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Preliminary Scientific Research on Ancient Arsenic-Containing
Majiang Type Bronze Drums in Guangxi Museum

ZOU Guisen', ZHANG Xi*, LU Qiuyan®
(1. Institute for History and Culture of Science & Technology, Guangxi Minzu University, Nanning 530006, China;
2. Guangxi Institute of Cultural Relics Conservation and Archaeology, Nanning 530022, Chinaj;

3. Anthropology Museum of Guangxi, Nanning 530028, China)

Abstract: By comparing the data of the bronze drums matrix with the portable fluorescence analyzer (pXRF),
SEM-EDS and the energy dispersive X-ray fluorescence spectrometer (ED-XRF), it is shown that pXRF is
reliable in detecting the Majiang type bronze drum with a lower degree of corrosion. pXRF was used to
systematically detect 221 Majiang-type bronze drums in Anthropology Museum of Guangxi, the results show that
the arsenic content of =2% is 53, accounting for 24 %. Arsenic-containing Majiang type is an important alloy type
of Majiang type bronze drum. The arsenic-containing Majiang-type bronze drum is one of the most important bronzes
in southern China. Its production is professional and complex, and provides important research materials for studying
the development and utilization of arsenic-copper deposits in Guangxi and even southern China.

Key words: archaeometallurgy; Majiang type bronze drums; Cu-Sn-Pb-As alloy; scientific analysis
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Table 1 The test results of bronze drums fragments 1%
i 5 vk LioR IR DAY Cu Pb Sn As
pXRF 72.667 6.778 11. 850 6.778
FER 1 ED-XRF Giain] 73.673 7.933 10. 331 4. 801
SEM-EDS 79. 8 3.9 10. 5 5.8
pXRF 74. 249 9.137 9.911 6.956
RS 2 ED-XRF Gain] 75.081 4,225 10. 268 6. 863
SEM-EDS 81.7 4.3 8.0 6.0
pXRF 69. 922 10. 365 11. 224 0
FESL 3 ED-XRF [ 824 71.595 14. 543 7.678 0
SEM-EDS 85.3 5.8 8.5 0
3.2 EEIRIESESE pXRF &R R4 WHEE2%RIEAS pXRF K H M E LR
H i 2% Al 'JI%L' ’I%‘ 2% 1,45 H % e ﬁ‘*ﬂ? e, = Table 4 The results of pXRF composition determination of
BRI 2, R BE o S L M S E R Majiang type bronze drums with arsenic content >2% /%
0 206 (F D WBH ARSI VB e R W e S b A
gEE 0011 Bem 66.0 9.2 14. 4 5.6
IRV RS SR S (3 3) (i | =200 (R D) AT 55 0010 B 67.1 3.6 17.0 7.8
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AW N% Ny YH 4 % el Al 5
BFARSRE IO BB RIE A L, RO A D
2 BEEO~2%M AR AR pXRE 55 WE SR Koz stm o 7.1 8.8 6.3 7.1
. L . " W 0087 B 64.1 12.9 11. 2 5.4
Table 2 Determination results of pXRF composition of Wbk 0285 i 7.7 3.7 12. 4 5.0
Majiang type copper drum with arsenic Wigk 0016 S 66. 8 4.6 14.1 9.2
ik i 4 L C C
conten etecn 0 i 2 o e ERoRoa g
ESE) HB AL Cu Sn Pb As #0014 Ea] 67.8 5.5 14. 4 7.0
% 0284 G 3] 55. 4 20.3 9.5 1.1 #0219 ST 77.5 10. 9 2.4 7.1
#0237 53] 69.7 20.7 4.1 1.4 #0277 A 66. 3 13.1 9.4 9.1
#0173 % 1A 71.8 15.7 10.2 1.2 #0005 Ba11] 61.5 2.4 22.1 10. 2
W 0177 3] 76. 7 15.3 5.9 1.0 8% 02887 5310] 68. 7 7.9 8.4 13.0
% 0292 3] 73.7 19.7 3.4 1.1 #0239 30| 69.5 16.5 4.0 8.0
#0233 G3al] 69. 2 17.5 10. 1 1.1 #0208 i) 72. 4 7.4 6.2 10. 4
% 0221 B3] 73.1 15.9 5.2 1.5 #0097 5] 75.6 8.7 5.5 6.9
¥ 0024 [5310] 73.5 16. 4 3.6 1.1 #0067 GSal] 65.3 13.8 7.3 7.8
% 0076 Gl 58.9 19. 4 13. 6 1.4 W 0098 HhE 61.7 11. 8 14. 3 9.4
#0009 i) 69. 2 17.8 10. 6 1.2 WEEE 0008 Bhim 63.5 5.0 17. 4 11.4
#0041 B3 3in] 64. 1 19.6 8.3 1.3 #0263 ] 63.5 14.2 12.8 6.5
#0198 E5310] 63.3 28.6 4.1 1.2 § 0247 5 T 65.0 19.7 8.5 5.3
¥ 0287 E5310] 52.1 26.3 14. 8 1.4 #0017 [5310] 71.4 4.7 6.6 12.8
#0222 ) 81.1 12.8 3.6 1.2 G2 0007 SR 67. 2 4.5 20. 3 4.4
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0012 A1) 79. 4 11.5 5.3 1.3 B 0226 B 63.6 12.7 16. 6 3.4
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§ 0005 B 35.4 36. 6 12.7 1.5 B 0081 B 72.8 13.5 9.1 3.4
Wk 0192 B 72.9 15.0 5.2 4.3
B gk dofe =
A3 REWRILUAN pXRF A9 AEER o mm o ane  wr o
Table 3 The results of pXRF composition determination of #0039 5 310] 70.5 18.9 4.5 3.4
. .. o #0083 [5310] 63. 4 11. 8 16. 8 4.1
non-arsenic Majiang type bronze drums /A B2 0298 T 59. 1 14.1 17. 3 2.9
B Cu Sn Pb As B 0235 B 74.2 18. 4 2.7 3.0
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arsenic-containing Majiang type bronze drum(b)

