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Fig81 Irradiating and counting conditions for the elements analyzed in instrumental neutron activation

analysis
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Fig.82 Gamma-ray spectra of sample No.1 (Dinh Campho, Hoi An) cooling 5 days (counting time 600
sec), 2 weeks (3,600 sec) and 2 months (7,200 sec) after neutron irradiation, respectively
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HyIBDOIINF— (BAEFOEFRIVDL), #EEY < ROMTBEEZ N TRLAEDOTHRS
EICI0E DR IEA R T . H Y IBMANRZ PVBITICBW T, TAVF =0T ABEOMEE, BEH,
LEZEDHFHAEENRD LN, DWW TRBETEOFARIRESI NS,

HETROERE, FA—F v 7T VICTRABRHLZ7 A 7 AREHERAETEEERAGV -1 (%
WE). GSP—-1 ({EavBikdE). G-2 (EavE) #EELIIRBEICLVBI ok, &6IC. T
EBM B EREEA OBEEEA]B1la (XRE) &]Gla BT vPRE) 2%y 7L I LIiCABERES
L. ZOEEMRL OV ERGITEOEERMORFTEB I ko7,

(2) I5Z258—-94F

A REHE E DFLHERRL & e B A RE MR BN L RER OFRA - 8. HBBERORHME RV 230043
B EERBEOSE. S HICHBREIE EMBROAEREEIZIE. TR EEMERSTE (F
WHTLHETHD Na, Fek Bl) OFAEREERLTHI TR —GTICE VR Lz, AT, £&
ELTZOHFAERICL o TIIHBMREOKREZ ANV M7 0202 128EE D bWz, HEEHREL
DVTIE, BMERIIH L THo L HBICH BV O LRI —27Y v FEHEEZ b bW, 2ETE
(BB 7 A5 —H5HMOFE) 1TV Tk, v+ — FERROICREREE, SEREEEL DbV TRE
L7z 2R —GHOERIBER (FrFursa) ELTRLE, ABETIRY +— FEZ9HEFE

#*26 REED (UB-1a, JG-1a) ODEERR
—HBPUEFTRIHEDHTOERMEDREY (Na, Fe LISME ppm)

Table 26 Results of instrumental neutron activation analysis for standard rocks JB-la and JG-la,
distributed from Geological Survey of Japan, as reference (ppm except for Na and Fe
expressed in %)

(]

Na(%) Fe(®*) Rb Cs La Ce Sm Eu L Th Hf C Sc Cr

J8-1a[10] 2.00 6.21 25 40 57 5.1 1.6 0.35 838 3.3 39 31 420
GEE 0.1 047 13 5 3 03 04 012 0.8 0.5 4 1 130

1.2
0.6
J8-1a[11] 2.09 6.30 53 1.1 39 5 6.1 1.7 0.36 9.2 3.6 39 31 410
1.3
1.1
1.1

J8-1a(12] 2.00 6.16 52 40 57 5.3 1.6 0.33 9.1 3.5 3 30 390
JB-1a[13] 2.1 6.32 31 40 57 5.3 1.6 0.3 9.1 3.3 38 32 410
JB-1a(14] 6.23 28 41 57 5.4 1.6 0.44 8.7 2.8 40 30 450

HIE 2.05 6.24 38 1.2 40 657 5.2 1.6 0.37 9.0 3.3 38 31 420
WIS 2.03 6.36 41 1.2 38 67 5.2 1.52 0.33 8.8 3.4 39.5 29 415
JG-1a[10] 2.54 1.44 180 12 30 57 6.0 0.70 0.53 16 3.3 68 7.1 1

E&s) 013 0.16 24 3 4 3 03 024 015 1 0.4 0.7 0.4 5
J6-1a[11] 2.63 1.37 180 13 23 47 4.7 0.69 0.46 14 3.2 53 6.7 14
J6-1a[12] 2.45 1.41 180 13 23 46 4.2 0.73 0.57 11 42 6.1 6.9 19
J6-1a(13] 2.07 1.37 180 12 39 40 4.4 0.65 0.49 13 3.4 4.8 6.7 18
J6-1a(14] 2.66 1.37 200 11 22 41 4.2 0.71 0.55 11 3.3 57 6.8 18

