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#1 LA -ICP-MS % LIS
Table 1 LA - ICP — MS operation conditions
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I PR fI%453#%(300) 8N 193nm
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i E - scan i 5Hz,10Hz
BHIK(Ar) Jid 16.05L/min | FEGS (He) Wi 0.651/min
B (Ar) B 0.75L/min REEHAR A4 16um
A (Ar) Ji#  0.93L/min FF 60 wm

SES R PARK NX10 Ji 7 254455 ( AFM) 43
Bete b R T, AR B R e R e A, 1
S 2E X =R, LSRN T - A (Head
Mode ) : FE4fil 520 (NCM) |, 39 4 X 48 ( Scan Size ) :
5 ~30pm, 1§ 1% & ( Date Width/Height) : 256 ~
512px1/256px1, I (Scan Rate) ;0.2 ~0. 5Hz,
1.2 SGHEN

A YRS 50 R T B AR A b A 5 + 56 [ 1R bR e
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O o BE AN b o o AR AL, 5
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Ba S FHITHR , HMAFERAMITR SR/ ER. A
WL 2 BRI SR 98 2 DT R A 59 A
WAL ENARTR Ca( /I 1/1, 5 C/C) IR
B R AEG BIH G R LRI NIST610 5
FRETARMEZ ] B AR RN . THRZS R BN, F2T
% (Na, Mg, Al Si,P K ,Fe ,Mn Ba ,Pb, V, Cu,Sr,
Sn ) HREA AE 4 YL AE S R HAETE 0. 9980
~0.9999 Z [a], HAth—2L5C R N Co Ni \Rb Zn 4541
BRI <0.998, AIHES 7 A AN 514 %, H AL 7E
0.995 ~0.998 2 [a], X F B NIST610 FIEE ThrifE 2z
] AR A AR SR 22 5 (B AEAS S 36 25 A T o 7
JEB/IN G341, NIST610 FFE T hr i th T oo R & i

a—NIST610 5 Corning A ; b—NIST610 5 Corning B; ¢—NIST610 5
Corning C; d—NIST610 5 Corning D,
P11 NISTO10 Fpé kil A.B.C.D vp ¥ L £ A
WL TE S+

Relationship between the oxides concentration in

NIST610 and Corning A, B, C, D

Fig. 1
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Fig.2 Fractionation index of the reference standards using Ca as internal standard
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PR BEE AL Fe [ M 2500 40 by AR 5 o)
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a—>5Hz,1pm/s; b—5Hz,3pum/s; ¢—10Hz,1pm/s; d—10Hz,3pm/s,

Pl3 Bt T NIST610 Zed Sk

Fig.3  Morphologies of NIST610 pits with different ablation conditions

RREEETR I 2 3. K2 s T hn
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= (MAE - HEAA () /HERA B x 100% | HEAHR 18
5% 1 A F1 C # Mn,B /7 Ti, D H8) Na #g %] iR 2%
BEK 3% 5 Wagner 25 (10 5 25 A, Fe #E C
D 25 A FI B R, JEE R IR A ik — 20
FE K AEARR I P AR 2R 22 0 5% ~8% , 1iiy P
FE B A1 D AR A IR Z BN, HAE A T C A RIS
BRIEBOR, X AT RE oA LA R A 5%, AR ok
LSBT E A5 R AR X DR 22 50/ 0, At m] E -5 A0 A
SR AR E UL RS ERERA (AT 5 0 AR S HAh T R

I RERT R 22 SEAHBAE 15% LA, BR T AN 5000 28 1
THRfE A ~D ¥ Cr,B 1 Pb,C H Zn Bi,D 1 Zr; i
Z A B AR A X S o0 B A AT AE AN E BEBOK,
A RE 5 1% 0 ZRE dh P B 0 A AN B DL R AR TE A
O SR} L PSR
{H, TRAHETIRE A ~ D FE R TR S %
{EANTAE (I3 3, 5 —Se B FE i s (A
AW EA M E CLAISh & 4, ML A0 R 2
B e DRy, 1L T RESE IR T AR S B 4
RERTE
2 A R U RS b f NIST610 Sy Shbrah &
% , REAS MR S R A [ & TR0 oy AU B A1 R
IR, 1 T AR A L B ST
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Table 2 Analytical results of major and minor element compositions in Corning reference glass A, B, C and D

