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Abstract

Researchers and archeologists have always been interested in the elemental analysis of obsidian
artifacts. Measurement of the elemental composition of obsidians provides a lot of information about
trade and exchange between different regions and cultures in early societies. This paper reports and
discusses elemental composition results obtained from analysis of 17 obsidian artifacts excavated in
two seasons in 2018 and 2019 from the Tole Khari prehistoric site in the Pasargad complex in the
Fars Province of Iran. Elemental analysis of these obsidians performed by micro-PIXE technique in
Van de Graaff Laboratory in the Nuclear Science & Technology Research Institute (NSTRI) in
Tehran, Iran. In this research, to study the provenance of obsidians obtained from Tal Khari, we
combined and compared our results with elemental composition results reported from known
sources of obsidian in Anatolia and Armenia. The results show that the obsidians from Tole Khari
Tolclassified into two different groups based on elemental composition, in particular according to
the concentration of Fe203, MnO, TiO2, and Al203. By comparing the obsidians of Tole Khari
with obsidians from various sites in Anatolia and Armenia, it was found that the first group of
obsidians from Tole Khari overlaps with obsidians from Bingol A in Anatolia, and the second group
of these obsidians fits into obsidians from Nenezi Dag, Pasinler and Meydan Dag in central and
eastern Anatolia. Therefore, it is probable and possible that the obsidians excavated in Tole Khari
have supplied from known obsidian sources in Anatolia using a very long range of trade and exchange
network, which was about 1000 to 1900 km.
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Introduction

Chemical compositional studies have shown that the provenance of obsidian artifacts from any
particular source is determined based on their elemental composition [1,2]. Literature survey on the
provenance study of obsidians obtained from different historical sites in Iran indicates that there is
no comprehensive conclusion about the provenance of these historical artifacts. Several studies have
concluded that all obsidians found in Iranian historical sites originated from known sources in
Anatolia and Armenia [20-22]. However, some new researchers have challenged this assumption, and
they found clues that obsidians excavated in a few Iranian historical sites probably derived from local
volcanic mountains in Iran and originated from local outcrops [14,17].

Materials and Methods

In this study, obsidians discovered from Tole Khari have been investigated. Tole Khari is an ancient
site in the Pasargad complex in Murghab plain in northeastern of the Fars Province of Iran, which
dates back to prehistoric times and almost to the end of the 5th millennium BC. This area is an
elliptical hill with an area of about 110X 50 m and a height of about 2m (Fig.1). The obsidians have
belonged to blade or waste fragments and were obtained in an archaeological excavation in two

seasons in 2018 and 2019.

Micro-PIXE is one of the Ion Beam Analysis techniques based on the Van de Graaff accelerator that
means "Particle Induced X-ray Emission in micron-scale". The micro-PIXE technique is carried out
by bombarding the samples in a vacuum chamber using a high-energy proton beam in the range of
2-3MeV. During the interaction of the high-energy proton with the investigated sample, the
characteristic X-rays of the constituent elements emitted from the sample. The energy of X-rays of
each element is specific, which can be used to detect the elements present in the sample. Also, the
number of X-rays with specific energy determined the concentration of the elements within the
sample. With this technique, one can measure the concentration of Na (sodium) to U(uranium)
elements with an accuracy in the range of 50-500 ppm [35-36]. In the present paper, the micro-PIXE
analysis was performed with Oxford Instruments microprobe system using the 3 MV Van de Graaff
accelerators in NSTRI in the Atomic Energy Organization of Iran. The samples were analyzed using
a beam of 2.2MeV protons focused to a diameter less than 10 pm. The beam current was in the range
of 30 to 50 pA. Characteristic X-rays were detected using a Si™(Li) detector with an active area of 60
mm?2 positioned at an angle of 135¢ relative to the incident beam direction and with an energy
resolution of 150 eV for Fe-Ka. Samples scanned over a maximum area of 2.5 mmX2.5 mm, and
digitized signals were recorded in the list-mode using the OM-DAQ data acquisition system.
Moreover, the spectra were processed using the GUPIXWIN package to obtain the elemental

composition of the obsidians .

Results and discussions

The results obtained from the micro-PIXE show that the elements measured in all 17 obsidians
analyzed from Tole Khari include: sodium oxide (Na20), aluminum oxide (Al203), silicon oxide
(8i102), phosphorus oxide (P205), chlorine (Cl), potassium oxide (K20), calcium oxide (CaO),
titanium oxide (TiOZ2), manganese oxide (MnO), iron oxide (Fe203) and zinc oxide (ZnO). Sulfur
oxide (SO3), vanadium oxide (V203), strontium oxide (SrO), Rubidium oxide (Rb20), Yttrium oxide

(Y203), and zirconium oxide (Z120) were also measured in some of the obsidians.