Pi5E 2.43 1.39 180 12 27 46 4.5 0.70 0.52 13 3.6 6.3 6.8 17
(2007 2.53 1.43 180 11.4 23 47.14.6 0.72 0.53 12.1 3.7 6.7 6.6 18.6
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RHbWniHEROAERLT,
TSR - O EEBRBFOFMICEL CiZ, FEHE BWRAE BF]J~Yy)—F, HLEFE-H
HEIFERR 1 1992) BRI,

27 DMBR-BEPUFTHEED T (Na,FellFHT pom)

Table 27 Element contents of the pottery sherds determined by instrumental neutron activation analysis
(ppm except where noted)
Samples Nos. 1~17 and 31~34 are from Vietnam, and Nos. 18~30 from Japan. Nos. 35 and 36
are clays for comparison

No. Na(%) Fe(%) Rb Cs La Ce Sm €Eu Lu Th Hf Co Sc Cr
1 0.38 3.18 160 13 54 94 7.8 1.5 0.61 23 6.7 10 27 100
2 0.45 2.35 150 12 54 97 8.4 1.8 0.63 21 6.1 9.4 271 100
3 0.46 4.58 190 14 77 140 10 2.1 0.74 26 3.6 26 26 130
4 0.47 4.56 120 14 48 81 7.1 1.5 0.55 23 3.7 11 24 120
5 0.43 2.88 180 14 49 87 7.3 1.5 0.69 24 6.1 6.6 23 100
6 0.50 3.44 150 12 49 88 6.8 1.4 0.70 23 6.7 13 21 110
7 0.24 3.07 150 M 50 90 7.9 1.6 0.70 23 6.0 10 22 100
8 0.23 3.88 190 16 5 110 10 1.9 0.60 24 6.1 13 23 100
9 0.41 2.86 200 17 63 120 11 2.2 0.66 24 5.9 12 24 100

