural Heritage Organization of Iran. Unpublished. [in Persian].

Pourbakhshandeh, K. (2002). Report of the second season excavations at the ancient tepe of Sarm, Qom province, Kahatk section of Sarm
village. Tehran: Cultural Heritage Organization of Iran. Unpublished. [in Persian].

Pourbakhshandeh, K. (2001). Report of the first season excavations at the ancient tepe of Sarm, Qom province, Kabak section of Sarm
village. Tehran: Cultural Heritage Organization of Iran. Unpublished. [in Persian].

Sanayeie Shua, A., Noghani, S., Samavat, F., & Ismaili Nojedehi, M. (2014). Investigating the chemical structure of Jalingi
pottery belonging to the Parthian era using XRF and PIXE analysis methods. In Physics conference of Iran. Iranian
Physics Association-University of Sistan and Baluchistan [in Persian].

Shaikh Baikloo Islam, B. (2023). Aryans and the Sea Peoples: Migration and Invasion, Responses to the Climatic Stress
in the Second Millennium BC. Persica Antiqua, 3(5): 15-29. https://doi.org/10.22034/pa.2023.384534.1039

Shaikh Baikloo Islam, B. (2022). Study on Demographic Changes and Spatial Distribution of the Iron Age Communities
of Iran with an Environmental Archaeology Approach. Payam-e Bastanshenas, 26(14): 33-49. [in Persian].
https://doi.org/10.30495/peb.2022.699723

Shaikh Baikloo Islam, B., & Chaychi Amirkhiz, A. (2020). Adaptations of the Bronze and Iron Ages Societies of North
Central Iran to the Holocene Climatic  Events. Climate  Change  Research, 1(2):  39-54.  [in

Persian]. https://doi.org/10.30488 /ccr.2020.111121

Shepherd, A. O. (1985). Ceramics for the Archaeologist. Washington DC: Carnegie Institution of Washington.

Stronach, D., Kleiss, W. Rosenberg, M., Huff, D., Burney, C., Bakhtiari, H., Huff, D., Pullar, J., Howell, R., & Keall, E.
J. (1979). Survey of HExcavations in Iran—1978. Iran, 17(1): 143-159.
https://doi.org/10.1080/05786967.1979.11834254

Stuart, B. H. (2014). Analytical techniques in materials conservation. Translated by M. Bagherzadeh Kasiri. Tabriz: Tabriz Islamic
Art University. [in Persian].

Talai, H. (2008). The Iron Age of Iran. Tehran: SAMT [in Persian].
Talai, H. (1995). Iranian Art and Archaeology in the first millenninm BC. Tehran: SAMT [in Persian].

Talai, H. (1983). Late Bronze Age and Iron Age I Architecture in Sagzabad, Qazvin plain, the Central Plateau of Iran.
Iranica Abntigua Leiden, 18: 51-57. http://pascal-
francis.inist.fr/vibad /index.php?action=getRecordDetail&idt=12324095

Tehrani Moghadam, A. (1997). The first-millennium BC cemetery of Pishva. Memorandum of Susa Archaeology Conference.
[in Persian].

Torkiha, M., Lamehi-Rachti, M., Kakuee, O. R., & Fathollahi, V. (2010). An external sub-milliprobe optimized for PIXE
analysis of archaeological samples. Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with
Materials and Atoms, 268(9): 1517-1522. https://doi.org/10.1016/{.nimb.2010.01.019

Vahdatinasab, H., Anvari, Z., Ghamari Fatideh, M., Sheykholeslami, A., Akbari, M. T., & Lesani, N. (2017). Dispersals
of the Aryans into the Iranian Plateau in the Light of New Genetic Discoveries, Case Study: Gohar Teppe Iron Age
Cemetery, Behshahr, Iran. Iranian — Journal of  Aunthropological  Research, 7(1): 117-143 [i

Persian]. https://doi.org/10.22059 /ijar.2017.65922

Vanden Berghe, L. (1964). La Necropole de Khurvin. Istanbul: Nedetlands historisch-archaeologisch Instituut in het Nabije
Oosten.

