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A1 Sensors & Software #1484 NOGGIN 250MHz 7 > 7 F &\, 3 DATOHEER S TR L7z (Fig. 13)
REMR T

ARAPCPERIRNE IS DWW TR EZ M L 7z WP 4 m, FEIk 4 mOEPHOFIFZ, 0.5 mlHEIBRHOHIKRAE T 5 1
FIAOIME LTz, WERIE 40° ORI TH o Tlzsd, 727 FhiRmic#s Lic <, Mz U058
NEHZEN, ZALATAAnsI0O LD SENS 1 ~ 2.5 mDOAHRICKIGHRIT TV 2 E7 D EED 5Nz, Fig.
13121d ns28-30 DX A LAT A AN KR LT, A UHIZRO RIS ZEIDTF L TV B AREMEAH 2 L LT,
ZTNEHMITZF FLYFERE LD, F RLYFREALLE DO, TI4 <) —KETh 2 a7
WRHRIEZ LT D LHEEE NS, F FLYF TR, ZEHIZOEREZHEOBOTESNTHED, IR
HOEN, 20 RV FEMERIL T2, oM R R L0ET 5 L, RV I TR0 K
WIS TV BT HEE T H 2 WREED D B L E X %
PREHS 2

AHEXPERIORHE FE T U PHEZ A9 % 6 IKOFEZEM L7z, R4 m, b6 mO#FHZ, 0.5 mMHk
DYWL THFG - RO 2 AFITHIE Uiz, Figl312, ns22- 2 4 DA A LAT A AFHERZR Uiz, HAEKD
FRERICTROEOSM H %o FRETHIN 2 TIRHIFIEZHM L TORWOT, B L OBANZHEIZ TR0,
b-b” DHWTHNZ RS &, HBEEDOERE DIFTRENIE>THD, ARVEVATRENED D 2. A2 I
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HIC X2 EDh, HIBICKDEDONEDNLEE,
wEMS 3

ARE KR ORI H OBEE & FfE LTz, T OHFTE, 1980 FROBE CRECZEHOM A BT H L TV ? & &
NTWERATTH %, 3 m, FMik 10 mOHPEZ, 0.5 mEREORKELE TR - Fdbo 2 J51m TRIE Lz,
Figl3 12, ns20-22 DX A LA A AV ZR Uz, RTINS T3ROS RISH L0 - 1mE& 5 - 6m
T 5 h, BROKRIEDH, ¢ - ¢ AW ZRTE, ZORPADKIEN ns10 LLFTHRIFTEHD, HE
gl 1 OIS E KTV D, EPDEEIFEL TV R ARENEH D L EZX B,

L3.5 FLVFHE
(1) JEfL (Fig. 14)

FLYFIC K o TN OHERDIRIIE 2 50, EAREMNE LTIE, [~V EX T2 LT
g £& EDEFOMML, BHiRzZE &,
Mg Hea)V MVE, WMELZzE eI %,  FERGas - U8R - B EST,
Mg 4V—7.EamEIIV N2 LT 20, D0E0MERT, RIS 25T, JULRA 2R S5 T,
IVE WHEBEmE L M eRHE 35, D ULEZET,
Vg WHEfgOmEMzERE 5, G

FHEX DR REBINIET D ABDG FLUF TR, TBEOHELNELHR L THD, ZToOHITEYHIUE
ENTWee B+D FLYFINBIEHIBNETENTED, LHUHOEDTH S LHEEINS, £HINHD
L oF Tl EREIC R 5N 5 TRV, &5 & EmlchiEd 5 G b Lo F TR, #ELE FAVERE (V)
THO, TOEBEZEE L TIHEZEK L TO2HEbh %, WNC)ET S C-E-F-H bLVFIE, 11E
FHE LS, TTEMHEREL TW05, HTEICE, HREESRCZER EEDN S MU EENTED, Bl
WIFOEYIE RV EN D, ZHPEESNTOSRHIGEVWE D EHEET S, IVEICDOWTIE, K{LEST

44m

R

Fig. 14 LRREEIN & 20504
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Bo, VEOEILTOXSICERA S, HIEWE DRV, IVEZZ2ICIEHLENLYFIEH FLYFDH
THBHID, TOEOMNBEBIFICDONTIIEE L0,

(2) £ECTHRELREY (Fig. 15~ 18)

