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Un nuovo studio archeologico e archeometrico sulle analisi delle pietre
semipreziose di Shahr-i Sokhta
Seyyed Iraj Beheshti, Yasin Sedghi, Seyyed Mansur Seyyed Sajjadi

One of the most important materials coming from Shahr-i Sokhta are various forms of
precious and semi-precious stones and jewels. Archeological evidences suggested that
the people of Shahr-i Sokhta had trade and cultural contacts with the east, west and north
civilizations during the Bronze Age period. Several materials and objects which have been
collected through the excavations conducted in different years confirm this preliminary
assumption. Besides, the materials found in the main parts of this city, including its
cemetery and Yadmani region, and several evidences of industrial workshops for cutting
and primary production were identified in the area surrounding Shahr-i Sokhta, in which
cutting tools, crude stones, unfinished and finished beads were found. According to the
study carried out by the authors on 345 stone pieces obtained from the archeological
excavations at Shahr-i Sokhta several sets of necklaces, beads and stones have been
studied. The stone jewels were made of various materials including azure gems, opal
(opal blue, red, yellow, smoky, soleimani and rhinestone), chlorite, turquoise (blue and
green), limestone, flint, jasper, marble (calcite and aragonite), quartz, green tuff, and
nectar, although also a number of beads made of gold, glazed baked clay and glass as well
as gold-plated beads were identified. This collection includes intact stones, unfinished
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beads, blades, appendages and un-raw stones with different usages, in various types
and sizes. On the basis of archaeological investigations of these above stone gems, the
scientific and laboratory study of the samples carried out archaeometry analysis using
thin-section microscopy, scanning electron microscopy equipped with X-ray Spectroscopy
(SEM-EDX), Raman spectroscopy and X-ray fluorescence portable (pXRF) methods. The
structure of the examined beads and stones in each group revealed that these materials
have similar structure and composition.

Uno dei materiali pin importanti provenienti da Shahr-i Sokhta sono le varie forme di
Ppietre preziose e semipreziose e, allo stesso modo, diversi tipi di gioielli. Tuttavia diverse
evidenze di laboratori industriali per il taglio e la produzione primaria di materiale di
lusso sono state raccolte anche nell area circostante Shahr-i Sokhta, in cui utensili da
taglio, pietre grezze, non finite, perle e materiale per la lavorazione sono stati rinvenuti.
Sulla base di 345 frammenti di pietra provenienti dagli scavi archeologici di Shahr-i
Sokhta sono stati identificati diversi gruppi di collane, perline e pietre, realizzate usando
diversi materiali tra cui la gemma azzurra, l'opale, la clorite, il turchese (blu e verde),
il calcare, la selce, il diaspro, l'alabastro (calcite e aragonite), il quarzo, il tufo; serie
di perle in oro e argilla a vetro smaltato furono altresi anche rinvenute. Questa colle-
zione comprende pietre intatte, perle non finite, lame, frammenti e pietre lavorate per
diversi usi, di varie tipologie e dimensioni. Sulla base di quanto rinvenuto dalle indagini
archeologiche, successivi studi laboratoriali e archeometrici (SEM-EDX, spettroscopia
Raman e pXRF) hanno permesso di ricostruire struttura e composizioni di ogni singolo
materiale.
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Spectra: LAJEVARD1
Element Series unn.C norm. C Atom.C
[%-.wt.-%] [wt.-%] [at]
Oxygen K series 45.59 49.30 63.49
Sodium K series 3.46 3.74 3.36
Magnesium K series 6.73 7.28 6.17
Aluminium Kseries 7.21 7.80 5.96
Silicon K series 19.11 20.67 15.16
Sulfur K series 0.61 0.66 0.42
Potassium K series 4.71 5.09 2.68
Calcium K series 4.57 4.94 2.54
Titanium K series 0.47 0.51 0.22

% Total: 92.5

Spectra: LAJEVARD2

Element Series
Atom. C

unn.C

-wt.-%] [wt.-%] [at]

norm. C

[%
Oxygen K series 44.55  47.59
61.91
Sodium K series 3.13 3.34
Magnesium K series 7.98 8.52
7.29
Aluminium K series 7.14 7.63
Silicon K series 19.61 20.95
15.52
Sulfur K series  1.02 1.09
0.71
Potassium K series 4.59 4.90
2.61
Calcium K series 4.98 5.33
2.77
Titanium K series 0.61 0.65
0.28

% Total: 93.6
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Spectra: Turquoise2

ASIE SO K o

=

B 5 1

“J,

Element Series unn.C  norm. C

Atom. C

-wt-%]  [wt-%] [at]

[%

Oxygen K series 60.15 55.15 70.40
Sodium K series 1.81 1.66 1.48
Magnesium K series 0.53 0.49 0.41
Aluminium Kseries 18.17 16.66 12.61
Silicon K series  4.79 4.39 3.19
Phosphorus K series 13.33 12.22 8.06
Sulfur K series  0.49 0.45 0.29
Chlorine K series  0.99 0.91 0.52
Potassium K series 0.71 0.65 0.34
Calcium K series 1.38 1.27 0.65
Iron Kseries 1.97 1.81 0.66
Copper K series 4.74 4.34 1.40
% Total: 109.1

