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BRAR=Z2HTOFERHE I ROV T, ZOTRMREH S /e DI 77 A FMF I (]
CPAICE D EESTEITo 7,

1. | CP&#h

AeHI10mg%® & 0, 158 D HEEE (k=21 20EBTAEL, 10mlOE®RICL THEEL -,
HELLTRRIUTOLBY THS,

Ag, Al, As, Au, Ba, Ca, Co, Cr, Cu, Fe, K, Li

Mg, Mo, Mn, Na, Ni, Pb, Sb, Sn, Sr, Ti, Zn, Zr
BERTRLLICIVRELLS, BB EETHETRTb -t REVLERDRS,

i

2, AEHH

HERHIEARKEZRES I VBRI L ZER/NMNEI-6 HEOohEF IS LHREL
RTH5,
PTicliliZEsE sz Rd,

2
FEINo H Y Hit &
FB0O4 B P =EF/NE 1S5 AHE
FB005 BEEOEEH ZER/NE 1S AE
FB0O6 ' X # =ZERNE 1S H A
FB007 ' X # ZERNE LSS AE
FB008 ECEES 9 ZERNE 1S H A HE
FB009 B HE 9 =ER/NE LB Y AE
FBO10 HE B3 ZEFEINK 1 FSH A1
FB014 EHISCHYESE 1 =B/ 250 AE
FBO015 I H 8T 2 ZER/NEE 25 H AES
FB016 INFEA T B S EHE IS ERTT A B

RN E R D OFEMMTEL TED, FIEICL > TTED T Bizss, FLIIEER
DERPN T, Rz FBOLS Bk HIc OB L A LB o7,
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3. DRR

SHFERER1LICRT, RFOBEFIITNTHE BT, Traceld FITOBRBEIRIL S 1
el %, 7z, N.D.BBRHIhBRr 7L ERT,

®1 SHER QO

FB004 FB005 FB006 FB007 FB008 FB009 FBOLOB FB014 FB015 FBOL6

Ag  0.07 0.10 0.11 0.08 0.04 0.09 0.08 0.07 0.08 0.09
Al 0.15 0.07 0.14 0.29 0.11 0.11 0.17 0.33 0.72 0.03
As  0.10 0.93 0.65 0.66 0.23 0.65 0.43 0.32 0.23 0.46
Au ND. TRACE ND. ND. o0.01 0.01 0.01 0.02 0.02 0.01
Ba TRACE TRACE 0.09 0.003 0.002 0.04 N.D. 0.01 N.D. N.D.
Ca 0.09 0.06 0.09 0.08 0.09 0.32 0.04 0.07 0.24 0.03
Co 0.04 0.06 0.06 0.11 0.03 0.08 0.05 0.03 0.03 0.01
Cr ND. TRACE ND. 0.008 0.005 0.008 TRACE 0.005 0.15  TRACE
Cu  56.6 30.1 31.6 45.1 48.2 43.4 43.9 32.5 16.2 91.2
Fe 0.15 0.25 0.28 0.10 0.14 0.15 0.29 0.51 0.66 0.02
K ND. ND. ND. TRACE 0.17 0.21 0.13 0.18 0.29 0.10
Li  ND. ND. ND. ND. TRACE TRACE TRACE TRACE TRACE TRACE
Mg 0.03 0.01 0.03 0.14 0.01 0.08 0.06 0.09 0.13 0.003
Mo ND. ND. ND. ND. TRACE ND. ND. ND. ND. TRACE
Mn 0.001 0.005 0.001 0.002 0.001 0.001 0.003 0.004 0.006 . TRACE
Na 0.10 0.08 0.11 0.22 0.08 0.12 0.05 0.10 0.10 0.03
Ni 0.18 0.17 0.18 0.19 0.07 0.15 0.12 0.08 0.06 0.07
Pb  5.29 9.22 8.55 4.09 4.24 5.51 6.60 8.53 6.41 6.12
Sb o 0.23 0.64 0.67 0.53 0.21 0.55 0.50 0.26 0.28 0.67
Sn  28.8 31.8 33.4 26.9 14.8 27.6 24.5 22.9 36.4 1.86
Sr .0006, .0003  .0006 ©0.001  .0006 0.001 .0003 .0004 0.001 TRACE
Ti 0.003 TRACE 0.002 0.003 0.003 N.D. 0.002 0.003 0.004 0.003
Zn  0.10 0.06 0.10 0.74 0.07 0.33 0.05 0.06 0.05 0.13
Zr TRACE TRACE TRACE TRACE TRACE TRACE TRACE TRACE TRACE 0.005