A B C D
TEH MEFEE SWIE  RSD MEFEE SWIE  RSD W Sl RSD | #Ew(E SWiE  RSD
(%) FHE(%) (%) (%) “FEHE(%) (%) (%) “FEME(%) (%) | (%) FRHE(%) (%)
Si0, 66. 56 68.28 0.6 61.55 62.48 0.1 34.87 34.39 1.0 55.24 55.90 0.7
Na, O 14.30 14.27 1.7 17.00 16.99 0.6 1.07 1.08 1.3 1.20 1.32 2.4
MgO 2.66 2.56 0.9 1.03 0.99 0.6 2.76 2.62 1.1 3.94 3.92 2.1
Al O, 1.00 0.99 1.3 4.36 4.41 0.7 0.87 0.86 1.4 5.30 5.07 1.0
P, 05 0.130 0.113 2.0 0.82 0.79 1.1 0.14 0.10 1.5 3.93 3.83 1.7
K,0 2.87 3.09 1.0 1.00 1.07 0.4 2.84 2.97 1.9 11.30 12.0 1.4
CaO 5.03 5.13 1.5 8.56 8.75 1.1 5.07 5.26 1.2 14.80 15.12 1.5
MnO 1.00 1.11 2.5 0.25 0.26 1.4 0.0011 0.0016 2.1 0.55 0.58 0.6
Fe, 0, 1.09 1.08 1.9 0.34 0.33 2.2 0.34 0.30 1.4 0.52 0.49 0.6
BaO 0.460 0.489 3.3 0.077 0.078 2.0 11.40 11.19 1.2 0.29 0.30 2.7
PhO 0.073 0.075 2.5 0.61 0.476 2.5 36.70 35.66 1.1 0.24 0.23 1.0
TiO, 0.79 0.79 1.1 0.089 0.102 1.5 0.79 0.76 1.4 0.38 0.36 1.6
CuO 1.17 1.23 2.0 2.66 2.74 2.2 1.13 1.19 2.7 0.38 0.37 2.4
CoO 0.170 0.173 1.6 0.046 0.044 0.1 0.180 0.173 3.0 0.023 0.018 2.6
B, 0, 0.20 0.21 2.4 0.035 0.032 1.7 0.20 0.19 3.8 0.10 0.11 2.6
Li, O 0.01 0.011 5.7 0.003 0.0025 4.2 0.01 0.009 4.6 0.005 0.006 4.2
V, 05 0.006 0.007 1.5 0.034 0.034 1.4 0.006 0.007 1.2 0.015 0.017 1.5
Cry 05 0.003 0.004 3.8 0.0096 0.01 3.0 0.0023 0.0035 3.5 0.003 0.004 4.9
NiO 0.02 0.025 2.4 0.100 0.097 1.6 0.020 0.020 0.6 0.050 0.050 2.3
Zn0O 0.044 0.050 2.9 0. 190 0.204 2.7 0.052 0.069 0.9 0.10 0.10 2.1
Rb,0 0.010 0.010 3.9 0.001 0.0011 1.5 0.010 0.009 0.4 0.005 0.0046 1.8
SrO 0.10 0.110 3.9 0.019 0.018 1.0 0.29 0.30 0.7 0.057 0.059 2.1
70, 0.005 0.005 4.6 0.025 0.022 1.5 0.005 0.005 1.6 0.013 0.010 2.4
Sn0, 0.19 0.180 3.7 0.024 0.024 1.8 0. 190 0.181 0.4 0.10 0.09 3.1
Bi, 05 0.001 0.001 1.6 0.004 0.004 2.8 0.004 0.005 1.2 0.001 0.001 2.1
s AR SR 11
#3 HerkdE AB.C.D PR TE S HTE R
Table 3 Analytical results of trace element compositions in Corning reference glass A, B, C and D
A B C D
JLR| BEME SWIllE  HIXF | BBE SwWIlE MY | BHHE 0 SWIE M | BHE 0 SwllE M
(ng/g) FHME(py/e) WE | (ng/s) PHMHE(ne/s) iE | (pg/e) FHE(pg/s) WE | (ny/s) FHE(Lyg) WE
Y 0.365 0.705 0.037 0.474 0.443 0.020 4.284 8.766 0.095 0.370 0.504 0.012
Cs 0.255 0.240 0.011 0.061 0.057 0.008 0.368 0.256 0.002 0.14 0.13 0.017
Ce 0.236 0.246 0.015 0. 164 0.169 0.005 0.046 0.273 0.005 0.256 0.261 0.011
Hf 0.949 0.986 0.061 4.152 3.989 0.185 1.677 0.916 0.026 2.115 1.854 0.101
Ta 0.124 0.116 0.010 0.089 0.084 0.011 0.120 0.095 0.002 0.231 0.192 0.014
Th 0.288 0.273 0.009 0. 805 0.776 0.020 0.204 0.183 0.001 0.648 0.555 0.017
U 0.182 0.159 0.010 0.226 0.223 0.010 0.079 0.070 0.004 0.160 0.155 0.014
T ZH R FCHk[23] .
3 bR BN IR (Pl 4) o LA~ ICP ~ MS SRH7 45 5 o i 2 48 5 3