100
0 5
Cu/%
251
°
20F .‘
.'. ° [ ]
b % 0 o @
< ° °_©
& ° e o
10 [ ]
0 .‘ ® . ¢ °
[ ] ‘ ' o ° [ ]
5 »?® °
o °
1 1
0 3 6 9 12 15

As/%

Eo6 2FAIEMAIEPL S AsHAE
Fig. 6 Scatter diagram of Pb and As in

Majiang-type bornze drum containing arsenic

W fh Er it =22 19 53 TH 15 Sn M As il 7E
B B (B D) GBS Sn 5 As & REAYAH G W] L
R TL AR A R A A RORE OC AR Al A s L o
) 5 2 K E ] BB Sn= — 0. 9953As + 18. 033
#Kik,

R BT W RR VL R AR B T R A
HoAth 32 0 R % 1 Z M B S D 3 S BN B
HEE R E AR, B SRR T 2%
) JR YL TR A G v A in A f AT BE R N R B A
EAS 5 1 JpR Y AR B B, A RR VI AR A Y A &
PO Sy A, X R0 X K S i T R R T
A T IR Fr.

301
y=-0.9953x+18.033
[ )
25+
20 @ )
o ®® [
S -.".‘0 ®
= 150 oV, Y )
7] <. o
LOW)] [ )
o B, w00 o,
101
.00 ee .
] °...°
L [ ] -
5 ® o
® o ®
[ )
1
0 3 6 9 12 15
As/%

7 SWRRIEGEE Sn 5 As SEHAE
Fig. 7 Scatter diagram of Sn and As in

Majiang-type bornze drum containing arsenic

4.2 HREMKIRAFMRBAREEE S
WG e N B I 1 REOM R i) A& e 18
B FARE— N TR R4 — A 4 et . miR
SN BRI RS — R G A FEPLAR R e b AR
LLAA EE LS TE TR e AR P R
M 1T koBE I Ol AR T B R R AR K
25 (1900BC~1600BC) ¥4 it 4 s £ . 30 Bl
i ) i M R B B A IR R A R R AR &0
K A ER 2 S o I % 4 L AR BB A T IAR L OF A
ERIA RN P HEAT A A AR MR (R B B RE
SO R AT B . AR AR DL A s A
4~ E,Cu-Sn-As-Pb T & 4 8%/, Ml & B4



2023 4F55 11 3

A B R B A T PG T G RCA X S
S (186 5) M 3¢ 1l 8 SCHL A 3 45 L A i RR L
PR 55 0 e o — 2

PR TR i 5 A Rt HL R SRR AIE , LAAE BT ST R R
Gl 2 20 A AR B SRR T Y 5 38 2
P, BRI F) 8 T R, PN S AE 43 BT
P — A S A BT L ARV B AR . ARAE AR
ST AR LSS NI R BT 4
fif JBR VL TR A 35 % L 5 A R SC TR 1) O R T e
TIHE I T RGO 5T i SRR T A 55
o 2

BRI E R BT — i B YRR VT A
S0 H TR TT R R ST TS A 0 0 A« 2% 28 A
PRTET A0 AN B BT o ASBIF 5 30 5 00 T PG B 175 400 4 IR
LR S5 T Ji R e R I o S B0 5 e JRR L 2R i ot L
B, Hoh i S =200 M 53 . B A AR
24% . WAMEA 135 WA S N 0~20%, Kk,
ARG B R DU T R RV R i B — R B
GR,

