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Figure 1. Prehistoric sites and copper and tin deposits in Iran (Vatandoust-Haghighi, 1977; Pigott, 2004)
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Figure 2. Location of the Dehneh Lashkar metal smelting site. (a) Map of Iran showing the position of the
Dechneh Lashkar smelting site in Yazd Province. (b) Satellite image of the region highlighting access routes to
this ancient metal smelting site
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Figure 3. Overview of the extent and visible surface remains of the Dehneh Lashkar metal smelting site
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Figure 6. Microscopic images of thin and polished sections of slag from the Dehaneh Lashkar smelting site. (a) Fayalite
and pyroxene in glassy groundmass (XPL); fayalite appears as acicular crystals with distinct interference colors, and
pyroxene is scattered throughout. (b) Quartz and pyroxene in glassy matrix (XPL). (c) Glassy phase of the studied slags
(PPL). (d) Bornite mineral and native copper; bornite appears as light gray. (¢) Gray bornite and dark blue covellite
phases. (f) Bornite, native copper, and covellite; sulfide phases with metallic luster. (g and h) Thin section petrography of
furnace wall; quartz, void spaces, and the use of quartzitic sandstone in the furnace wall are observed

Abbreviations: Fa: fayalite, Px: pyroxene, Qz: quartz, Qtz: quartzite, Gl: glass, Vo: voids, Bn: bornite, NCu: native copper,

.Cv: covellite
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Table 1. Results of the chemical analysis of slags from the Dehneh Lashkar metal smelting site using ICP-OES (major
oxides calculated from elemental data).

SAMPLE YD-Rb-01-TP/ICP YD-Rb-02-TP/ICP YD-Rb-03-TP/ICP YD-Rb-04-TP/ICP
SiO2 45.01 54.23 4213 62.05
AlLOs 6.29 18.96 6.51 6.92
CaO 33.72 8.90 36.49 17.24
Fe203 2.62 3.08 2.51 3.16
FeO 5.96 3.95 5.93 4.94
K0 0.67 3.22 0.77 1.06
MgO 247 2.44 2.24 1.54
MnO 0.49 0.10 0.44 0.20
Na20 1.46 3.16 1.51 1.64
TiO2 0.35 0.90 0.37 0.57
Ag 2.14 0.99 213 2.44
As 64.04 42.93 61.19 100.28
Ba 4523.71 413.30 3449.92 701.20
Cd 1.39 1.34 1.57 091
Co 16.46 28.94 16.04 19.89
Cr 67.55 244.90 71.93 113.57
Cu 13958.33 688.34 15260.42 48510.34
La 14.74 34.62 15.85 22.35
Li 19.03 59.08 19.72 21.02
Mo 3.20 3.18 3.70 4.13
Ni 37.21 56.59 34.01 44.29
Pb 745.46 51.12 787.72 1847.13
S 0.19 0.12 0.14 0.46
Sb 23.81 4.87 18.45 17.90
Sn 6.45 13.83 9.37 13.23
Sr 3050.16 1788.37 2721.38 1592.60
Th 8.40 2243 11.38 10.85
U 1.57 1.66 1.41 2.00
\Y 216.09 141.71 284.49 143.51
W 63.27 2.00 54.17 224.53
Zn 6651.77 190.51 5680.38 22972.52
Zr 61.03 106.65 64.77 68.40




oyl yos (o 5 (S5 Slolllae 2 0SB (ploly g L) Setd el il abogomo 3 316 g3 (SUlas (g

by | cblis s il ¥
slooylpw (sl Eotie slad )l (0 pasuia b ojgyal Cung gy (40 ol b kS )3 sladb el cllis
MR8 35 s (oyme )3 6) 536 (1S ladbge )3 diedyl Blge (pl fodizle g 0diS p Glgied edlatul wile) (Sl
(Nezafati et al., 2017: 4) ol 03,5 laingd |y 15 opl o orS )38 0 Lol bl dogi 5 (BT dguaS ailass 5
5 Ot (ame SBLEST Ly @ iy 518 ()55 (S sladbgre (e3> & Sl gl Sl il sl 2 0gMe
RS S0 Jalgds s & yel opl ((Nezafati et al., 2017: 8) w48 )3 )8 Co 56 (5420 50 wds (6)S0ure slacu]led
S (0390 55 1) )3 sladbogone Sl gyl 4 00 e 31

I St 95ee ot blis IS sy 3508 5 )15 (g yid dag] (Soliblign b oblio ol (bli> @S
Slllhe yudn ol ()51 (RS Slarabgne dise )3 Ay g pomaie 0 Syl Ol 3929 pas da e (3 et
Madyy sy pis g (SBLed > 4 dadbge cul Sl o)l Slodgr (63)90 5 0Ty Cpgody il el
Saced )b (g Ll b oS conl 33 Gl 052 5 (b9 ddlaie (g cnl dloa lblonis c g Lol join (ulid sl
cdxte glol s (sloabgmo g 035 (6 )38 (slaclled S50 o il g9 g ol oy (e (e (2B S S 5 (rebo
i3l peud Wl e e ol 33 wmasie by o g5 loads  plwlid jeim byl 5l oyl a5 Cnl 03> (sls 365 3 1,
S oalyh o 5 cblis (gl |y a5 03,8 S8l |y dimijy) &lyea ol 5 Jlglyd i pogad cnl 3 Lo il

