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Figure 1. Location of the Chah Jamal metal smelting site. (a)

Map of Iran and the location of the Chah Jamal metal smelting
site in Yazd Province. (SAS Planet, 2017)
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Figure 1. Location of the Chah Jamal metal smelting site. (b)
Satellite image of the area and access routes to the Chah Jamal
ancient metal smelting site (SAS Planet, 2017)
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Figure 4. Location of samples collected from the Chah Jamal
(Khoshomang) metal smelting sites on the satellite image.
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Figure 2. Metal smelting site No. 1 and the remaining sections of the smelting furnace.
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Figure 3. Metal smelting site No. 2 and the remains of the smelting furnace.
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Table 1. Geographical location (UTM) of samples collected

from the Chah Jamal (Khoshomang) metal smelting site and

the types of analyses performed on each sample.

NAME X ¥ e
S1S

fg)‘m‘Tp/ 327005.7863 | 3589950.939 | ICP

YD-02TP/ | 3)6680.034 | 3589989759 | 1CP

1CP

YD-011-

Tp/icp | 3270044634 | 3589952.398 | ICP

YD-012-

TP/iCp | 3270038498 | 3589951099 | ICP

YD-022- 1 356885.9155 | 358999233 | 1CP

1CP

;{33_023_ 326881.9874 | 3589997.006 | ICP
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Figure 6. Slag samples from metal smelting site No. 2.
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Figure 5. Slag samples from metal smelting site No. 1.
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Figure 7. Microscopic images of thin and polished sections of slag from the Chah Jamal metal smelting site No. 1. a, b, ¢) Fayalite

and pyroxene in a glassy matrix (XPL); pyroxene appearing sporadically and acicular, and fayalite in a needle-like form; d, e, f)

Observed metallic phases including native copper and copper in sulfide form (possibly chalcosite). Abbreviations: Fa: Fayalite, Px:

Pyroxene, NCu: Native copper, Cus: Copper sulfide.


https://journal.richt.ir/kcr/article-1-368-fa.html

[ Downloaded from journal.richt.ir on 2026-08-11 ]

OO | VE-0 Jlao | YV oo oyl |V ojleus | 4 Jlo | Caopo g Cbilin Wils oy — cods doliluad

500pum

500um

= wrerie . A = a > o ___'__-_—_
500um i : > 500pum

Sl B 5255 5 s Ky & Sy (2, b, € Kiogtd Jlazoly ¥ ojled g abgmo (slao)lpw o 5 S ablie (5ugSeo gl A JS
NCudins Glic S gy Px: 1) laid] ,nwbs o 5 CedsS SIS (e £ g Cansl osmlito 15 o)l s oyte 13 0081 5 32y 90 4 &5 xnbs ymo (d (XPL)
@99{ CV:‘ L;t.u.lo U

Figure 8. Microscopic images of thin and polished sections of slag from the Chah Jamal Khoshomang smelting site No. 2. a, b, ¢)
Pyroxene in green and yellow colors and a glassy phase (XPL); d) Native copper visible as fine and scattered within the slag matrix;
e, f) Covellite and native copper minerals. Abbreviations: Px: Pyroxene, Gl: Glass, NCu: Native copper, Cv: Covellite.

Major Oxides in Ancient Copper Slags
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Figure 9. Bar chart of the main oxides in slag samples.
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Table 1. Results of chemical analysis of slag from the Chah Jamal metal smelting site using ICP-OES (main oxides calculated
from elemental data).

[ Downloaded from journal.richt.ir on 2026-08-11 ]

Sample YD-01-ICP YD-11-ICP YD-12-ICP YD-2-ICP YD-22-ICP YD-23-ICP
SiO, 68.37 68.005 64.702 68.71 67.229 67.852
AL O, 4.953 5.989 6.364 4.601 4.966 4.855
Fe O, 14.297 14.297 14.297 14.297 14.297 14.297
CaO 6.307 6.315 7.749 6.423 7.404 6.905
MgO 3.316 1.779 3.316 2.589 2.729 2.736
Na,O 0.691 1.8 0.901 1.123 1.027 1.03
KO 0.577 1.113 0.807 0.839 0.902 0.858
TiO, 0.153 0.288 0.29 0.166 0.185 0.18
MnO 1.194 0.187 1.396 1.052 1.055 1.077
PO, 0.142 0.227 0.178 0.2 0.206 0.21
Ag 1.11 3.76 1.66 2.7 0.96 1.19
As 13.4 21.4 12.9 36 18.7 20.7
Ba 384 232 288 302 290 437
Be 17 2.8 26.5 8.4 8.3 8.4
Cd 0.46 0.41 0.7 1 0.9 0.9
Ce 30 38 79 41 43 40
Co 238.4 159.3 521.9 179.4 144.9 150.6
Cr 22 61 31 29 32 28
Cu 21067 23793 22524 30457 15660 17265
La 20 27 38 23 25 25
Li 55 33 71 43 41 41
Mo 13.6 2.88 9.2 14.2 15.6 16.4
Ni 53 351 106 220 147 158
Pb 147 257 179 239 366 428
S 606 1167 218 2776 727 716
Sb 10.48 17.32 1.31 1.54 1.4 13.32
Sc 4.3 7.7 7 4.9 5.1 5
Sr 632 1258 716 3830 1123 1162
Th <5 <5 <5 <5 <5 <5
Ti 916 1728 1737 993 1109 1080
U <5 <5 <5 <5 <5 <5
\Y 35 62 52 34 37 37
Y 249 19.3 31.5 36.7 38 38.5
Yb 4.7 43 4.5 5 5.1 5.2
Zn 924 770 1499 2154 2244 2383
Zr 44 98 68 53 57 57
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