AEHARIDO L 22T~ LS, TheDRBIZBMSA TV DT, Sl YRE
Db DT ERRER-TWD, EEERSTHLH, 8, BOITRON—FINVEALD L,
FBO16 D580 99% 2k < &, #I60% 5% s DTHRN% L DL n->TE D, 105%
DHDHBE N,

FTERFAHTLICHBRTLTAH LD,

FB004 3 LS DA 72 WK THh R D & L DR LT & Bbh 3, FB005, FB006IXHH
LEMOEA T LR TH D0, FEICHEIE» L > T3, H—E#E»rs0 Lt Ths
TELEZEDLEDZE, bEOHEHRDELAYRAIU TR Ao & Bb s, FBO0O7T~
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FB010 i& FBO08 ® Sn O-&E#515% & V7w Z E 2R GIER ST Ww 588, HiL VT CiIET
BroTws,
R2 SR (2)

FB004 FB005 FBO006 FB007 FBO08 FB009 FB010 FB014 FB015 FBO16

Ag  0.08 0.14 0.14  0.10 0.06 0.11 0.10 0.11 0.13 0.09
Al 0.16 0.10 0.18 0.37 0.16 0.14 0.22 0.50 1.16 0.03
As  0.11 1.26 0.85 0.83 0.34 0.82 0.56 0.48 0.37 0.46
Au ND. TRACE ND. N.D. o¢.01 0.01 0.01 0.03 0.02 0.01
Ba TRACE TRACE 0.12 0.004 0.003 0.05 N.D. 0.02 N.D. NbD.
Ca 0.10 0.08 0.12 0.10 0.13 0.40 0.05 0.11 0.39 0.03
Co 0.04 0.08 0.08 0.14 0.04 0.10 0.06 0.05 0.05 0.01
Cr ND. TRACE N.D. 0.01 0.007 0.01 TRACE 0.008 0.24  TRACE
Ca  61.6 40.9 41.5 56.9 70.3 54.6 57.0 49.1 26.1 90.4
Fe 0.16 0.34 0.37 0.13 0.20 0.19 0.38 0.77 1.06 0.02
K N.D ND. ND. TRACE 0.25 0.26 0.17 0.27 0.47 0.10
Li  ND. ND. ND. ND. TRACE TRACE TRACE TRACE TRACE TRACE
Mg 0.03 0.01 0.04 0.18 0.01 0.10 0.08 0.14 0.21 0.003
Mo ND. ND. ND. ND. TRACE ND. ND. ND. ND. TRACE
Mn 0.001 0.007 0.001 0.003 0.001 0.001 0.004 0.006 0.01 TRACE
Na 0.11 0.11 0.14 0.28 0.12 0.15 0.06 0.15 0.16 0.03
Ni  0.20 0.23 0.24 0.24 0.10 0.19 0.16 0.12 0.10 0.07
Pb  5.76 12.5 11.2 5.16 6.19 6.94 8.57 12.9 10.3 6.07
Sb 0.25 0.87 0.88 0.67 0.31 0.69 0.65 0.39 0.45 0.66
Sn  31.3 43.2 43.9 33.9 21.6 34.7 31.8 34.6 58.6 1.84
Sr .0007  .0004 .0008 0.001 .0009 0.001 .0004  .0006 0.002 TRACE
Ti 0.003 TRACE 0.003 0.004 0.004 ND. 0.003 0.005 0.006 0.003
Zn 0.11 0.08 0.13 0.93 0.10 0.42 0.06 0.09 0.08 0.13
Zr TRACE TRACE TRACE TRACE TRACE TRACE TRACE TRACE TRACE 0.005