YYV| VFY pg 0)losd codd 093 ¢ Siwr (yliwls dmgls


https://nbsh.basu.ac.ir/article_564_en.html?lang
https://doi.org/10.1093/acprof:oso/9780199330799.003.0002
https://doi.org/10.22034/pa.2023.384534.1039
https://doi.org/10.30495/peb.2022.699723
https://doi.org/10.30488/ccr.2020.111121
https://doi.org/10.1080/05786967.1979.11834254
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=12324095
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=12324095
https://doi.org/10.1016/j.nimb.2010.01.019
https://doi.org/10.22059/ijar.2017.65922

Young Jr, T.C. (1965). A comparative ceramic chronology for western Iran, 1500-500 BC. Iran, 3(1): 53-85.
https://doi.org/10.1080/05786967.1965.11834401

Young Jr, T. C. (1967). The  Iranian  migration into  the  Zagtros. [ran, 5(1): 11-34.
https://doi.org/10.1080/05786967.1967.11834760

gy sl oslatwl b Slpl s ()5 slaailaw sJos Lio adlllas LIYAQ) e o3 Bl e g p ¢ SWgl chazmo ¢ ylinomo gl ;qul.cl.‘ﬂ

29,8l gimio oKl Lol pl o5 il S S U

oMol i oSl 1 5 6 S 0315,8L Sgmane do 5 . Su )b BT cblis g Canye )3 lge 55 (slabg, (VWAY) LL,L gl

8 Slye lojlis pyo (Sliwg) S8 iz b il p o Sl &5 Jol Jad (2915 ()15 (VWAL) g pud odiisn g
O puiilo )9»5

S lye lojlu o gliwg) S&S i 08 il ip o Ll &5 pod Jad (39S (515 (VAY) gpui cosiiSa g,
O il )9»5

S Sl lajls pyo (glisg) S S5 o8 il p o Sliwl A pog b (555 SIS (VWAY) gyus iz
FRWA yaw.o’”“ .)5»5

i (ool il olend )8 aoboly g dMes 51 8 ol o)lia oyl )sS (VWVF) sl piio Sl yos

.(\\NRA) u«)y.)lsj cdww c..\o.>| 5[45@‘).@(0 [Ave Y cd)%)‘éj&n (ywro ‘Lﬁ)ﬁl? 50}<).> ¢.\$9L;Lc)9$ c.)l? ‘ujbl‘“’ o.)l)w
Oialen Ve dsgerme 3llae (sla) IS E)b (25l Glpl 655 e ddlaie pg3 8l salin)sS 5 s S Jlhw Sin b
FYV=EYY OYAA LTV )l raiin (b, S olKiish ) 7 glgmman sblio g o)l Cyé )3 al pae ol oy

plo e (wlidlinly 2,509, b ol ol jae ol e (ST 5 (timer Sl ) (VF4)) UL Dl 51 G
XY (V)Y oliss ol

b LS){)A Olﬁl Jws u.ta| 5 &0 sloyac JL\J] @]9? slas,5 5l .(\Y’ﬂ‘\) KN c}é)*ol sl (Sl sl $lS o
DF=YA (V)Y olon g Ol Olypuis slojimghs . opwglon odldl (claslyg,
olRuiily = oyl SO el Ll ! b uil,aiS . PIXE o XRE )JLT gy 3l ool b SISl lyeo 4 leio
gl g G lanes

Lo (_Jl)-@(’ Mo )‘ J»ﬁ J5| Z)I).b Il U])"I P2y L;""L""’UL"”L’ (\Y‘W) Oy c@)ﬁo

2 S8l 0y93 55 plul (Sl Bblie (isne Cumdg oy (WAY) doore ¢ 1) (oY S8 (895 ¢ 03 0ol (3053 5o

AVEDNY DY (ol il ply 0y95 o) (sl abogmo 1 00 S sl (elo gl alKiyloj] adllas ol

aolibl LQ,»l Lg)..ol Ky S5 dumlio cps loaol il 7o)l 51 i 090 (sledlow (g pais ):JLJ (IR dudyo (oM
bl ol oSG 348 0y )l ol

Juad o))55 «Show 80,85 )3 . Show 3 oyl pas (cla Jlows ayp (Slodia [o)l55 «Show jd o] pae (WWAY) duos ¢ contd
A=NYS