LECHTMAN SN 45 L i 4 28 3 1 H 5
SHUAE T AR 3 R . BUDD 207 % BE, 34 35 i
TR 296 ~6 00 I fif i B AT AR G i S R L AT R AR
a5 oy TR T TR ok AR R . VR A R R
R 200~ 600 5 T A AR T 200 4 B b AR
B IR RV TR0 5 i e (R A B4R .
fitf PR VT TR A 5 A 7 2 b 5 A < B B PR T 7R £l
WOTTE A 22 L R Y e LR O Re i A gkis
90 e A DU G 45 < A 3 JRR TR Al 55, R A 1
AR AR T S R PRI R A R i JRR Y 2R B
568 J3E R JBE A [R] Bp 3 PR A5 1 JHE b 8 A 7 2 R .
e BTE R TR AT B B4 RV ELIRIEE 16 B I
PR AR AT 2 B AL ROK FE AR T G
AEFLFFET L (H O RR VLB G S8 8 ) OR
AR R R — R RN G el . BEE
AU P BH 7 T B TR S A K1
9. 926 HYRH I o FLEL A -« -+« P T35 A 11 50 4%
TR A F 7 IR LR R R
S P i L UT 45 4% Gt e s DI AT RE AN 2 TR] — A
A B S 5 T U - A AR A 9 PR 25 5 55
BE TR 2 T D 5 5 2% 28 A SN L B2 BE 6 Bl
o 5 4R T B P R L ARSI ARy B B IR
P 30 7 T A 75 R () P s gl i 442 A 4 45
PR BN 2%, ER R A R R AR A B
A I EHATIRABET

a4 g QR ) (http://ysyl. bgrimm. cn) e 149 -
5 %

D f# Jfl pXRF.ED-XRF &5 SEM-EDS %t = #t
] 35 8% A DN 3 % 5 SR E AT R B 43 B, B pXRE
G i ] S5 1 M B AT — R T AR . 7R SRk
X A A KRR T A TR R 221 TR
TR 5% TF & 2R B8 0 1853 43 A s Fovb A B 33 T,
fifl 188 THj, 135 ] H S AP & b E 00 ~2%, =29 A
53 0H (5 kb 24%0) . % JE %) pXRF (U #R1R 2%, F 24}
B =2 00 (4 BRI R AR AT o BT 9% . LA R
GET R S, AT B D B e A DU T A A AR YT 7R 4
B MRITAD R M A& XMZ —,

2) T 55 B R VL TR i) B et 3k R L RN ) 2 A
A K L i 5 oAt 32 00 K 2 R X He B R o el T B AR
5 3 g B Ry B B R TR I RR VI TR Al
S DAL G A . (B Q] 7 . e RR T 2R
) 5 e AR A R A L 5 e SR A A% K e R A
ol AP B il — B WE SR

Bt O RO 2 B S B AR AT
FEIETT M i A S BB A SCHR I 5 5
U SRV R TR 0 G R B B AR B A T
P& TR B

C10 AT, o 1H B0 3 M. b 50 5 45 90t R AL

1999.108.
JIANG T Y. The general theory of ancient bronze
drums[ M. Beijing : Forbidden City Press,1999:108.

(2] 4RfE#R, 2= 4 4, 32 #. f 1R & of Rk 7T AL 4R 8

FELI ] sc e 5% R, 2018(1) ( 1-10.
ZOU G S,L1 Y X,LIANG Y L. Research on ancient
arsenic-containing Majiang type bronze drums [ J].
Sciences of Conservation and Archaeology, 2018 (1)
1-10.

(3] WA ST 2, ) 78 R 4. T 70 SR
AEIMI. Jb gt 3 i ik, 2017,

Chinese Association for Ancient Bronze Drums Research,
Anthropology Museum of Guangxi. Bronzedrums in
Guangxi[ M ]. Beijing : Cultural Relics Press,2017.

(4] D7 AESIE, B 5. 4 2 X M & pXRF AL
3o AT BRI 4% TR B AIR]. X IR 5%
R ,2018,30(3) : 75-86.

MA R J, CUI J F, MIN R, et al. XRF analysis of
bronzes unearthed from the Xiangyun area:exploration

of the bronze technique tradition of Kunming Yi[ J].



150 -

a4 g QR ) (http://ysyl. bgrimm. cn)

2023 4E5H 11 )

(5]

L6]

7]

(8]

(9]

[10]

[11]

(12]

Sciences of Conservation and Archaeology, 2018, 30(3) ;
75-86.

SCOTT D A. Metallography and microstructure of
ancient and historic metals| M ]. Oxford: Oxford University
Press,1992.

