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Table 1. Coloring components and corresponding colors
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Table 2. Coléring components and corresponding colors of ancient

glasses excavated in Japan
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Table 3. Mean composition of soda-lime glasses

Mean
5.14
5.08
0.279
1.55

13.77
4,92
0.407
1.646
0.170

66.53

Std Dev Variation(®)
4.44 86.3
3.53 69.4
0.291 104.3
1.60 103.2
7.20 52.2
4.80 97.5
0.546 134.1
1.260 76.5
0.141 82.9
6.21 9.3
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Table 4. Mean composition of lead-alkali glasses

#3

Cases
Al203 34
Cal 34
TiO2 10
Mg0 33
Na20 34
K2O 31
¥n0O 22
Fe203 34
PO 2
8102 27

Cases

A1203 31
Ca0 22
T102 7
Mg0 21
Na20 29
K0 30
Fezo3 30
Pb0O 24
Si02 24

lean
2.19
1.49
0.771
0.507
5.63
2.27
0.930

59.32

31.04

Std Dev Variation(3)
2.74 125.1
2.16 144.9
0.228 29.5
0.609 120.1
8.23 146.2
3.2 141.4
0.816 87.7

16.59 27.9
8.31 26.7
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Table 5. Correlation coefficients between major elements in soda-lime glasses

Cal

A1203 1.0000

a0 0.026

'I':LO2

273
Mn0  -0,2750
510, ~0.6244

0.4012
Mg0 0.0957
Na20 0.2297
KQO 0.0379
Fe,0, -0.0560

2 1.0000

Tio0

2

-0.,2366 1,0000
0.5164 ~0.0575 1.0000
0.3511 -0.0842

-0.5444 0.1863

-0.4252 -0,3954
0.1367 0.,0589

~0.5637 0.8757

MgO

0.0558

~0.2008
-0.2869
~0.0467
-0,2336

1.0000
~0.6597
-0.1757
-0.3272
~0.6439

X,0 Fe,0 MnO 8102

1.0000

0.1163 1,0000

0.3599 -0.2200 1,0000

0.5480 -0.0682 0,6798 1.0000



25194 &, Mg, K, Mn, Sh, Pb OEFEOEZRMC SOOI/ V—7ICRH L, Mk EE
& DBABRER Uiz, Fleisher i3, Seyre S5DEBO S BUER KO WT, v 5 VEEL NS »
JHETRD, v VEERERREOMGBEE ST Lc?

3. FMPHEOHERHTSR
3, 1FHROLHR

REINTOIZELERNT 7 ROERDTLROEEMEIC DO THE W RLEER I, TAY
AIRF 7 ZABLUBA 7 RCDOTERFTLERD BT sh B, zogE, BEEE, £
R E, TNTNERIBIOCRLICRT,

BOESERERTTRE, TVH VAR FARIEREF PV LTHD, BN 5 XiZB{LHBE
BRTHD, BRI I AMRELETZ &, HRY 7 RIBIBOT v Y RAOSEERRISEL,
BBROSERIIED, BROEE ISR oBREE & 7 v FEROEHAWRD T Bicoh
TEEBEROH BT &5, TRV 7 XOEROECEERI N 7 X IR O ZRIEE % Xk
LTWadDEEb15,

EBRBORE OITEMORT &,

TR Y AKRN 7 ATHE,

Mn > Ti > Mg >K > Al >Fe > Ca > Ma > Si &b,
8 A7 2T,

Na>Ca>K > Al > Mg > Fe > Ti >Pb>Si &i83, bbb, Twh ) AK
H5RATRER, FMVULA, AVYY LN, BF52ATRER, ROEHRENNEL, b
DFEHRZ, TVHYRRTFZAPBRT 5 XOBROERLLEZERITRTH 5. CNOLERDITR
OEHRRCHOOWTEBN BRI 25203, —D0#B® 5 O IZHEOBEMNERICE W TE
ESN/Z o BEOHBEMICHE L TORKBNEMELNLE LI, EROERNEEE2EHS
THOEE IO TEOLHFICH L TSV EW S ERIR, 77 X FEEOHFRPEBFAE OB
BETH-1-TEERLTOE D EHESND,

EFRATLROMEPARE LR BLOROICRT, TUA VEIRN S ZOERPHRA 7 X DI,
REGDERATLHRICKH L CREADHBEZRL TV B, BH 72D Pb—Si 708 )V EIRHY 5
20 8i — Na OHOMEMERE Lo ZO LD BRERSTHRBOMEEIZI N 7 M AEBEOEEICH
KT BEEZONBEI LMD, THODERWEERSTREOANHEEZ, BILROFERHLAR
PR -TNBT EETFBRLTY 3, MOTRICOOTHMEIIBGIE, TAoh )V RKAT 28



#£6 77 2OERD IR OB FRE
Table 6. Correlation coefficients between major elements in lead-alkali glasses

AL,0y  Ce0  mio,

MgO0 Na20 KZO FeEO3 PbO 5i0
Alzo 1.0000
Ca0l 0.6437 1.0000
TiO2 0.4417 -0.9999 1.0000
MgO 0.4509 0.8301 0.4639 1.0000
Na,0 0.8696 0.3781 -0.1876 0.4297 1.0000
K20 0.0879 0.2920 0.0045 0.4410 0.0063 11,0000
F8203 0.4879 0.1031 -0.0799 0.3634 0.5577 0,1177 1.0000
Pbo -0.6755 -0.7365 99.0000 -0.2986 -0.8535 -0.4339 0.0068 1.,0000
SiO2 0,7412 0.7786 99.0000 0.,4902 0.8514 0.3709 -0,1288 ~0.9562 1,0000
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Table 7. Correlation coefficients between cobalt and major elements in ancient glasses

Co-MnO 0.9909
Co-Ti0, 0.6993
Co-Mg0 0.5344
Co-Cal 0.343%
Co-K,,0 0.3113
CO—F6203 0.2111
Co-Cu0 0.2030
Co-—SiO2 0.0616
CO-A1203 -0,.1087
Co—Na20 -0.5836



30 -
| o]
o
20 o §
I R 0
oQ0
Lo o 3
= 2 o
z:‘-?‘ o
10 |-
RoQir7vh VEIRA 7 2, @R#F SR 2FT,
BFEO 23 70A YVARIKK 7 2 DBF DA 25T,
S5IIMA S AWM FTHBELEERLTV S,
')
. [
. o . [ . (e o] 0
0 57 i O d e Q] |
0 5 10 15 20
K0

K1 ZEEBHLEHKAS 320 Na— K HHK
Figure 1. Relationship between sodium oxide concentration and potassium oxide
concentration in ancient glasses
Soda-lime glass (0 and 2)
Lead-alkali glass (e,5 and 7)

(The number in the Figure indicats the number of samples included.)
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Analyses of Ancient Glasses Excavated in Japan

Takeshi TOMIZAWA and Takeshi TOMINAGA
Department of Chemistry, Faculty of Science
The University of Tokyo

The application of various analytical techniques to ancient glasses excavated in Japan are re-
viewed.

Ancient glasses are generally assumed tohave been made of sand, wood ash,and perhaps lime.
Ancient glasses are classified into two categories on the basis of their compositions. The average
oxide concentrations, their standard deviations and their variations are discussed for two groups.
The results indicate that the concentrations of oxides of silicon, lead, sodium, and potassium are
all significantly different between these two groups.

As an example of trace element concentrations, the analytical results of glass samples from

Futazukayama site are also presented.






