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Fig. S1 – Macroscopic images of: (a) an ancient Fe slag from Sant’Andrea site showing a vesiculated texture; (b) a medieval Fe 
slag from Gualdarone site; (c) the spongy texture in a medieval Fe slag from Valle della Nivera site. (d) Backscattered electron 
images of Fe-oxides crystals in the Fe slags, composed of two different phases: ancient Fe slag from San Giovanni site (left), 
medieval Fe slag from Valle della Nivera site (right). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S2 – Macroscopic images of: (a) a Cu slag from Baratti site showing many vesicles and inclusions; (b) a medieval Cu slag 
from Rocca San Silvestro mining village showing flow textures both on the surface and on the cut portion of the sample; (c) 
medieval Cu slag from Schiumai site showing a flow of molten slag that rapidly cooled on an already solidified one; (d) a 
modern Cu slag from Etruscan Copper Mines site, showing large crystals of olivine and clinopyroxene.  



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. S4 –Electron microprobe analyses of elements concentration in glass compared to bulk chemistry composition of slag 
samples. Samples from Massa Marittima district are reported as “(MM)”. 

Fig. S3 – Macroscopic images of: (a) an ancient Fe slag from Poggetti Butelli site, owning a vesiculated texture and a 
weathered outer layer; (b) a medieval Cu slag from Marsiliana site showing an uneven and partially shattered surface; (c) a 
medieval Cu slag from Rocchette Pannnocchieschi site; (d) two examples of modern Cu slags from Forni dell’Accesa site, a 
large crystalline sample  showing well defined flow textures and a smaller glassy sample strongly resembling a natural 
obsidian except for the greenish colour. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S5 – Viscosity index after Bachmann (1982) plotted versus copper concentration in the copper slag samples (a), and 
viscosity after Giordano et al. (2008) (b) calculated for temperature = 1100 °C. Estimated temperatures after Bachmann 
(1980) and Allibert et al. (1995) plotted versus copper concentration (c), and Cu+Zn+Pb concentration (d), in the copper 
slag samples. Legend: CM: Campiglia Marittima; MM: Massa Marittima. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table S1 – Electron microprobe analyses of glasses from two modern copper slags from Forni dell’Accesa site (Massa Marittima), one ancient iron slag sample from San 
Giovani site (Elba Island) and one medieval iron slag sample from Valle della Nivera site (Elba Island). 



 
 
 
 
 
 
 
 

Table S2 – Electron microprobe analyses of silicate phases (olivine and clinopyroxene). Results are reported in wt% and in a.p.f.u. calculated on the basis of 4 oxygens for the olivine and 6 oxygens 
for the pyroxene. 



 
 
 
 
 
 
 
 
 
 
 
 
 

Table S3 – Electron microprobe analyses of sulfides. Only results for copper/lead slags are presented as no sulfides have been detected in the iron slags. Results are reported in wt% and in atomic 
percentages.                  

            



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Table S4 – Electron microprobe analyses of iron oxides. Magnetite and wüstite in the iron slags were finely intertwined, at a scale finer than the size of the 
analytical spot, with dominant magnetite composition in sample TS_SG1, while the opposite holds for sample M1B. Results are reported in wt% and in 
a.p.f.u. calculated on the basis of 4 oxygens for magnetite and 1 oxygen for wüstite. For magnetite, the FeO/Fe2O3 ratio was calculated following Droop 
(1987). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table S5 – Chemical analyses of iron slags. Major elements analyses by ICP-OES, trace elements by ICP-MS. LOI has been 
corrected inferring the total iron content as Fe2+. 



 
 
 
 
 
 
 
 
 
 

Table S6 – Chemical analyses of copper/lead slags. Major elements analyses by ICP-OES, trace elements by ICP-MS. (*) Data after Muti (2012), (**) analyses of samples of inferred charge used for 
the copper smelting furnaces. LOI has been corrected inferring the total iron content as Fe2+. 
The low total for sample US2255 is plausibly related to the high amount of metals (not analysed by ICP-OES) in this type of material. 