The statistical analysis results and 2D scatter plots drawn based on the elemental composition of
analyzed obsidians[41-42] show that the obsidians from Tole Khari classified into two completely
different groups (Fig.4-6 and Table 1). In the first group (G1), which contains seven obsidians, the
amount of TiO2 varies between 0.13-1.16wt%, and the value of Al203 varies between 0.13-1.50
wt.%. In the second group (G2), which consists of ten obsidians, the concentration of TiO2 varies
between 0.5-0.5wt% and the amount of A1203 varies between 0.15-13.5 wt.%. Moreover, based on
the variation of the concentration of Fe203 in terms of Al203, the identified groups were also
confirmed. In the first group (G1), the amount of Fe203 changes between 2.50-50.50wt%, and
Al203 between 0.13-50.11wt% and in the second group (G2), Fe203 varies between 1.20-20.1wt%
and Al203 varies between 13.50-13.5wt %.
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Furthermore, to investigate the provenance of obsidians obtained from Tole Khati and to determine
the origination of these obsidians, our elemental composition results have been combined and
compared with the reported results from other sites in Anatolia and Armenia. The comparison results
show that the first identified group in Tole Khari obsidian fits into the obsidian from Bingol A, and
the second recognized group overlaps with obsidians from Nenezi Dag, Pasinler, and Meydan Dag

(Table 2) .

Conclusion

In this study, we aimed at answering the questions raised about the provenance study and the origin
of the obsidians obtained in Tal Khari. The results show that the obsidians from Tole Khari were
classified into two different groups based on elemental composition. In addition, the comparison of
our elemental composition results with reported results from other sites in Anatolia and Armenia
shows that the Tole Khari obsidians most likely have imported from other known sources of obsidian
such as Bingol A, Nenezi Dag, Pasinler, and Meydan through the trade and exchange network to the
Pasargad.
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Fig. 1: Location of Tole Kharti in the map of Iran and in the Pasargad region. Also, some adjacent areas such as
Marghab plain and Yaghoub mountain are shown in this map.

b aobl yio /A Gos U (6 Y &l 3 5ol

ey S S 4y
dopo A g sly VLol ()54 ol mls
P Siys cilisen ()93 )3 &S 39 gl il (j6)
bulgl) 0 dpi w0l Blgl) I gL
5 (P o o)l Blol) 55 o prlez o)l2
s L 5slS gl el 00 (635505 tizolkn
pcb w2 313 53 )b 3l Gl oy 315l 5l as o
iy Byl Sbgwy yio ¥ U Y/0 3q0 8L
ol ol oad cuilsl dbge Cilibl s Clé e
228l Spge 4 g g Sl > dbge
295 b (ool 0)53 )3 pllyu g 0l (SgSue

4 OBJ sy p liglel Clllas dndy
Gloles a5 20,5 o WY dad o Sl )>|9|
by ol » ole o bug gloasly
-l g @l (Jg s S sl S Lol (pulid bl
5 Lol oS pRed] 09.2513 l.md)h'» Q-l‘ L;l.m
MWkl Sl dbgoe (oulidlinl 8595 (sl
Shgls Jad 9> (sgwge (Jo Copte cov
B )5 WAV 9 1¥AF gl Jlu 3 sl sl
Ol el 4835 50 (6 Lol gy &
90 0 HBAY jshae & Sjald Jols o yogls
OeZed g oo XY g XY olal 4 S8 Al

ol o AVE Slal 4y Slad )3 00 pS (g)las

100 Ylimoj g jubs g 6l cpiss Jlw | b k4



gk .
= CJL‘ZAL? Ry liwl g o owlilasd gs

byl (ool olie ol 5o ol o 8L 5
3 Ol 5 (E3d8) Gloder St iz Sl (S
W oyl Sleginas g bl il ol ol ouds cads
5l 50 e S Wledel cund 4 clall; JIsgS
iy p2lie oy g 55 4y 5l 00 38
Ao pl pre 4 4o b Calpepd bl andly )

2595 Olgi o dbgome oS Camug &y Copnnd 05 8L,
239 by Hg gl I (S e ppl a8
P Pl 5 i ooyl > ola)lpl

ol 0355 )8 g 35 )Ll ddlais

s b oyl 0)eS bex (3L polie g Anled 4
w9 o8l 3 Wy g oS3l sl e Yieis!