FA=5N A ol il g 2oyl (o8 Cain 10 ol pdiadds dbgore 5)byd 4155 i jo (153 ;oS olK5eSw (CIVAY) e ¢ cound

Sl s > RI9 ails 5 Sogls” Go)l38 1Sl a5z 45 )3 (¥ 2l) & Sl (glomo (5Ll (ANYAY) dpo> (ot
8ISy ()5BS g (S e ollling s 3] e Sl 3l GBS 4 Shew (6)5L pgw Juad )15
M=0F (ol )bl

ohlus ;5 R18 R20 J21 slaasls o iglS (o) il 5 45 05 50 Sl (Kinnyd I (WWAF) o> ¢ contd

R3S 3 (Sim b Sl eling, 53l il ol 555 0 Kb 55T bt i 35S S
AFF-1 -0 pulisglinl 53Sings

Yle VF-Y 4r>9) D)LOJA::) (D 09 4u_’>.d.w UL.MJL 4\.@9)4


https://doi.org/10.1080/05786967.1965.11834401
https://doi.org/10.1080/05786967.1967.11834760

9 W= 0> Sol g JeuS (Priwcisb oS 5 (WAT) g« alllgeid el ¢ 2958 doomo ( Sladial oS 5 o po s 28
(FIVO cglatun (458 g pole dlome . Sl (B )3 (63)2Y 5y s 25 lp LWl g9 GLE §p s (il
Na-vE

cowoidd 1ol 0 polee lhed U (Siwgs (gl 3 ! 5o (6 8w g Jlaw (VWVA) dllcipw o )3 izl
(ol 10 gyt d9e5e0 a2 5 Dl BT 51 lal )5 (WVR) (0, ¢yads 8

Ll Lyl g ey ol doz 5 pgd A ol @3B 5 sl oSt (35S QLIS Shoos (WAR) (o9 (05
ooy
ot el (6 Ke53,5y s olies ¢ Kimd Sy S oyla] 5lya5 - oS5l olioly dogire (glasbglS (WWAR) Chusgs codljieona

PIXE : oy dw jl odlatwl b jlies ddlaio SIS0 050 (SidS Jlhw oSy addllas [(WWAY) e donl cye csing <3 slomne
NE OV AY)F el ) wlbid il la gt 5sled g alis ylise (ued Baa LXRD 9 XRE

A=A Y S aloe ST 45 (g5lis pd 5 gl Juad  Sledda b)) (VWOF) 33l ¢ 6] ot Sho

5 Sslore o, 0,58 gl Yo degazme .y jgome 45 50 (g ywS B Jlaw a3l gylaxe jd (g (IVVY) jax (LS oo
YFO-YOF .jouiS (Sidyd clypo .l (g5ko o
o 20l 5 sl ol laodly oo ) &bl A iy gloabey (VW) il JleS (ol

39,9 d)i:)l: (\\NRF) doxd ‘U;L.J ‘u.m.\w 56).«5] ‘ul.aL»)A.al c@M.wYI EA.AA) oo cb..\u.& d)AB ) ‘Lﬁ)|9’| ol [T u).\>9
W gl ol sl slaingly (it i (lysS) (S5 e slo 2l 5 )5 olal €36 4 oL )]
AYY

YY\cl VF-Y 9 D)LOJA::) (D 09 409.;;.“) uLA.MJlJ 4\.@9).1



	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	1. مقدمه
	2. مطالعات باستان‌سنجی با آنالیز عنصری پیکسی در ایران
	3. روش پژوهش/ مواد و روش ها
	برای انجام این پژوهش از روش آنالیز عنصری پیکسی استفاده شد. آنالیز عنصری پیکسی از دسته آنالیز با باریکه یونی است. در این نوع آنالیزها باریکه‌ای از یون‌های پرانرژی به نمونه برخورد کرده و با الکترون‌ها و هسته‌‌های هدف برهم‌کنش می‌کند. در این میان ذرات با...
	4. محوطه‌های مورد مطالعه
	۱-۴. استرک - جوشقان
	Pottery
	منابع   References