WAl IV L T By ol AR A SR 2R LT ). e R
P15 2% B2 ,2000(2) :43-50.

QIAN W,SUN S Y, HAN R B. A review on ancient
copper-arsentic alloy[ J]. Sciences of Conservation and
Archaeology,2000(2) :43-50.

IV VAT M 58 T IO 30T ST A i 5 R o3 A K
MR B AR BT ], 3¢ .2003(8) - 86-96.

SUN S Y,QIAN W,WANG H. The bronze of the Siba
culture from Huoshaogou: a component analysis and
manufacture technique study [ J ]. Cultural Relics,
2003(8) :86-96.

INBUZ s By H o 04 s 0 Ok 506 L
AR ARFFEL]. 3CH.1997(7) . 75-84.

SUN S Y, HAN R B. Studies of early bronze objects
from Gansu in terms of their casting and manufacturing
techniques[ J ]. Cultural Relics,1997(7) ;75-84.

INIUZ . A9 B st ik DO 300 S 45 11 45 0 Ko [ML/)
FOAR AR B Ll 25ty - P 300 SC A 2 3 9 48 78 5 F 5. JE At
B AL 1998:191-195.

SUN S Y. Dentification and research of Siba culture
bronze ware at Donghuishan site [ M J//Minle
Donghuishan archeology: revelation and research of
Siba culture cemetery. Beijing: Science Press, 1998
191-195.

CHARLES J A. The coming of copper and copper-base
alloys sequence [ M J//
WERTIME T A. The coming of the age of iron. New

and iron: a metallurgical
Haven and London: Yale University Press, 1980.
151-182.

INBLE ST By 25 F5 WE. Tl & 22 T84 & 4 e 4 UML)/
o E A R AR B R R RS - H SR dUa
Bl AL, 2010:120-132.

SUN S Y, HAN R B. LI X H. Microstructure of
arsenic-copper and multi-component copper alloys [ M ]//
Microstructure atlas of ancient Chinese metal materials:
nonferrous metals. Beijing: Science Press,2010:120-132.
il = PPV AN LR g Ol ST Sl s P R
H o 7 4 B EMLL b SO Y R £ 2008 - 78-83.

CUI J] F, WU X H. The study of lead-isotope

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20] 7

archaeology: take the bronzes unearthed in Yunnan,
China and Vietnam as examples[ M ]. Beijing: Cultural
Relics Press,2008:78-83.

AL T RS L BRI TR 35 2 R T A A 5 Y
LT A ARRR A5 . 1992(3) £ 237-244,

LI S H, WAN F B. The discussion on the acoustic
characteristics and the male and female drum of
Majiang type bronze drums[J]. Studies in the History
of Natural Sciences,1992(3) :237-244.

N R T A L B e R S B A O i ) 4 R
BT bk T2 B 22412 . 2005, 25(4) : 498-505.

SUN S Y, YAO Z H, WAN F B. Metallographical
study on ancient bronze drums and artifacts from
Vietnam[ ] . Journal of Guilin University of Technology ,
2005,25(4) :498-505.

PN Bk M T3 R M . R i i 35 G At e ) 1 4
Braw LT ) 78 RO 2 B 2% 4 CH SR BF 2 b0, 2005,
11(4) :46-50.

SUN S Y, YAO Z H, WAN F B. Analysis of the
chemical composition of the Vietnamese timbal and
other objects[ J]. Journal of Guangxi Minzu University
(Natural Science Edition) ,2005,11(4) :46-50.
LECHTMAN H. Arsenic bronze: dirty copper or
chosen alloy? a view from the Americas[ J]. Journal of
Field Archaeology,1996,23(4) :477-514.

BUDD P,OTTAWAY B S. The properties of arsenical
copper alloys: implications for the development of
eneolithic metallurgy [ M ]//BUDD P. Archaeological
Science. Oxford: Oxbow Books,1989:132-142.
HARRISON A P, CATTANI I, TURFA ] M.
Metallurgy . environmental pollution and the decline of
Etruscan civilisation [ J ]. Environmental Science and
Pollution Research,2010,17(1):1-16.
XA PR B L 5 . R 6 PR Hh i R IR S
L) ). B SRR B 5E . 1983(1) 1 24-31.

ZHAO K H, RUAN S K, LUO M. The origin and
verification of arsenic-nickel copper in Jindan surgery
in China[J]. Studies in the History of Natural Sciences,
1983(1) :24-31.

HE.RIFFETEIMI] L. EE &SR
#1.,2008.

PAN J X. Tiangong Kaiwu translation and annotation[ M].
Shanghai: Shanghai Ancient Books Publishing House,
2008.