FB014/ZCu, Pbd>EIZFB005, FBO06 X3Tv>43, Sndify10%1E &4 75w, FBO15 i3 ek 2
—HEEATEYD, Cudll6BEEFEL TLE > T3, 20X, —RIZBEIEL WHEHHIC
BT, CuDSHEDEA L, HXICSnOES R0 E88ind 218/ 5 3, FB01613 &
REVTORVERT, M—OFRETHHY, 32 JHENRELD, SniddEE b L,
bR EETh T,

4, BROEE

AHHBHI KESEHEL T 2 B HEER L U QLI —#IC X D MT & nidrs, AR b
DEFRI 41ITHET B Gl RINSWET, R4ESVHED b —5 LH3100% &2 5 X 5 HBE
LIcbDTH B, F2HBKRHREDIHEER100%BE L 72 b D THh 3 2%, FB007, FB009, FBO10
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DEROBEHE, BXEL LM EEE D2 LicEd ®£3 FHOEFSTOSEE)

D&, ERBOOTEDOEFT 2 RS £75.6~76.5% & HRD #H O | ®© |6 |0
LDODTT.0, 78.5% L iZIT—HL, SESLEERmERL |\ B % 5 ;!i ?fi
TVd, HLETHHATLAZLTALY Y, bEbLER &l 2 |e| =
I ER AR TR b o Totn £ 5 2 BB, AR T x| B

FBOO & AROBE BT 25, bro3gaoawimns | 1> | * | # | &
B 301% L SLORE NS v, A—RE s BUcns | o0 |06:3]49-2]40.7 67,0
WAL 25 TROBAE L > THMFT 2L, BFBEUTHs | B | 52 3.4]3.9] 4.3
FH Cumd R BT wA T LEELS L, brofmy | 0 |20 24|59,
OB, EROEEHL OEUSEL S B, AEF|98.5|77.0]78-5|973

%7z, % 2 O FB004 O E 4 DEBRDD D
EHBUTVBE I x2E2bb¥ 2L, E, AR

x4 FEOETHDEHWERSOMEED

O 4 DD £ FB004, FB007, FB009, FB010 & i % % % %
L LD LA UERALTEESA TV, Cu: 54 Bt BT
Pb:Sn=70: 5 : 25 D tasv ST Wiz D % % i %
TREVWELSI0? ZOHRSETCOMBED 5 é é e é
SHEE S BT 2DTH 3, + R 66.8 | 62.5 | 57.7 | 67.5

FEgE R < L ZDMOFIHELHEL <, 2 24 $h 5.2 4.3| 4.9| 4.3

ZTIRERL 2\, 7272 FB005, FB006, FB015 2 % 27.3]31.136.5|26.2

OESELLL Thwa 2 BT RERLTE L, b 0.05| 0.2 |0.07] 0.2

FBOL6 i35 & £ < B 3k s b5, Cu | A[/V3=74) 0.040.07]0.07 ) 0.05

235 ¢ Sn BHEESIC A, D D A RE E% $4 0.04| 0.1 {0.0410.1

TRELELTESF, HATHESALC LIZE |y &% 0.1 {0.2 [0.07]0.3
o

T TR = v | 0.06]0.2 |0.06]0.2
WRWZ ET I i
FyvFE10.2 0.6 | 0.3 |0.5

5. #&bYic it # 0.2 0.7 10.3 |0.6
& & 1100.0{100.0/100.0|100.0

SHEOMHERD 5, VWb 2SR, (Hi
BrRERSHDBRALZIENR XY LbUTHEH, SLBHLLLRARTH o
72, MEBRCOWTORNRIATETH 272, Lo LESSHMEBRS O, RELD
EHHEEICRATRTH D, S50 DRIFAHEEAHL T RESH D, MR
HoH, SRAEBOAHRELEKENLEIATHSS, (EER LR EEIFR)