KECTHRELTZEYICOWT, EHARERE DDA TITHINTT %,

28 ~ 31 IFFDITFBTH %, 28 I LIz T, HRIRIE T THREIC X > TAS IS SN TV D, H
EHENICIE DR A LIRDZEHN—58 > TE D, ZEHLITITEEAMMMIEE L T2, WEICIEEEER U D OFEK
Ki LBME LT 5, 29 IS SR U 72 RICHEM R TROREN KRS D EN S ORGSR TH 2, Iz
HEF TIRE > THAWND ENTHD, WHEICIEA Y —T REOHBHNMIE LTV, 30 3R NAKT S
BT, AREEDNRAN S mE L, RTINS SN TED, B FMCBREZEKT %, shmmicidBao A
D —ET S LT3, 31 IESHRD DI LRI LB EWBIERER B LIRS T, 125 EW D IcERIE
K3 %,

32 13HV T % HEgEREH, EEhEL B RIBL TS, 33 BE O~ BEERICNT TOESTH O,
PEHEE 9 om, JEEBEHEE 23 am2 il Do AVHICIE AT X X FDIEMDASNZ D, EERL TV TR OREE X
RHTH %, NEICIEK OB SIEDSHBICIE > TV b, 34 I RKELSHNRT BEDIRE T, LEBIZRIELT
WADHNEICEDNEREN TS T 2D, Vb ENDZAETREEZIDNS,

35~ 37 13EHDBHTH %, 35 FEHE FMICEROEFENDNTE D, NI FITXXFENHEN TN 5,
36 W IICHES TR 2 2 FNMENTE O, WIICITK HHOBESENA LN S, 37 IFFMmIC g TH 2 2 FH
fEiEn, —#A4 ) —7REOHBMHBFEL TV,

38 + 39 IFFEDEITH 5, 38 WEHNHEICHFHETH X ZEMMEINTED, 39 TFATREZFNEN TN %,

40 ~ 44 FEOIRI TH 5. 40 FIRHEE 25 om, SEEBEHEE 20.6 amZM %, [HREGERIZPDAM D SN,
SEBIEAE < JBIIT %, NHEICEEE TH X2 ZF DI NTED, —HBEHOREENA SN D, NEITIEM AT ORE
FIEVPHRLND, 41 FORHAEE 19 cm, SEREHEE 13 2%, CIIRERIENTE M 7 IRZ2 L L TR D, S
s RN %, WAL & F THENHENTED, —EnlEt Y — 7 aOMMIE LT\, 42 IZIEGHH
PHISAE EFSNTED, SEICIETFIT X ZFDMEINT VS, 43 3R ID BB RERT, g kA
LTW%, 44 BSHPRHEE 124 omZz %, AEICIE AT X FDEENTE D, NEEF TiRENE N5, 4
BEIRAK 2 m& RRELAL LT BN T3,

46 (FFEDSEB~FHIT T TOHD TH B, SHEHEE 13.2 emZH D, SR SFFHIC T T < Jatih L
TWa, NHEIEINLO T2 2 I K BFEDEE N, WEIEEOMSCY TEOREBAH BN S, N OB
IR 2 G T DR LTINS 2 72 & 5 EBD > T b,

45+ 47 ~ 51 IMEZ ARG T, HEREEEDND, 45 13EEIL TV, HPEBFIc B % EH
WCEXBEDEEZENS, YWHIIEHTFHZZEDHEN, WEXELOHSCY TE L HTHECY TEOIEINA S
N3, AT BHEITHE LD L TV B DS R ARV EH 2D, BT TR ZTORBHRHRSNS,
WIHI GRS THTH %, 48 + 49 IIHAVHEICHHS TH X X FIC K 2N I N, NEIXFELOMSCY TH &7
B CTHOEHDE S, B HEiE T, Ktz 29 %, 50 FERE 194 m, &E6E 1.2~ 1.3mZzll%, &
BEblE TN OFIRCHE, TERIEISINE %, FHRIENAEICF TIREN S N, KES IS IENT Y0 ik
MiEETNTWB, TdkAZEL, METH S, 51 EFNEHICHENRCY THO—FNA LN S,

52 I FWEEERGAR T 19 il & B2 5N s, DERHEE 10.6 eonzill D, SHEICIZEIESCH DN TN S,

S53FEDH T, A IS TH X ZFIC X2 ENTED, M2 2FOERONALNS, NH
FRLDISYS TR & TS TEOEMD R . BLEEOEZEL, ETH S,

54 + 55 FHi T TH %, 54 IFEREICTROBEBDHAKICHE > THD, —HMTRERONALNS, GIRIKICR
Wit 29 %, 55 I3RS LEICHEER O OBREF DMIE L THE0, oA TIdmEEZE L TWa, FEIRD K
Sl T RREIC K O SEHICE B S N TV B, iR LA RE, ZUHERDNKAGERT 5,
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Fig. 15 MR EMiAEY (1) S=1/3
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Fig. 16 MMEK&MEMEM (2)  S=1/3