10 0.43 3.22 180 14 46 79 6.6 1.3 0.5 24 7.5 8.6 21 100

1 0.61 2.68 200 14 48 87 7.2 1.5 0.57 23 1.1 7.2 22 100

12 0.19 2.83 190 12 54 100 8.7 1.6 0.65 24 7.7 5.5 21 90

13 0.42 2.76 180 15 57 110 8.8 1.8 0.61 23 6.5 13 23 100

14 0.26 2.63 160 14 80 150 13 2.6 0.78 24 6.1 7.3 24 110

15 0.19 2.60 160 18 79 160 18 3.2 0.82 23 7.6 7.3 21 100

16 0.21 4.34 180 15 120 190 18 3.3 1.0 23 5.3 12 24 110

17 0.23 3.69 170 12 92 160 13 2.4 0.89 23 5.9 9.1 23 110

31 0.43 6.08 170 14 67 120 9.5 1.9 0.76 27 4.7 23 28 150

32 0.52 5.47 180 14 65 110 9.4 1.9 0.74 24 5.7 20 25 130

33 0.32 4.20 150 M 54 92 8.8 1.8 0.62 21 6.0 1 20 100

34 0.31 3.06 200 16 57 9 8.7 1.6 0.73 26 5.6 12 25 130

18 0.36 4.38 160 16 69 130 8.9 1.9 0.67 29 3.7 14 31 140

19 0.39 4.81 190 15 61 110 9.0 1.7 0.79 25 3.6 16 26 120

20 0.39 3.09 160 13 64 110 9.7 2.0 0.77 22 6.1 9.9 22 100

21 0.33 2.14 180 15 55 91 7.5 1.5 0.66 25 6.0 7.2 23 100

22 0.28 3.75 130 9.9 75 140 N1 2.1 0.80 30 7.9 N 22 90

23 0.45 2.11 180 14 53 88 7.7 1.6 0.55 24 6.1 6.9 23 100

24 0.52 2.82 150 13 54 88 7.5 1.7 0.55 25 5.8 6.8 23 100

25 0.42 2.16 180 15 52 93 7.8 1.7 0.49 26 6.0 8.7 24 100

26 0.38 3.87 170 13 57 90 7.9 1.7 0.57 23 6.0 15 22 100

27 0.25 2.97 160 12 58 100 8.5 1.7 0.57 23 5.7 14 20 90

28 0.49 5.17 140 N 53 81 6.2 1.3 0.40 16 6.4 9.7 18 90

29 0.53 2.44 120 9.3 37 63 4.6 0.93 0.44 17 7.4 6.3 13 30

30 0.44 2.08 200 14 66 99 9.7 1.7 0.8 24 6.4 1 23 120

35 0.74 1.98 80 4.0 3 90 6.0 1.0 0.60 14 13 9.6 10 60

36 0.83 2.52 120 4.7 3 63 4.9 0.85 0.57 15 12 6.9 11 60
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A7+ —HiEHT1H N3) O3HCIVERENE TR —, QEE#HLLTOT7L - I—Rx V&
HIRESH No5~9) M7y 275y 7SBHREIH Noll~13), 77y FE7 v 7 ) —ZHRE 2 X
(No33%34), HEBHBLLTORATVDOF4 Y - ha7+—HAHEIHE N3 %202 Nl 2. 4).
TI e FZ A UN—BERELE Nol0) ODURIZEVBEINE S FAY—D 3T NV—TIZ5HEN %
B, HERABICOWTIE, ChHOMEBH LIHEEMBR S TRFEENE L R -oTEY), TOMNEH
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(2) BFEEAORFHIREROEEBIETE
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- RXMFAEADEEHH TS (Na, Fell4 {2 pom)
* RN FFABADERED BN (ZEH) FRESEA

Table 28 Classification of the pottery sherds from Vietnam depend on the cluster analysis. The element contents
are given in ppm except where noted
% shows samples from the kiln sites. Nos. ©@~®) correspond to Fig 83

No. Na(%) Fe(¥) Rb Cs La Ce Sm Eu Lu Th Hf Sc
SO—* 6 0.50 3.44 150 12 49 88 6.8 1.4 0.70 23 6.7 21
1 0.38 3.18 160 13 54 94 7.8 1.5 0.6 23 6.7 21

* 7 0.24 3.07 150 11 50 90 7.9 1.6 0.70 23 6.0 22

2 0.45 2.35 150 12 54 97 8.4 1.8 0.63 21 6.1 21

* 33 0.32 4.20 150 11 54 92 8.8 1.8 0.62 21 6.0 20

4 0.47 4.56 120 14 48 81 7.1 1.5 0.55 23 3.7 24

* 5 0.43 2.88 180 14 49 87 7.3 1.5 0.69 24 6.1 23

*13 0.42 2.76 180 15 57 110 8.8 1.8 0.61 23 6.5 23

10 0.43 3.22 180 14 46 79 6.6 1.3 0.50 24 7.5 21

* 11 0.61 2.68 200 14 48 87 7.2 1.5 0.57 23 71 22

*12 0.19 2.83 190 12 54 100 8.7 1.6 0.65 24 7.7 21

* 8 0.23 3.88 190 16 54 110 10 1.9 0.60 24 6.1 23

*x 9 0.41 2.86 200 17 63 120 11 2.2 0.66 24 5.9 24

— % 34 0.31 3.06 200 16 57 9 8.7 1.6 0.73 26 5.6 25
S — 3 0.46 4.58 190 14 7 140 10 2.1 0.74 26 3.6 26
31 0.43 6.08 170 14 67 120 9.5 1.9 0.76 27 4.7 28

— 32 0.52 5.47 180 14 65 110 9.4 1.9 0.74 24 5.7 25
CADO— %14 0.26 2.63 160 14 80 150 13 2.6 0.78 24 6.1 24
* 17 0.23 3.69 170 12 92 160 13 2.4 0.8 23 5.9 23