H1) e TRETSIE B & U F ATHAREARRRANOLEMTL IEEE (R, 1977)
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FBHE=ZZHRLOHF I A LWHBELOHN T A0S KD20VT, 2OTEEREHL27-0D1F
FRATEEDHIH(ICPAN T LV EESN T2 7,

1. | CP&#R

FkHI20mgx L D, @ERRE, W, 7 v {kEBRTLHE, 1ImOBERICL THEL 72, #l
ELLEREIUTOEBD TH S,
Al, As, B, Ba, Ca, Co, Cu, Fe, K, Li, Mg
Mn, Na, Ni, Pb, Sb, Sn, Sr, Ti, Zn, Zr
I L OWEESTIHEL Tk, BERITRLLSICIVRL Y, HEBEETH 2,

2, AEEH

HEAB G EARKESES L VRSN 22/ 1-6 - fiH 1 -16 &, BFAEEITY
HEE L OVRERRD & HEFROT 7 ANE - EX - BTH 2,
DT eflEEr 2Ry,

5 W B OB
EENa E Y A &R &)
FG001A B SERNE 1B AN =
FGO003A & ES SERNK 1B AY =
FG003B & ES ZEBNK LS AT =
FG003C & * ZEENE 1B AN =
FG003D & ES EE VN SE- Py =
FGOO03E & ES SEW/NE 1B A =
FGOO03F & ES ZEFE/NE LB A =
FGO012 H o ARE =ZREN-11 55AE #
FGO017 #5 ANE SEE/INE1ED A =
FG018B H 7 ANE =FEMHEH1-16 3EXBRHLE S
FGO019 H 5 ANE ZZEMPH]1-16 3STER L 5
FG020 5 A/INE Wi ET R &
FGO021A #H 5 ZR/NE WHEIN S AKE B
FG021B #5 ZINE WHEHI S AN &
FG021C  #IA/ME  WHHIIESAE #
FG021D H I ANE WHEHII S AN &
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FG022A  #22/AE  WIHH68SAKE #

FG022B  #72/hE  WHEHBSKE #

FGO023A  #72/ME  YHHI95 LKL #

FG023B  #72/4E  WHH195 1M H
3. HTRER

SHRERER LICRT, FGOO1A 3BT, FBEL TBY, HENOBEZUHRTZ7ATH 5,
MAEOEFG L  AROBEGEOIREDL I, Ba2 < 80O RESNTWEH, &
OB TIIH0.5% = D 7e vy, SeligmanGE3) 512 L 2 MEOEARLEION 2 AEEO ST
i, 37018 Ba%2E WA TIATHY,

FGO03A~FGO03F 3 3 XCEETH D, BILD/0ALLTLE> T3, ZD/dIiZ Pb
DEBVPREINLS £ D DR B 2TVE, WTFHIZL S, $8F 7 ATH5 Z LIi[E:E:
s, Bak bbb rhlsnwgaTurZHETER2w, CoOEELSBIEIETAT