18



FEfARA O

Fig. 17 HAXEEHAEY (3)  S=1/3
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(3)  ARLYF (Fig 19)

4 -5 KOBEREMAURICIEGN 1 m, BEE 5 mOMRD < EHHBHTENESE A N LYFE LTHEIL .
2012 {EOHANFIC T O FHIEH D, 28BS U < (X B ATREM 2% 2 Tz,

W L7z & C 2, 8 GEALED B FTE IVIEORINE N, B E it Lah 5T, IEHORIIEAT
TREDT BN, PENIETRES, 4 - 5SRO THBBROFIRTH > FREND, PHECHET %
IROERED, FIRARIC K- THIBNBTH B 5 LHEES N 5B,

(4) B RLYF (Fig 20, 21)

4 KHRERICHPE /T 2 m, M1l mD LY Fo2RE LT, KT 1 mETHRAIL, 4EORPTHKR T L,
EYNE 38 bm GEARTE I EH) K oddah 1 st Uiz,

56(3B FLFDOIEMEHELTHD, AMDHEREDINOE T TH %, itk D—BNINCT D IREN TV 2,
RN TE ST, FHllEAHTH %,

42.0m — _

41.0m — SXEZS A

0 (1/40) Tm

Fig. 19 A FLYFFifil - AWK S=1/40
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I ERSDREL

0 (1/40) m
BRLF i —
&t
2 JE Be (7.5Y3/1) 2V NER), BHEE 8 (2.5Y6/6) 250 % DL L& T
3 g B (10YR3/1) )V NERY
4 J - 3548 (10YR5/6) WYELS )V K, S5embd oz s

Fig.20 B FL Y F il - JENiWnG  S=1/40
_ (5) C-EbrL>F (Fig.22, 23)
) CrLYFEEMLYFIZ, 6 ROPH FEICERE L

|

@ Joo CRLYFAHPE 1 m, F5It3m, E ML FIEH
T Pi2m, k1l mTH3, C L rFd4e, mEillos
) ) LA 2mD kLY FERELTREIZ T 720, £

6 0 » Joem JEE T 5 RS 28Ry 7n 38 L IRIEY) D JE DR
. —— eEnricd, TolHRiz s 7eoic, Jamic1
Fig.21 B ML F Lt S=1/3 mMAHENXZ NS T, ZFEERNEL L 8IS, RIEYD b
IKEEE-THD (Fig23 MHF i), DM 5K
SHERFZERAOY > V2 I LTz (U EAEAR
HIE AL I . HERRINAZ R 27201, aa” T4 > X0l 2 & L g TOMENIC & oz, Lo
H2EE 3FEERELIETA, IVENHERTED, JLRATICHT 3R E Nz, ERHTICHIET 555,
BRIEANANZEDTHS LHEENS, LML, ENLYFTCRMRTE A >/ (ELF 58 B, C b
LT, BYolKAN o KEO—ETH 5 b#HEENS, E MLYFIE, CFLYFICHANS LEYIN L
B Dixl, RIEMOBELEETERN >/ S5ENE FLYFDAREICHD, RALEOIVETHS, Fll
TE2EWEEVD, FESR PRSI LTw 3,
3B
57 W MERIENN S+ UTe#i O~ S T %, SMBIFRE AR L TED, RO FEAhHE i
DERMUROBRZELL, ZTHhEPREVEKICIE EA S, SHE TR XA FIC KBTS SN TV S,
SEERRIEHEE O emZ i B
58 IXIVEMN ST U7z DOSEH T, SEMRIIHEE 9 mZz 5, WAMAICIZZ 2 F - Y TEDEMIHLNT
NEIEIaF T, NEEIEA YIS XTI N TS, V=T RBEDHIRMDNIEICTE L T,

(6) D kL7 (Fig 24, 25)

D FLYFE 3XDOEMICHIET B, K& TOBMOBAAMNL N> T TH 5, ME—ILPEAAIC 3 m, TE1
moD LY FE Lz, EBYNE, 1ENS 3EXTOMELK O EERF ZhLe 328U, 38
KO RERROWZEHE L TED, TNEDHEDHFLWEDNDD S, TUREN D DIRIVAARTHA 5,

