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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

L gy 9190 .F
B ogd slaoylopuw 51 513 2905 Y - F
s, ol 4y ISl a8 sl 50 o LIS o) (Kimyd (50 (sl 5,6l (o0t s (sla g, ll 52) o paiged
5 i)l 90 1y 395 ele slao)liS g ©lus ) b ams e |y cum b nl (lSingy 4 g djleiee @il ) ode Waimggy
Stizaj > 2aL)lS oS g oo ingy 5,509y Ky 0500 PR Slyme Sl Cbli> 290 (sl o gl 31 g wmd 415 (0]
ol Gty g dung g Clegdge G5 g (g i)l o 4 Glpl p3 ] claans (Kin b @le pole Cliios
CS bl GbhlS B it wdine 5 (58 sladid) 3 e (I I edlil Cuew 4 iliSe psle >
(S ptigas i (535 (Soanly Bane (BLagkol 5 (Kb Slge rtwplinl sladdos (V51 sl 5 ) 15 n
Attioli, 2010: ) 5,15 laodly yuwds g (55135 ¢ aKuinloj] (sla oo sladisa g oloj  alKiilos] (sla gy 5 g8 el
0l ds o3lul 4y cruors (g0 pdiged bl Maled oS ole (55 o liol (sleodls (38> (g)l> pdiges ey (15
(Shackley, 1998) 435 oo Gao (5 iano J) o) (oolid ol 5 (Kimjd slse plos (gl 9090 cul 5 3,15 ol

Ban b (gl paiged Cunss ol (phl cuty b)) jSid ailad Sl 5 0gd abge Canwg 4 429l b gl ol
B9 Olpsd (haw Glaley 45 bl dbgoe oLl 039450 (sl 9 (raw Galen B2sb J Gpre sbrdiges Sl
ool (Sl 5 gol> Jidigy U ad 485 )54 cogd sladbgme )3 (S50l bl (plolid (sl 5)laikl
Jds a0 a8 wl Ol (e Yo X ¥o) @pe gio Foo o) Colun b (glodgame o wll oyl g ] oild dbogome 13 39390
o 00)5 (plolid dbgoe (S5l slaculled sanled (S lyisd (e 93 slaojlyw 4295 LB 55 5 YU oS
8l (418 zobhaw b platel) (sG5ledy90 (ol U oy juw) Oy Jold calote 995wy Slo sl Shg b (siwd digei V-

WY VEF Sl | VY olodjleds | ) bylas | i Jlo



oo g i 2313 ol fuad

JS) s Lg),T@; Wl o i 1y iolu,d g (Sjlem liie o yieS &S o o Sl WY B Y) 031l g (650 b Jsdiia)
wolyd ) 29 (olerd gy g (BlS g0 Slallls plonil gl o)l (So58 5 olosd g9 (lSail bl (pl 5l Bua (¥
$5350,5 Jlol dbogsye 38 50 4 (2B}l cla BT (¢l g ud oLdlas obcudse g o)lI5HS cdd b ladiges

332020 332030 332040 332050 332060 332070 332080 332090 332100

3665460 3665470

3665450

3665440

o
(]
<t
w
©0
@0
™

3665420

3665410

=
T T 1
332020 332030 332040 332050 332060 332070 332080 332090 332100

Slojlsale pans jo ,Sid dilad J8 Cgd dbgore jl odicuily p (sladises Cuxdse ¥ IS5
Figure 4. Locations of samples collected from the Dehneh Lashkar metal smelting site on a satellite image
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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 2.13 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
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