ARBETER L RE R IEFT T RIF= ST, SRR A HT LR =2 B TR i (O TR 47 4% S A
MR R SO (1 52 56 5 RN 1 1K Se A v 32Tk L AR SR M ILA we/g BULH ng/g, KW
MO A, IR A R LR T IERERE R P AR R B A
BRORE AT (ERRMEAL IS , 22 R b o0 e 4 TELVEBTRH R R 5T I 1Y 2% e 0 A 2
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Table 4 Analytical results of elements in archaeological glass

by LA —ICP - MS

THE ML M2 . wE R L KRR 2
fr MUEH EE T WEM ME

Na,0 % 0.91 1.84 || St pg/g 310 251
MgO % 0.94 0.87 || Mo pg/g 8.51  4.91

ALO; % 3.0  3.08 || Sn pg/g 265 97
Sio, % 73 71 Ba pg/g 1920 1073
P,0s % 045 0.50 | La pg/g 159  14.4
K0 % 1215 12.95 || Ce g’y 28 25

CaO % 4.90 5.54 Pr neg/g  3.09 2.79
TiO, % 0.22 0.23 Nd pg/g 12.7 11.2
MnO % 0.11 0.15 Sm  pg’g  2.40 2.00
Fe,0; % 1.43 1.27 Eu  pg/g  0.55 0.43

Pb  pg/g 163 71 Gd  pg/g 225 1.93
Li  pe/g 39 61 Th  pe/s 0.33  0.29
B pyg 17 28 Dy e 2.15 171
V. pg/g 508 284 Ho pg/g 0.49  0.40
G pg/s 49 32 Er  pg/g 142 1.12
Co pg/g 6.56 6.27 | Tm pg/g 0.20 0.17
Ni  opg/s 49 47 Yb  pg/g 1.43  1.10

Cu  pg/g 14981 18650 Lu pg/g 0.22 0.19
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Fig.4 Rare earth elements results of vitreous material samples
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Application of LA - ICP - MS in the Analysis of Archaeological Glass and
Source Discrimination

HU Zhi - zhong" , LI Pei*, JIANG Lu — man®, WANG Tong — yang”, DU Gu', YANG Bo'*
(1. Chengdu Center of China Geological Survey, Chengdu 610081, China;
2. Chengdu Institute of Cultural Relics and Archaeology, Chengdu 610072, China)

HIGHLIGHTS
(1) Influencing factors in the analysis of archaeological glass by LA — ICP — MS were studied.
(2) Different ablation modes by LA — ICP — MS were investigated.

(3) The element composition of the archaeological glass and their sources were studied.

ABSTRACT

BACKGROUND: Quantitative analysis of ancient glass and vitreous materials has important significance for
studying its production time, origin, source of raw materials and production process. Compared with traditional
analysis methods (eg. EMPA, EDX —SEM) , LA —ICP — MS can be used to analyze the primary, minor and trace
elements in samples quickly and accurately.

OBJECTIVES: To investigate the composition of archaeological glass and discriminate its sources.

METHODS:: The element concentration in ancient glass and vitreous materials were determined by LA — ICP -
MS. The surface morphologies of pits in glasses were displayed by AFM.

RESULTS: The matrix effect among NIST610 and Corning A — D was insignificant under 193nm laser system and
this experimental condition. A quantification strategy based on NIST610 and normalization to 100% (w/w) was
suitable for analyzing Corning A — D and ancient glass samples. Study on different ablation modes in the experiment
is helpful for the establishment of different experimental conditions to meet the requirement of different studies.

CONCLUSIONS: Unearthed samples were analyzed, which provided data support for the source of the product.

KEY WORDS: ancient glass and vitreous materials; LA — ICP — MS; reference materials; matrix effect;

quantification strategy
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