* 15 0.19 2.60 160 18 79 160 18 3.2 0.8 23 7.6 21

— % 16 0.21 4.34 180 15 120 190 18 3.3 1.0 23 5.3 24

HAERNOBEL ) 1 LSRRI OWTHRET 2L, RbFLAETRZVWERNShD 28 O
HHAOEBFH T, No28, 29) ZDZL 11K, KD (1) THRRERMFAENOMEBRE OSEIZBITS
3TN=TD)bQLOIMIET S22 TAY —ICRINENBHTHE SN B, SESFIEL-BA
A& OB TR TIE. ORHIET 2 DIBRWEE LD orz, —H, XM FAETIERV &R
ENB 28 (No28, 29) 1& TO2HTHNLZZ A5 —%FELE (2T @E L),

@DYFAY—IZDVTiE, ESTHMIHETEATMHESED), I~ND4L I/ V—THhEL LN D,
ZDHH. M (Nod) &V (No22) T ETZEKTHMBH EMEBRSTENLETRL-THBY . L
DENRHEDEE No4 HE, N2V ERETHOREAMBE VDL LED). Ho5Vidltorsy—i
CRETHO,D Lk, MREZIMBHEHEZSOICHERCONMT LI LICL VAL LL L ED
o, BEETIE, —B RILTBLZEIZL,

5 F&&

AR T TCRAER - 7 7 X5 —GHICHET NN F AENOREFE B & B AN 0O &8
TR OSERREE $ L O TRIRT,
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Table 29 Classification of the pottery sherds from Vietnam and Japan depend on the cluster analysis.
The element contents are given in ppm except where noted
* shows samples from the kiln sites in Vietnam. N shows samples from Nagasaki, S from Sakai,
K from Kyoto City and H from Heiankyo, Kyoto, all of Japan. Nos. O~@® andI ~NV
correspond to Fig. 84

