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Abstract; Tracing the mineral sources of ancient metal products helps to explore metal circulation and
cultural exchange between ancient civilizations in different regions of the same era. This has always
been a research hotspot that has attracted much attention from the archaeological community at home
and abroad. Among the numerous methods for tracing ancient metals, Pb isotopes are currently the
most widely used due to their early maturity in basic theory and experimental methods. This article
summarizes the principles and methods, and provides important examples of the application of Pb
isotopes,in research related to tracing ancient metal products. Furthermore, current limitations are
briefly analyzed and future application prospects are listed. Theoretically, different deposits can be
distinguished based on their Pb isotopic composition. During the metallurgical process,Pb isotopes in
bronze vessels do not undergo significant fractionation, which meets most of the prerequisites for
tracing ancient metal products. The Pb isotope methods for tracing the sources of ores in ancient metal
products include the simple comparison, characteristic parameter, and isochronous methods. The
simple comparison method and characteristic parameter method are mainly applicable to the sources of
Cu-,Pb-,and Ag-bearing ores in ancient metal products. By contrast,the isochronous method is mainly
used to trace the source of Sn in tin ingots and lead-poor and tin-rich bronze vessels. The limitations of
Pb isotope tracing research mainly lie in the effects of overlap and mixing. It is proposed that
comprehensive traceability research should be carried out using reasonable mathematical statistical
methods that combine data of Pb isotopes,nontraditional isotopes (e. g. ,Cu,Sn,and Ag isotopes) ,and
trace elements. It is better to break away from the research paradigm of matching metal products with
geological sources (mineral deposits) ,and instead,aim to reproduce the path of metal circulation and
cultural exchange between ancient civilizations and develop solutions similar to the “Oxford Research
System”. The methods mentioned in this work provide important approaches and research directions
to address the mixing effect.
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.. ., B Palaikalstro LM III .
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207Pb/206Pb

& A B Cyclades #0 Crete $i25/5 f025 Pb EAIE A MK (1% B Gale and Stos-Gale, 1981,1982)

Lead isotope analysis of Bronze Age copper or bronze artifacts from the Cyclades and Crete
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Fig. 6 Pb isotope ratio of bronzes in Fu Hao’s Tomb
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15 AN B R 121 PR A RS ITRE T Ph [ £33
B T8 kX A A e L A S A S, P AR
PiEF Autldn, Ayutla, Bastan A1 Inguardn 4 K#”
1L 2k V5 25 V5 B Atoyac Fll Urichu 5t hik i R 254 5C
Yy, Lk K Aztec 3 Yautepec A1 Cuexcomate 5tk |
Huastec H1.0> Platanito 1 Vista Hermosa 35 it .
A Lamanai i 3k . Oaxaca M Paredon i 3ik #
Chiapas M Soconusco i X 14 # 53 3C ¥ 2 {1t T 46
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39.0 3
| < Autlan
38.81 [m] Ayutla
) o Bastdn
gEFl Inguaran
ﬁ 38.6 O R @ Atoyac
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38.0 . 1 1
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206Pb/ 204Pb

B 7 +H £ Atoyac, Urichu, Cuexcomate, Yautepec,
Cuexcomate, Paredon, Soconusco, Vista Hermosa)
Platanito 1 Lamanai & it H T $A 8% /5§02 Pb E{L &
ZH R (&3 B Hosler and Macfarlane,1996)

Fig.7 Lead isotope ratios of copper or bronze artifacts
from the Atoyac, Urichu,Cuexcomate, Yautepec,
Cuexcomate, Paredon, Soconusco. Vista Hermosa,

Platanito and Lamanai
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Desaulty et al. (2011), /
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CEU/MPh) I« fH G Th/*° U , H L, w] DIAR 4
)8 At 1 Ph R R HAE Al BT R Ol e/
A Y30 5T AR AR CEIVBE AR 188 LA S IR X e [ 1
B, H5 B 7R BT A0 R UE

