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Table 1 LA - ICP — MS operation conditions

I A L WO R 5
ICP - MS Element 2 oL ArF YE43F
I PR iG55 #%(300) W 193nm
VAT ES 1300W il 70mJ
FAREE E — scan PIES 5Hz,10Hz
BHSR(Ar) FE 16.05L/min | BEALS (He) Ji 0. 65L/min
A (Ar) FiE 0.75L/min R L1416 pm
S (Ar) FiE 0,931 min Sl :60
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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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Fig.3  Morphologies of NIST610 pits with different ablation conditions
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2 HerksdE AB.C.D KB CR A HER

Table 2 Analytical results of major and minor element compositions in Corning reference glass A, B, C and D

A B C D
TEH HEFE SWIME  RSD MEEE SWIE  RSD e Sz RSD | #ERE(E S WkiE  RSD
(%) FHE(%) (%) (%) “FEHME(%) (%) (%) “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, 05 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
Cr,y 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
Zn0 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
T HETAER A SCHR 11 ],
#3 HerkadE AB.C.D P REETE AR
Table 3 Analytical results of trace element compositions in Corning reference glass A, B, C and D
A B C D
LR BEHME SWIlE  RIXE | BBME O SWIE MY | BHHE SwWlE MY | BEHHE 0 SwllE M
(ng/e) FEME(pg/s) W2 | (ny/e) FHE(nye) W2 | (pys) PHE(pys) Wz | (pg/e) FRH(pg/e) iz
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 HCHR(23] .
3 bR BRD RIS (Pl 4) . LA~ ICP ~ MS SRH7 45 e o i 2 48 3 3

RURHEFEN e AT T AW R IE R SY, o S RERE ST L 2 B [RIHERE O R 40 BT 4% S A
BRI B0 P Tk seb el R O TEAIE R & ML /g UL ng/, 0]
PR TE A, I R KA LR REAL Y MRS PR R A i
SRRLBVA PRI S B EOC BRI AERNEEVDRSh IS O I 19 9 BT A2
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Table 4  Analytical results of elements in archaeological glass

by LA - ICP - MS

THE ML MER2 . wE R L MR 2
fr MUEH EE T WEM E

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
Si0, % 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  pe/g 163 71 Gd  pg/g 225 1.93
Li  pe/g 39 61 Th /s 0.33  0.29
B pyg 17 28 Dy e 2.15 171
Vo oug/g 508 284 Ho pg/g 0.49  0.40
G pe/s 49 32 Er  pg/g 142 1.12
Co pg/g 6.56 6.27 | Tm pg/g 0.20 0.17
Ni  pg/s 49 47 Yb  pg/g 1.43  1.10

Cu  pg/g 14981 18650 Lu pg/g 0.22 0.19
Zn  pg/g 482 321 Hf  pg/g 1.96 1.82
Rb  pg/g 128 147 Th  pg/g 3.6l 3.25
Y ng/g 17.6 13.1 U neg/g  8.43 3.95
Zr wg’g 80 69

100
—— M1
- = FEM2
=
=
210}
~
oZ
¥
1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
P4 KPR oC R Bk

Fig.4 Rare earth elements results of vitreous material samples

U, A VR % = B bt = AR A, 28 BH AR IS 1
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( ~0.5% ) WAL , 5 75 Rk A5 T B 00 H 77 b X A 7
R e BRI AR B e L B S 2 5 AR A
H I {6 FH B B 79 T 230 b R B R =
K R LA, DAE 2% 5 TR T 5 S R
EERE T R BR AR LT R SRR
e M TR, T 6 T 2 SO 1 s s T o

PERERGSE , & mibe il 115 RE £ B EURE A0 iR
FE, P ARIACIRA S EA AT T AR 150k,
DA 9% o i AN ] A, T — 2P e E BT R
ATARTE] 7= M o AR B 238 i J5U U, 52 5 i 1) 5
WL g P ST 20 , S F 52 A A I o A e )
B E73 ST T P 30T 114 2 2 44 s AR P REAEAE R H
A B SO Sy v A SO Y A
o1, SRR A T i XSO SRR A
AR SO S =R SO R R s b A E B, A
IS D vty 48 SC -5 A DXy SO A o AR e it
TOHTHIR R

A oy 3OO i & R | B R s
TR T Al vy 51 ) I 255 1Y) A B L T A
TSR DA T R A BAR A 2 15 TR A
[F AT 2 £ 185 B S0 5K 4 H B A IR
XSO O BIE T AT 5 £ B A £ T B JaE 36 A ) i
W AR R R IS LB 2R AR 3 BEAS R S0 Ak
FHIER S AU T IR T o AT T id, LA -
1CP — MS AR 70 N il B8 D5 ) A A
RIS o K HHE S X T7 T T A BHR A . 2R
15, WA LA - 1CP — MS X B A1 e B HA N T4 iy
HOBIETE B U R Jg , (HAE — Sl | {754k T
WG BL HEZ WO O S — /2 T B E 8 5E 1
FREURHIE M JE A PR .2 8 Z 80K, i HA TR 2
5 E SRR AE 19 BB SRR AL 5 7 A 0 418 SURFAIE
S MR ARSI AR A7 1), Kok 1) A
HANRERN R AR B, A A XA At 390 542 1t
.

4 4k

AR SLH X LA - 1CP - MS WU LR e i
ST R AR TR R 2 BE S TA A - BB s ofE NIST610 Al
J Ty A B o o4 2 (1) AR 2 53 52 R A 193nm 38
JEBUN, R FHBEE bR E NIST610 b 45 & 1A
U — A 12 RO L SR I E A8 VA S A [] 28 80 oy A B
SRR AP AR B 2L T A [ ) b A T 50 ey 5
RBHHA I T AP R 2 AU A
X AR BT T 20T, izl il i) 7 R T 4R A4
TR

454 HETABFFEBUIR, 4 e F X6 LAR P4~ J5 T
TR TR TAE . —J7 T, He 7 o AR AR i 2 57
Vet AR SE AR 2 — , HOoT R A7
(EASA TFITFE IS8 35 , R 2 1% R 9 h i e =K 4
I S TE R & B OIS, Tk SR AT B T 32
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Application of LA - ICP — MS in the Analysis of Archaeological Glass and
Source Discrimination
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(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.

Reference materials
Matrix effect
Quantification strategy
Different modes

@ The elements and
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glass LA-ICP-MS

glass

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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