No. Na(%) Fe(¥) Rb Cs La Ce Sm Eu Lu Th Hf Sc

(€©)) 23S 0.45 2.11 180 14 53 88 7.7 1.6 0.55 24 6.1 23
| 25 K 0.42 2.16 180 15 52 93 7.8 1.7 0.49 26 6.0 24

* 5 0.43 2.88 180 14 49 87 7.3 1.5 0.69 24 6.1 23

218 0.33 2.14 180 15 55 91 7.5 1.5 0.66 25 6.0 23

*13 0.42 2.76 180 15 57 110 8.8 1.8 0.61 23 6.5 23

10 0.43 3.22 180 14 46 79 6.6 1.3 0.50 24 1.5 21

* 11 0.61 2.68 200 14 48 87 7.2 1.5 0.57 23 7.1 22

* 8 0.23 3.88 190 16 54 110 10 1.9 0.60 24 6.1 23

* 34 0.31 3.06 200 16 57 9 8.7 1.6 0.73 26 5.6 25

* 9 0.41 ‘2.86 200 17 63 120 11 2.2 0.66 24 5.9 24

20 S 0.39 3.09 160 13 64 110 9.7 2.0 0.77 22 6.1 22

- 30H 0.44 2.08 200 14 66 99 9.7 1.7 0.8 24 6.4 23

l— 26 K 0.38 3.87 170 13 57 90 7.9 1.7 0.57 23 6.0 22

1 0.38 3.18 160 13 54 94 7.8 1.5 0.61 23 6.7 21

2 0.45 2.35 150 12 54 97 8.4 1.8 0.63 21 6.1 21

* 6 0.50 3.44 150 12 49 88 6.8 1.4 0.70 23 6.7 21

24 K 0.52 2.82 150 13 54 88 7.5 1.7 0.55 25 5.8 23

* 7 0.24 3.07 150 11 50 90 7.9 1.6 0.70 23 6.0 22

27T K 0.25 2.97 160 12 58 100 8.5 1.7 0.57 23 5.7 20

* 33 0.32 4.20 150 1 54 92 8.8 1.8 0.62 21 6.0 20

- %12 0.19 2.83 190 12 54 100 8.7 1.6 0.65 24 7.7 21

m-— 4 0.47 4.56 120 14 48 81 7.1 1.5 0.55 23 3.7 24
V- 22S 0.28 3.75 130 9.9 75 140 11 2.1 0.80 30 7.9 22
@[: 28 K 0.49 5.17 140 11 53 81 6.2 1.3 0.40 16 6.4 18
29 K 0.53 2.44 120 9.3 37 63 4.6 0.93 0.44 17 7.4 13
CADO—*14 0.26 2.63 160 14 80 150 13 2.6 0.78 24 6.1 24
* 17 0.23 3.69 170 12 92 160 13 2.4 0.8 23 5.9 23

* 15 0.19 2.60 160 18 79 160 18 3.2 0.8 23 1.6 21

L %16 0.21 4.34 180 15 120 190 18 3.3 1.0 23 5.3 24
S — 3 0.46 4.58 190 14 77 140 10 2.1 0.74 26 3.6 26
19N 0.39 4.81 190 15 61 110 9.0 1.7 0.79 25 3.6 26

3 0.43 6.08 170 14 67 120 9.5 1.9 0.76 27 4.7 28

32 0.52 5.47 180 14 65 110 9.4 1.9 0.74 24 5.7 25

L— 18N 0.36 4.38 160 16 69 130 8.9 1.9 0.67 29 3.7 31
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Fig. 84 Results of the cluster analysis of the element contents of the pottery sherds (1)
21 samples from Vietnam and 13 samples from Japan. Nos O~@ and I ~IV see Table 29
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HA - N b FAME DT F b SR 25 O B 547

Nos. O~@® and 1~V see Fig. 84 and Table 29
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Instrumental neutron activation analysis of the Vietnamese pottery sherds from
Japan and Vietnam

Masumi OSAWA and Shuji NINOMIYA*
Dept. of Cultural History of Japan, Faculty of Letters, Showa Women's
University

*Dept. of Chemistry, Faculty of Education, Tokyo Gakugei University

Chemical studies on the Vietnamese pottery sherds from Vietnam and Japan were carried out to know
their provenance, kilns for making them, through the trace element contents by instrumental neutron
activation analysis.

The Vietnamese pottery sherds used are 14 samples collected on the surface of four old kiln sites (My
Xuyen and Phuoc tich, Hue ; Phuoc Ly, Quang tri; and My Cuong, Quang Binh) and 7 samples
excavated at three archaeological sites (Thanh Ha, Hue ; and Dinh Campho and Thanh Chiem. Hoi An)
in the central Vietnam and also 13 samples excavated at four archaeological sites in different places in
Japan (Nagasaki, Sakai, Kyoto City and Heiankyo, Kyoto).

Contents of 12 trace elements such as Rb, Cs, La, Ce, Sm, Eu, Lu, Th, Hf, Co, Sc and Cr, and
two major elements Na and Fe in the Vietnamese pottery sherds were analyzed by instrumental neutron
activation analysis. These samples (ca.30~50mg) were irradiated for 24 hours intermittently at Rikkyo
University Research Reactor, TRIGA MarkIl. The activated samples were measured by gamma-ray
spectrometry using a high resolution Ge (Li) detector coupled with a 4096 channel analyzer.

As a result of the cluster analysis of the element contents of the pottery sherds, probably 13 samples
including four Vietnam and nine from Japan, were identified as those from the Kkilns of My Xuyen,
Phuoc tich and Phuoc Ly.

It is interesting there are no samples identified to My Xuyen kiln site, supposed to be thelate
seventeenth century. It agreed with the fact all of the samples from Japan were estimated earlier than
that time. Also five samples from both countries have no adequate sources, so it suggests some of

undiscovered Kkiln sites still remain in the central part of Vietnam.
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