ZOFBb IS EAETHE LEb 3,

K1 F7ABHIHHESR

FGO0IA FGO03A FG003B FGO003C FG003D FGO03E FGO03F FG012  FGO17  FGO18B
Al 0.34 1.02 1.00 1.05 1.14 0.78 0.85 11.8 2.68 2.50
As  0.49 0.04 0.14 0.03 TRACE 0.07 0.16 0.06 N.D. 0.02
B 0.02 0.04 0.01 0.006  0.02 0.03 0.04 0.006  0.07 0.02
Ba 0.52 0.82 0.57 0.74 0.75 0.69 0.50 0.06 0.06 0.01
Ca 0.65 0.38 0.39 0.27 0.29 0.32 0.34 14.2 3.13 0.50
Co 0.008 0.003 0.008 0.003 TRACE TRACE 0.007 0.001 TRACE TRACE
Cu 0.10 0.29 0.36 0.35 0.37 0.39 0.33 0.01 0.94 1.48
Fe 0.39 0.98 0.94 0.96 1.06 0.98 1.04 2.73 1.33 0.62
K 0.27 0.56 0.53 0.52 0.47 0.39 0.57 1.02 2.16 9.67
Li 0.004 TRACE N.D. TRACE TRACE TRACE TRACE 0.002 0.009  0.002
Mg 0.18 0.21 0.22 0.18 0.19 0.18 0.18 0.15 1.08 0.16
Mn 0.006 0.02 0.01 0.01 0.01 0.01 0.02 0.06 0.07 0.01
Na  0.20 0.21 0.14 0.12 0.16 0.16 0.22 0.23 7.50 0.25
Ni 0.03 0.04 0.02 0.01 0.02 0.07 0.05 0.04 0.04 0.02
Pb  49.9 4.28 14.8 4.76 3.00 11.0 15.8 0.02 N.D. 0.54
Sb 0.07 0.10 TRACE TRACE TRACE TRACE 0.08 0.03 TRACE TRACE
Sn  0.05 0.07 0.03 0.03 0.02 0.02 0.07 0.05 0.07 0.09
Sr 0.007  0.02 0.01 0.02 0.02 0.02 0.01 0.07 0.02 0.002
Ti 0.02 0.07 0.06 0.07 0.08 0.06 0.06 0.14 0.17 0.12
Zn  1.05 0.29 0.43 0.14 0.16 0.33 0.21 0.28 0.36 0.14
Zr  0.007 0.007 TRACE TRACE TRACE N.D. TRACE 0.005  0.02 0.01

FHORFREBEWE L TOEE% 27T, TRACEZSH OFBE. MEVKREB S LD,
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FG017~FG023B i3 X T#H 7 Z/h\E
TH3, FGOITiZ Al+Cartt BialF T
%<, #hFNI12-14%6HY, Na-Kid
FhEN 1% 0.2% D70, Febh
D% MDRE L 3hn ) Bix 25006
Ewz k3, ¥, BEOEOREOILE
THBCu-CosiF L A LHFEYE T, B
B E2LDTHI2DOPBFHETH S,
FG017 i3 =ZABI—11 5518
Ot THBH, FGOI2 L& Bz 3

E2 T AFESURE

it 2 A A B o B O H
HY4 #E F & E  Bead  Bead
SiO: 37 38 34.4 30.9
Al203 0.52 0.35 0.76

Fez03 0.14 0.29 0.16 H0.7
CaO 0.50 1.1 0.12

BaO 16 14 12.6

MgO 0.20 0.15

Na:0 2.65 3.9 4.32

K20 0.50 0.19 1.02 H0.7
PbO 40.8 38.5 43.2 65.1
CuO 0.76 0.78

Ag: 0 0.05 0.01

X 1 {1 (3) (3)

FG019  FGO020 FGO21A FGO21B FG021C FGO21D FGO022A FG022B  FGO23A FG023B

Al 1.26 1.57 1.51 2.25
As  TRACE 0.01 0.02 0.02
B 0.007 0.003 TRACE 0.01
Ba 0.24 0.27 0.30 0.45
Ca 1,13 0.92 1.67 2.26
Co 0.03 0.08 0.05 0.07
Cu 0,02 0.03 0.02 0.08
Fe 1.28 1.86 1.43 1.94
K 11.0 8.90 9.82 17.9
Li TRACE TRACE TRACE TRACE
Mg 0.19 0.22 0.25 0.53
Mn 1.06 1.66 1.54 1.98
Na 0.41 0.23 0.49 0.44
Ni 0.03 0.02 0.02 0.02
Pb N.D, N.D. N.D. TRACE
Sb TRACE TRACE TRACE TRACE
Sn 0.06 0.02 0.04 0.07
Sr 0.01 0.008  0.01 0.02
Ti 0.07 0.19 0.10 0.16
Zn 0.06 0.05 0.26 1.62
Zr TRACE TRACE 0.004  0.007

119 0.74
TRACE  0.14
0.01  0.008
0.23  0.18
1.7 0.74
0.04  0.03
0.06  0.04
1.03  0.68
1.4 5.10
TRACE ~ TRACE
0.26  0.12
1.16 0.8
0.28  0.21
0.02  0.009
ND.  TRACE
TRACE  TRACE
0.03  0.02
0.01  0.006
0.08  0.05
0.06  0.71
0.004  0.002