S5 S A
Slllo 41 51 (o5l (slasil olis 5 orbel il IS 55 o)y (poll (sla s & gl San b imsiy ol
e 2yl gl Bas 0,68 ol & amd s L5 gl ol ool 1K) wilad 516 g Abgie abawd (sl sl 5 31,55,
odalin Cowl 039 1 dlgo el @ite lgisdy Jlio dy (slo,ludls’ 51 oolil JS5ky o)y )3 (59, youds 5 o >k
o3l 3y50 (Lol BB Sixe 03l K g5 () Yl a8 J2d o s dbgsre jd e ol5alS s o555l slaSiw
Slallae 3 .85103,S" Jos 35 (Mo lgicds uaw (YL 2o )> Judsas o] 5l e lyscil p 0gde 5 Xilodgy 0,98yl 4
ol g0l 068" ol 01,8 Bl a0 VYV e =3V e glod odimd L a8 odd gl clbls SIS dao by (opl (0Kiwg ) Ses
Oy ilgw (Same odlo plb St Sl odlitl I L5 &8 Ad pLolid 5 Cuiygr 9 CulgsS Sl S (S g lalllas
aalllae opl ool oad able wo (gudlgw cladlS Jhastisl 5 sd CBua b6ysS cpl ol plo cunl 03gs 0,65 opl STye5
dbge 45 1o )5 ST oS (So5)9lkie (sl g yolid 5 i @lyse 5l cbilis Coonl by ale (ojlodiiue p ogMe
ole Elyn 5l Ll eliges a8l ] I8 b 5 gl il (gysl g1 S b Lalus  sumli e S ilad g
20 RS g0 ol 3l syh cblin g 292 anlsS Lol (9306 Dygo )3 &S 39,0 laday 58 (oS Wljglid

cﬁ)‘}i“l:f‘“

e 35 Sily e 755 b a3 QLT 15 (31,555 qblie adllls 5 ad sl (e @l e 55 BT
CS bl epyizzan 08 (o0 S5 dilareis )5 SaS Jirgh (nl gt 4 &5 Wyl llaialai &Ll gl SUa Y peige
)5 odige B Clix g (BLasST yioe pa) o3ljpanl ) osize (S8 Qi 0394 chual e pole g wrdine (ulidpe
o35l S Ghmgy cnl Syl )3 (6550 A &5 Ay o slacales 5 (Setwad Slidy Jdday  Jels y00)

25155 3939 wdlio 3Las dlie oyl 5> 1 @8l LS
sl 0391 (i3 ol (ol (Kim B g (Sl Bl sy g Cblis 0aSiimng; 1(Sgir0 9 (SOl (ylols

sl gy BB Sl 54k Sly ol ot g jLis] 5 adllas () pB glaosls (031> Ay o pwsd

BEVEE g | VY e byleds [ ) Syleds | pain Jl



References | galio

Beigi Harchagani, T., Hashemi Zarjabad, H., Ghorbani, H. R., & Barani, H. (2015). Archacometallurgy and
ancient mining research in South Khorasan: With emphasis on archaeological surveys and petrographic
analyses. In Proceedings of the Second National Conference on Iranian Archaeology, Birjand, Iran.
https://civilica.com/doc/540989[.1n Petsian].

2 RS GSame g (5, egiS T slagingsy (WYAF) 2 Ll g oy g (Bl g bly) edile b (e (Ko
o s Gpaps EVlia degarma 3 S5 hile 5 ulibglialy slagu 2 455 b i ol
[https://civilica.com/doc/540989. )| | iz yus . 5lu/ | awliad s liwls

Aistou, L., & Milenko, B. (1996). Geological map of Bayazeh at a scale of 1:100,000. Geological Survey and
Mineral Exploration of Iran. [In Persian]

(e BT 5 (cwlidope) lojls il liaaaSy (obiie b (owlidope) 428 (NYVD) o e5Sikie 5 o 5]
B

Bernbeck, R. (2004). Iran in the Neolithic. In T. St6llner, R. Slotta, & A. Vatandoust (Eds.), Persia's ancient
splendour, mining, handicraft and archaeology (pp. 140—147). Deutsches Bergbau-Museum.

Chegini, N. N., Helwing, B., Parzinger, H., & Vatandoust, A. (2004). A prehistoric industrial settlement on the
Iranian Plateau—Research at Arisman. In T. Stollner, R. Slotta, & A. Vatandoust (Eds.), Persia's ancient
splendour, mining, handicraft and archaeology (pp. 210-216). Deutsches Bergbau-Museum.

Frame, L. (2010). Metallurgical investigations at Godin Tepe, Iran, Part I: The metal finds. Journal of
Archaeological Science, 37(7), 1700-1715.https://doi.org/10.1016/}.jas.2010.01.030

Hole, F. (1987). The archaeology of western Iran. Washington, D.C.