]
B B slaghsls Juad g3 > e slaaidly
sl Jlaw dayl o Sete 5l 4 ol ol Caws @
o3l b (yboite Cjgo 4 (oSl )93 (6395 )b
boyge sl 6,500 bl cplpopdle
38 sl dnospe oIS Slocs Sy o e 31
(o g Syl s)lil (ool g Ero pue o
6P 5 (2L Ll g 0ad)lS by Jlw Slalad

Jlf)Lng [RLEC N ‘5)15 J.: )I @]}b Py R ng

Fig. 2: Aerial image of the Tole Khari in the Pasargad
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Fig.3: View of some of the studied obsidians in this study
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(not detected=nd) ppm 4 (%)

Table 1: Amount of main and trace elements for all analyzed samples from the Tole Khri in terms of weight

percentage and ppm (detected ton=dn)

mmw% Grogp NEO ALO: 8i0:  P:0s SO: Cl KO CaO T ViO: oz; Fe:03  ZnO  StO  Rb:0 Y205 ZiO»
(%) (%) (%) %) (%) (B (%) (%) (%) (ppm) %) (%) (ppm)  (ppm) (ppm) (ppm) (ppm)

Pl G2 403 1354 7528 050 0.09 008 442 041 0.07 93 0.07 143 120 nd 287 nd nd
P2 G2 4.49 1365 7475 049 0.12 008 427 047 0.10 nd 0.07 145 nd nd 274 nd nd
P3 G2 4.55 13.63 7467 045 0.07 0.10 426 046 0.07 95 0.08  1.40 157 nd nd nd nd
P4 G2 4.47 1421 7393 036 nd 0.09 4.15 060 0.07 nd 0.07 1.42 78 nd nd nd nd
P5 Gl 492 1207 7462 048 nd 0.17 426 0.7 0.14 95 0.04 281 236 nd 275 nd 708
P6 Gl 467 1186 7515 039 nd 0.16 425 0.17 0.15 nd 0.05 285 240 nd nd 432 1210
P7 G2 298 1462 75.12 054 nd 0.07 443 0.38 0.08 nd 0.06 1.34 115 212 nd nd 602
P8 Gl 3.83 12.74 7468 0.54 nd 0.13 425 0.18 0.15 125 0.05 3.29 229 nd 254 nd nd
P9 Gl 454 1275 7434 062 nd 0.13 417 0.18 0.13 118 0.04 2.60 199 nd nd nd nd
P10 G2 4.55 1399 7449 049 nd 008 4.17 058 0.08 104 0.06 1.35 124 nd nd nd nd
P11 Gl 3.54 1321 7501 040 nd 0.13 428 0.18 0.14 nd 0.06 299 295 nd nd nd nd
P12 G2 3.94 13.77 7473 048 0.3 0.1 441 052 0.08 nd 0.07 1.44 110 nd nd nd 609
P13 Gl 404 1203 7560 nd nd 0.15 436 022 0.15 nd 0.05 324 258 nd 240 nd 753
P14 Gl 3.77 1288 7498 nd nd 0.19 443 024 0.16 nd 0.05 296 204 nd nd nd 889
P15 G2 4.15 1369 7399 062 0.16 018 430 074 0.10 nd 0.06 1.50 77 338 nd nd nd
P16 G2 4.70 1478 7430 nd nd 006 402 037 0.09 175 0.06 1.34 nd nd nd nd nd
P17 G2 483 1438 7441 nd nd 0.08 4.00 030 0.08 nd 0.05 1.18 106 nd 164 443 914
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Fig. 4: (a) Changes in weight percentage of titanium
oxide in terms of aluminum oxide, (b) Changes in
weight percentage of iron oxide in terms of aluminum

oxide in obsidian samples analyzed from the site of
Tol Khari
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Fig. 6:(a) Changes in the weight percentage of iron
oxide in terms of manganese oxide, (b) Relative
changes in iron oxide to manganese oxide in terms of
the ratio of potassium oxide to calcium oxide in the
obsidian analyzed from the site of Tole Khari
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Fig.5: (a) Changes in the weight percentage of iron
oxide in terms of calcium oxide; (b) Changes in the

weight percentage of manganese oxide in terms of

titanium oxide in the obsidian samples analyzed from
the Tole Khari site
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