.00
.03
.05
.36
.97
.05
.04
1.31
1.65
TRACE
0.28
1.40
6.63
0.04
TRACE
N.D.
0.08
0.04
0.09
0.22
0.01

R R R e == T R

4.26
0.01
0.004
0.39
1.58
0.05
0.04
1.22
1.51
TRACE
0.19
1.48
6.34
0.03
TRACE
TRACE
0.04
0.04
0.09
0.35
0.003

1.23
TRACE
0.007
0.29
2.86
0.04
0.02
0.79
0.50
TRACE
0.23
1.04
5.28
0.03
N.D.
TRACE
0.04
0.03
0.07
0.12
TRACE

1.12
TRACE
TRACE
0.40
2.91
0.05
0.02
0.95
0.55
TRACE
0.23
1.47
6.20
0.03
N.D.
TRACE
0.04
0.04
0.08
0.11
0.01
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DEBRBRLZ DY, INOORATELUAERBBROHA 7 X GANTEBL THWE LT X %,

bI—DEZBZ L Zn, BBENIETHS), ~ I CPAMEBWT HRETRIC
Lo TAHTHESEE SN ZEIMoNTREY, FNE2EZCVATH InFEHL, 2O LiF
O 6FEBDERICODLTHIRELFTLE2THA I, 2D ZnDH NI kid, FE, #HiK, 20
MORREED LS KEV DL 2L, InDSHBIRHE D BRI OSORETIEb» 520
B, I DM TEELTL,ThIwEEbh 3,

BODISHABOY ZANERIEEAERTAAY, $1@TVAVAKT I ATHo72, £
BARZOWTRTAES, 1%%2Bz5LtE R AL Ca, Fe, K, Naps%<, Kognwiyo
(a), NapZwbD(b)icRAlEh 3,

AlizDwTIZ FGO12 5511.8% L i m s THWiEM i (a) « (b)DRREELSZIR
S, FE—BEOELEYIU,I L > Ty 2RSS 2,

CawzowTd FGO12 2814.2% & L L DA R R R S s o,

Fe i Al L ERRICA—BHEBO ORI L > T 5,

K@L4ROFBLZB5(a) k% (b)ediwn, FGO12 231k 85 & b4 72w, FGOZIB ik
17.9%D K 28055, EH»D(a) 7/ v—713 9~11% L ZEBRLCMATH 5, (b) 7 V—7Tik
BRI L CHECXEIE NG,

Nawz2wTiz(b)d5~7T%LIFIZ—ETH 2,

ZofficowTidETEBRTEL L TCo-Cun®Z z 51 %, FG017, FG018B iz Cu s
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1%, 1.5% & 22Mbix Colck 25O THS 5, FGOL2 BITIC L3 b Ddbd Sy,
Mn iz FG012, FGO017, FGOI8B i2iZiZ L A ¥ E TR LA ZFDOMD (a), (b)izid 1 %LL
EEEh Ty, BROCMZONIZbDOLELIZAERENEL Z5TH 3,
INEZOWTRBFSALERICELSEN3b085 0, FGO2IB % ¥I131.6%b H 3, 2 h
BEAREREDDODGDEI bRV, REL T REHBETHS 3,

5. BbiI(

KPR TR DHEBHI DV THTRITY, W OhOBEEE B, L L3
WREPETEITRRERES T, 85RELDHBICOWTOSY, bo B AEICO: > Tih
BHThDLBEbh 3,

(BB LHEESEIER)

F1 0 LE—m TRERM I E S & BB mAAMSRERREOCEIN, ILEEW, (GBF, 1977)
2 [k
3 H. C. Beck, C. G. Seligman “Barium in Ancient Glass”, Nature June 30, 1934
4 [FHBA, FHEZE, (LG L58= TRy 7 ADWE, EAROF 5 X, (EF, 1965)
5 C. G.Seligman, P. D. Ritchie, H. C. Beck “Early Chinese Glass from Pre-Han to Tang Times”,
Nature, October 21, 1936
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