Albaréde et al.
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4 (Desaulty et al., 2011; Albaréde et al.,
2012) 5 fE 8 1 B AR AR -7 Th/ " U Go) &l fig I
AR TR A X (E 8- A LR T A Cu, Ag [A]
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ﬁ 0% Oe ¢ © e 00 ¥ B gE =
£ 3.90f T — it~ TS 0.0 PR 0P8 oy LI
~ K KA / AL /%
% @\ 751272-1553) %ré;\ol& b e ©
- b~ -0.2F ®
3.85r 0% o (AJTl1553-1649) °
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Ella, Ellb, Ellc, Elld: IR 35 1 — 30 R A 7= 1 4R T

Jala, Jalb: f& %0 3r — 590 ) 26 7§ A 0
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8 R hittARRIM HIEEMBEIFHEMA Th/U L E-#E P ERERERS ' Ag-6” Cu BfR
(5] B Desaulty and Albarede,2013)

Fig.8 Th/U ratio vs. tectonic Pb model ages for silver coins from England,

medieval Europe,Potosi,and Mexico and ¢'’ Ag vs. 8% Cu

(A)FEH 2 PR LI E B G-F4- T4 Th/U e i-#H & Ph X FH B M#; (B)e' Ag-6”Cu B #

PE— 2 XM 222000 15501650 4F (Z1EAE
—{H~ A — O R T Pb, Cus Ag [A 32 5% 73 Hr
R I — 2 A SEA AR T Ag FEEOR
A R T DY U6 PR s R F SR VY RE Y Ag 7E i
— 1 S = e AR TR 0l A A L {EOR A AL B
DX CRFE VYA DO B9 AR 2 ST RAR /s (L — 1] o 25 Pl —
BT A RE & ChId) (] 8) . i FiX —Z51 519
PEIFAE I WA 09 A 77 3 SR AN AT % AF N 2R
VO R AR 77 0 VAR 1] AR 3T O T R R
DX CUAT P DX AR 7 1) AR AR P RE 18] 75 o 11 1)
T E TR A R E ) AR AT RE A TE — AR AT

PE— [E 4R 57 5 B 2% (Desaulty and Albarede,
2013),

HI T 7 AE 2 B0k BB 96 Al B2 0 1 A B AR 0
p B e (855 30 B(5 B RE RS TE B Z W AE 0 IR K%
FC Pb [ 7 28 B4 11 D0 T 45t b T 5 M BR A
FERHEN, AR S EEE TN, B
B RAEZEOEC 5@ B B MG, 455
Cu.Sn, Ag G A AL R LU S i oo R . 3[R
oy M i JE i A b Cul Pby Ag 55 & R 97 41 R
P8 (Wood et al. , 2019; Albarede et al. , 2020;
Hsu et al. ,2023),



.10 -

WA T A F 4 CHRFHF O

% 52 %

2.3 W%
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(A) B 3E Rooiberg 55 " Bif i 77 )4 K& 3% BO 3% XL O (tuyeres) \ %P & (slags) . $5 $% ( tin ingots) 0 $5 B 41 ( tin prills)
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fath X G HER) Pb R E L E R E#RH Pb-Pb E8f %, (A,B,C B B Molofsky et al. ,2014;D €2 B Berger

et al. ,2019Db)
Fig. 9

(A) Lead isotope ratios of tuyeres,slags,and tin ingots and prills from two prehistoric smelting sites adja-

cent to the Rooiberg tin deposits; (B) Lead isotope ratios for the low-Pb bronze objects from Bosutswe, Thulamela,

Mapungubwe,and Great Zimbabwe; (C) Lead isotope ratios and Pb-Pb isochrone of the Romanian low-Pb bronze

samples; (D) Lead isotope ratios and Pb-Pb isochrone of tin ingots from Hishuley Carmel,Kfar Samir,and Haifa
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PRAESE 5 (2) R FH A3 M Ge Tt I 6 IF R R HE A 32
G

BHAE 20 142 90 4F4L, Pemicka et al. (1990)
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PR SCHI ] 45 Ja i 18 -5 SO 32 It e A e o 4
J& i b IR A AR A H 19, Bray et al. (2015),
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