S

59 ~ 62 [ZFEDIKTH %o 59 FIEARS TR LB L T2, S OF ISR VAT X ZFDEE D H -
THIEN TS, WIS IFHVEI DA 5 N2 IEHRSCY TRORMDA SN D, FEH L TV 5 e HaHlid A
TH B, RELHMOEERERNED, 60 EHIITFITZ ZEDMENTVED, FIRERL TV S, JEIE»PE
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N 1* stima
X=-174,380.0 %g
Y=-61,990.0
+
2 LU A i T d
C
chLoF W
42.0m— _
f
ERLUTF
FRL>FieE 58" ERL>F L
1/E:&+
f 2 & A =T 8t (2.5Y4/4) IV NVER, 2, 3em KL KOS TS
3 B 4.(2.5Y5/6) )V MY, 10YRT/8DMET % &5
41.0m— _ 4 J& I H8 L (10YR6/6) $iML, )V NS
: 5 J& | #18( (10YR6/6) (PEL S U b, [ 12~ 10 KOz 525
I A SORIEL
d 20m).°
S 3L 4 JHOBE
415m — 4
4(1V)
CrL Y FJENL R
2@ A)—7 180 (2.5Y4/4) 2 )V VER, 2, 3cm IR
YNYRNOY Sx ey 0 (1/40) Tm
3JE R (10YR2/1), VIV NERD, BRAEYEEH —
Fig22 C FLYF -E L YF P - Jhilna  S=1/40
~
1/3) 1(I)CI’Y
I I I I ]
Fig.23 C MFLYFi it s=1/3
59 . = X=-174,377.0
66 68 \ Y=-61,982.0
! - |
| 60
i =i X
DhL>FJEhL
38.5m — 1fg: &+
2 JE Bt (7.5Y3/ D))V INVER, IHE G (2.5Y6/6) iz
50% L L&

4 e (10YRS/6) W IV, S5embd Oz &L

I ALRHSDRIEL

Fig24 D ML YF Fhild - il - S=1/40
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VRIRICYLE BB EEZBND, 61 BWNINIIC T THEDENTHD, SAmIciE—HTT2 X F ORI &
5N%. 62 FEHICEANALN, KD SEMRWCLE ED>72DD, FeMIcHTAR <, Witmebicd
aF 7L T BN, NIRRT O BRMD—ENE T 5,

63 - 64 FEDHILTH 5. 63 FHHDLBEHICH T THRNMICH <o BHESIICIZERHTH X ZFDME N,
P ISV OIS B N2 TGRS TEDAMIC IR 2, 64 XD SR A T < Jatih LI\
EEZ T %, WIICIZEETHZ ZFHEN, NI LIEDIEPASNS,

65~ 67 ZELEDONZMENH TH D, FHHICBHERTH X X FICKZMEDES N, WIS I3BEHRSCS T
BEPITHROCE TEMES . HZIERHTH 2,

68 (FHRED/IMAT, FHIO BRI B HIREGIC K > THIDMN TV S, GEEMAPD» > THE59, &AL T
W5, KRIERHREEZ SN,

(7) F-HFLYF (Fig 26 ~29)

F-H FL2FE, AR, &M 11Chiz%, F FL2FEEE 1 m, FElk3m, H b L2 F 3R
JE2mlFOREETH B, F bLUFIRRREYUY], L—ZEEORIE & W75 OME WIS H 72 155 7% s
ICRGE LTz, Mt mc 2 mO#HIPA TREE S N, BRI HERR T E e > 7728, T HICHEANC 1 mDIX L7z,

FRLYF T, 9 1.5m OFEI DN SHRE LPELERZ NS LelabEkz 2, —8H 7 Z{E Uiz L
Mttt E Nz, LickER Ty 7 TEHEENTVSEDEY E UTHED EFRD, ERRmEXfo 12 Fidd)
MY, FhiEZ E EDHTOENE LNE, &5 TS OiPHZ {18 T X 250 THHIZH# T Lz, &k,
YL UTHD BT my ZIconTE LY MU RE G ERZERM L, ZOMEFIEARE (L 5) Ikl T\,