 
 
 
 
 
 
 

Initial melt 

composition 

(wt%)

BB_01 BB_03 RVC_01 RVC_04 TS_MC3 RS_05 US 2289 A 2000 FO3 FOA-B
MR.234.03.

B1
MR.234.01 RA_02 RA_03

SiO2 33.4 33.5 39.1 37.6 34.4 34.9 40.8 36.8 47.6 49.2 42.3 38.6 51.5 47.6

TiO2 0.05 0.05 0.19 0.23 0.22 0.19 0.07 0.03 0.40 0.17 0.04 0.03 0.18 0.22

Al2O3 1.49 1.45 4.49 5.31 4.70 4.23 1.77 1.01 11.05 4.95 1.68 1.37 4.95 6.58

Fe2O3 1.58 1.64 1.59 1.60 1.99 1.71 2.13 2.09 1.41 1.73 2.18 2.37 1.82 1.94

FeO 51.1 50.7 44.5 41.8 43.8 46.3 40.0 48.0 19.9 31.7 36.1 38.2 16.6 20.7

MnO 1.86 2.12 1.19 0.87 0.97 0.98 2.13 1.55 1.04 0.30 2.10 2.42 0.22 0.29

MgO 0.68 0.67 0.78 0.83 0.97 0.88 0.62 0.41 2.98 0.94 0.92 0.81 0.51 0.63

CaO 9.38 9.38 6.28 9.38 11.4 9.36 11.9 9.97 12.5 8.3 14.3 16.0 22.6 20.1

Na2O 0.13 0.15 0.27 0.40 0.21 0.23 0.09 0.03 0.26 0.25 0.14 0.08 0.12 0.11

K2O 0.22 0.30 1.23 1.57 1.01 0.96 0.31 0.04 2.48 2.15 0.26 0.11 1.30 1.64

P2O5 0.10 0.12 0.35 0.34 0.34 0.32 0.18 0.06 0.25 0.23 0.06 0.03 0.14 0.17

T (°C) 1397 1339 1198 1328 1146 1245 1092 1083 1133 1113 1114 1106 1128 1123

 ƒO2  buffer COH COH COH COH COH COH COH COH COH COH COH COH COH COH

Forni dell'Accesa

Ancient 

(Baratti)

Medieval 

(Campiglia Marittima)

Medieval 

(Massa Marittima)

Modern 

(Campiglia Marittima)

Modern 

(Massa Marittima)

Valle di Capattoli Schiumai Rocca S. Silvestro Marsiliana Etruscan Copper Mines

Table S8 – Initial composition in oxides for the easyMelts software, calculated liquidus temperature and selected oxygen 
fugacity. 

Table S7 – Comparison between the temperatures 
(in °C) estimated from phase ternary diagrams An-
SiO2-FeO (Fig. 5a) and SiO2-CaO-FeO (Fig. 5c), and 
the temperatures (in °C) obtained from the 
modelling using easyMelts software. 

Modelled 

temperatures

An-SiO2-

FeO

SiO2 -CaO-

FeO
easyMelts

Baratti (BB_01) 1090 1145 1397

Baratti (BB_03) 1090 1145 1339

Capattoli Valley (RVC_01) 1090 1200 1198

Capattoli Valley (RVC_04) 1110 1150 1328

Schiumai (TS_MC3) 1150 1120 1146

Schiumai (RS_05) 1130 1130 1245

Rocca San Silvestro (US 2289) 1090 1145 1092

Rocca San Silvestro (A 2000) 1080 1125 1083

Etruscan Mines (MR.234.03.B1) 1120 1140 1114

Etruscan Mines (MR.234.01) 1145 1130 1106

Marsiliana (FO3) 1260 1400 1133

Marsiliana (FOA-B) 1240 1450 1113

Forni dell'Accesa (RA_02) 1315 1350 1128

Forni dell'Accesa (RA_03) 1300 1280 1123

Estimated temperatures
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