1 ol pom
1K e b s
] e m W msE Wes

pectra: Turquoisel

Element Series unn.C norm. C Atom. C

[Yo-.Wt-%] [wt.-%] [at]

Oxygen K series 5823 53.11 68.74
Sodium Kseries 2.05 1.87 1.68
Magnesium K series 0.70 0.64 0.55
Aluminium K series 18.31 16.70 12.82
Silicon K series 495 4.52 3.33
Phosphorus K series 13.89 12.67 8.47
Sulfur Kseries 0.62 0.57 0.37
Chlorine Kseries 1.04 095 0.55
Potassium K series 090 0.82 043
Calcium Kseries 1.70 1.55 0.80
Iron K series 2.48 2.26 0.84
Copper Kseries 4.78 436 1.42
% Total: 109.6
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(Spectra: Agate(red

Element Series unn.C norm. C Atom. C

[%o-wt.-%] [wt.-%)] [at]

Oxygen K series 57.45 §57.83 70.65
Silicon K series 41.90 42.17 29.35
% Total: 99.3

norm. C Atom. C

Spectra: Agate3

Element Series unn.C
[Y%-.wt.-%] [wt.-%] [at]

Oxygen K series 56.42 50.72
Sodium Kseries 2.46 2.21
Magnesium K series 1.57 1.41
Aluminium K series 6.15 5.53
Silicon K series 35.53 31.94
Sulfur K series 0.88 0.79
Chlorine Kseries 0.78 0.70
Potassium K series 2.83 2.55
Calcium K series 1.83 1.64
Iron K series 2.79 2.50

% Total:

111.2

65.20

1.98

1.20

4.22

23.39

0.51

0.41

1.34

0.84

0.92
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Spectra: Agatel

Element
C

Serie: uwun.C  norm. C Atom.

[6-we-%] [we-%] [ac]

Oxygen  Koeries 4997 5135 66.00
Magnesium Koseries 078 080 067
Aluminium Kszeries 179 184 140
Silicon Kseries 37.04 3806 27.87
Chlorine  Kseries 352 362 1210
Potassiom Kreries 072 074 039
Caleium  Kseries 163 167 086
Iron Kseries 188 193 071
% Total: 97.3
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Spectra: Agatel

Element Series uunC morm. C Atom. C

[Ye-wt-%] [we-%] [at]

Oxygen  Kseries 5090 5101 6543
Maguesium Koeries 056 056 047
Aluminium Kreries 141 142 108
Silicon Koeries 4129 4138 3024
Chlorine  Kseries 228 229 132
Potassium Kreries 045 045 024
Caleium  Kseries 105 105 054
Iron Keeriee 184 184 068
% Total: 99.8
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Spectra: CALCITE

C

[Yo-Wt.-%] [wt.-%]

Element Series unn.C norm.C Atom.

[at]

Calcium K series

Carbon K series 23.65 23.65 32.34

Oxygen K series 59.00 59.01 60.56

17.34 17.34 7.10

% Total: 100.0

“““

Spectra: Aragonite

Element Series unn.C norm. C Atom. C

[Y%-Wwt-%] [wt.-%] [at]

Carbon K series 17.02 16.32 24.10
Oxygen K series 60.87 58.36 64.70

Calcium K series 26.42 25.33 11.21

% Total: 104.3
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Sample ; | qur. | Lapis | Agate | Agate | Agate
Aragonite Calite '

% QUOSE |y azuli | jasper | white | red
Bal 4178 | 5452 4612 | 3742 | 53 | 4896 | 4413
Mg 1.96 - 0659 | 717 - | 0430 | o0ass
Al 221 | 0384 1358 | 844 | 0081 | 0495 | 0.284
si 606 | 0479 1250 | 2987 | 4659 | 4957 | 5488
P 0.604 - 1259 - 0.0s2 | 01905 | 0107
s 0.023 | 0292 349 251 | 0.036 | 0.001 | 0.070
a 0.063 | 0226 0718 | 0350 | 0119 | 0053 | 0.076
K 0148 | 0043 0524 | 166 - | 0040 -
Ca 4451 | 4381 179 | 1226 | 0014 | 0135 | 0.058
Ti 0.065 | 0045 = 0019 | 0167 - - -
Mn 0.026 | 0.025 - - i : i
Fe 0127 | 0059 399 | 0058 | 0.008 | 0019 | 0.038
Cu 0.081 - 3.40 - - : i
As - - 0.074 - . . .
sr 228 | 0068 @ 0030 | 0.013 - - -
Ba 0.0s8 | 0030 0016 | 0021 | 0012 | 0.010 | 0.006
Zn - - 0.446 - - - -
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No Sample cm?!
1 Lapis 550-1100
2 Lapis 550-1100
3 Lapis 560
4 Turquoise 1020
5 Calcite 278-709-1083
6 Calcite 278-709-1083
7 Agate 200-450-1160
8 Agate 200-450-1160
9 Turquoise -

10 Turquoise -
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Sample RI
Turquoise 1.1-650.610
Agate 1.1-54.53
jasper 1.54
Lapis 1.50
Calcite 1.1-658.486
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Sample Specific Gravity
Turquoise 22-80.60
Agate 58.2-64.2
jasper 22-91.58
Lapis 3321
Calcite 2.2-65.260.71
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