Hole, F. (2000). New radiocarbon dates for Ali Kosh, Iran. Neo-/ithics, 1(00), 13.

Mortazavi, M., Salehi Kakhki, A., Golozar, M. A., & Talai, H. (2011). Preliminary metallurgical investigation of
copper-based artifacts at Tepe Sagzabad in Qazvin Plain, Iran (1500-800 BC). Iranian Journal of
Archaeological Studies, 1(2), 49-59.https://doi.org/10.22111 /ijas.2011.468

Nezafati, N., Momenzadeh, M., & Ahmadi, K. (2017). A Road Map for the Ancient Mining and Metallurgical
Studies in Iran. Journal of Research on Archaeometry, 3(D), 77-98.
http://dx.doi.org/10.29252 /jra.3.1.77[In Persian]

Aot wolpl 20 rS G 5 (o)Sume Sldllas oy ald (VYAF) L elS (ghen] g {udiye w0y poge e ¢ Bl
[-http://dx.doi.org/10.29252/jra.3.1.T7AA=YY (V¥ ¢ o yliwls

Oudbashi, O., & Mishmastnehi, M. (2020). Archacometallurgy of copper in the Middle Elamite period of
southwestern Iran: Analytical investigation of various patts of the copper production in Haft Tappeh.
Journal of Archaeological Science: Reports, 30, 102216.https://doi.org/10.1016/}.jasrep.2020.102216

Oudbashi, O., Emami, S. M., & Davami, P. (2012). Bronze in archaeology: A review of the archacometallurgy
of bronze in Ancient Iran. In L. Collini (Ed.), Copper alloys—FEarly applications and current performance-
enhancing processes (pp. 153—178). InTech Open Access Publication.

Pernicka, E. (2004). Copper and silver in Arisman and Tappeh Sialk and the early metallurgy in Iran. In T.
Stollner, R. Slotta, & A. Vatandoust (Eds.), Persia's ancient splendour, mining, handicraft and archaeology
(pp- 232-239). Deutsches Bergbau-Museum.

Pigott, V. C. (1999). The development of metal production on the Iranian Plateau; An archacometallurgical
perspective. In V. C. Pigott (Ed.), The archacometallurgy of the Asian old world (pp. 73-106). University
of Pennsylvania Museum Press.

Pigott, V. C. (2004). On the importance of Iran in the study of prehistoric copper-base metallurgy. In T.
Stéllner, R. Slotta, & A. Vatandoust (Eds.), Persia’s ancient splendour, mining, handicraft and archaeology
(pp- 28-43). Deutsches Bergbau-Museum.

Roustaei, K. (2004). A major manufacturing centre at the central plateau. In T. Stéllner, R. Slotta, & A.
Vatandoust (Eds.), Persia’s ancient splendour, mining, handicraft and archaeology (pp. 222-230). Deutsches
Bergbau-Museum.

Scott, D. A. (2002). Copper and bronze in art: Corrosion, colorants and conservation. Getty Conservation
Institute Publications.

Thornton, C. P. (2009). The emergence of complex metallurgy on the Iranian Plateau: Escaping the Levantine
paradigm. Journal of World Prehistory, 22(3), 301-327.https://doi.org/10.1007/s10963-009-9019-1

Thornton, C. P. (2010). The rise of arsenical copper in southeastern Iran. Iranica Antiqua, 45, 31—
50.https://doi.org/10.2143/1A.45.0.2047118



https://civilica.com/doc/540989
https://doi.org/10.1016/j.jas.2010.01.030
https://doi.org/10.22111/ijas.2011.468
http://dx.doi.org/10.29252/jra.3.1.77
http://dx.doi.org/10.29252/jra.3.1.77
http://dx.doi.org/10.29252/jra.3.1.77
https://doi.org/10.1016/j.jasrep.2020.102216
https://doi.org/10.1007/s10963-009-9019-1
https://doi.org/10.2143/IA.45.0.2047118

s o 5 5550 Sl AT (plol i L) 80 s il oo )3 15 055 (Sble oy

Thornton, C. P., Lamberg-Karlovsky, C. C., Liezers, M., & Young, M. M. (2002). On pins and needles: Tracing
the evolution of copper-base alloying at Tepe Yahya, Iran, via ICP-MS analysis of common-place items.
Journal of Archaeological Science, 29(12), 1451-1460.https://doi.org/10.1006/jasc.2002.0809

Vatandoust-Haghighi, A. (1977). Aspects of prehistoric Iranian and copper and bronze technology [Doctoral
dissertation, University College London].

Bachmann, H. G. (1982). The Identification of Slags from Archaeological Sites. Institute of Archaeology,
University College London.

Hauptmann, A. (2007). The Archacometallurgy of Copper: Evidence from Faynan, Jordan. Springer.

Craddock, P. T. (1995). Early Metal Mining and Production. Edinburgh University Press.

O VFF g | VY byl | ) Syleds | prin Jl


https://doi.org/10.1006/jasc.2002.0809