F LU FEm TldBE LERIE 40 ~ 60cm B THERR SN TV 5, ZEREDFNERZ L EDTWVWBH LT 5L, ZONIE
370 cmicix b, mllOBTIZES K51, HORILENEZEE N (Fig 26 FimXKMgHEIE57). 0 kic
Watgtaz iR e Lic b 7oy ZIRICHER L TV %, ZEBF RO FITERAIC ) - LU &I EEICHERE L 72 & DD
WL, ZMEICH LSHRLIZEDTHA S HEE NS, ABTHS 10EZHS L, JefikELsifo
#iE, F—LRZE2ELTHBY, TOMBRICZ> TERZELT 2L, FLYFEmEDSEE 80cm EED F—L
Bz LT 28K A E S NS, 2ZOREZIE> ORI L TOARVD THEE DI RV, AigH< b hhn
TeMED B L FIRETOFHAIT 1.5 mdb D, ZEREOEIERFEZ 5L, ZNEIE 1 mggLkixb, IIBRZENMET
TZE%,

HELYFTIIEE 40em ZHHIL, 1~38 (1 - M@ ZEE LT, IHEEZ RV, H LY F M
WGEYINZ LTS, KEO—BEREEINS C FLYFICk 8D TH S, BYIOHAIZIEINC & )LD >
THO, B LEH»EDRIAHTH B EEEEEZ BN S,

A&

69~T70EHFLYFO 1 ENSH T LIEYTH S, 69 IFHEDIIRIBT, CsmmRd Wi M IRz 2T 2,
WHMRT S 3+ TIC K 2T E N, RO ERMBATE L TWad, 70 - 71 ZEOMEA TH %S, 70 134+
SR DS H 2 2 FD X N, W BEIKSCY THEFATHSCY TED KD, 71 I35 I iR 1 H %
AEDHENT VD, WHICIEZEOBEHRSCY TEDIARICA S NS,

72~81IGHMLYFO2ENMNGH LB TH S, 72~ T4 3EDIIRFETH S, 72 1FEEBH S LI
WM TRELANCFANTZD B, DXHIEUIROBERMNKD, ZIHhEPREVAHRICLS ENV5, [Hgmahid 7
T K > TAL M BTSN, B5HZ2ED, T3 ENEICH LA HE L TWa, SHED B IREBIC T Tk
RRENZRICV B ENBEREZ R %, CIRImDBIE IS B 5N TS, T4 1 E0RNE L5 H B>
7eDb, RESNWKT BIEEDIFHLTH S, LHFmERIE—FZDDEHTZLZET HD, BENDOIMLENTDI]
B 2D SBHZMITHTH S,

75 ERHEE 17 emZ W B FOEH T, EKEHD SRS TR BER 29 %, Shmmicid RO
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Fig.27 H ML UF 1l 1EY  S=1/3

FATRZFDEE N, NEICIE S TROEZH 5 NEW,

76 BEDOHEHTH 2, SEH SBEBICHIT TIFEPMCHE, ANHEICHEZE D, BRI IR O T 2
ZEDMEE N, WHICIZEZR D G > FZROHSCE TR DRSS T a,

77 ~81 BELEDLNLMEHF TH %, 77 IHHICHERETHZ X FIC K BT E N, WIHIEBERIRSCE T
BEFATHOCH TR S, 78 ISV IS HHS T H 2% 24, WHEIBEHRSCY TR & FATHOCE TRORBDH 5
NB, HATHSCE THO— A=KV ZI B H DK S DA > T0B, 79 BHVHICHERTHZ 2+,
WIS IRSCE TR EATHSCY TEDAR BN S, PPRNIET %, 80 IS Mg TH X ZFH SN, Wil
EHEPRE TENZREZ D H > TS 81 EHMHAFMLIOFAT X ZF ERNLO TR X FNEZD H> T %,
W FEOFSCY TR E T THBCY TENA SN, —fYTEREZFTIHL TV 5,

(8) G kL7 (Fig 30)

S5XOPEMICrEIL 1.4m, WE 1 mO ML YyFeHRE L, LEE, #EL (28 / EAEMCT) &
FRE (3 EALE V)R TE, 2 @) DM LA oA L U, RO A g GEAE A
BHERTE R o7, FHEREKR DB O, TNzt DLHEEI NS,

P

1) FEAZHKRED, MEEENTOAHEEE3HHET, HERT Z2RE L L O TERZIF Tz, TR HEL TWaLD, Fig 3

TR A 2 F 2012-1 KD 50 miF LI R LD L S TH S,
2) LFREROITHRICE S,
3)  FRBHEROCERICE B,
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DB, mEMDEDBEIED E,
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8 5% (Fig. 33 - 4) MR INIZEDOPTIIRAMIETH 5, M FAMGET, FHIEHIEEZ 2 LSS
RRVIVIAENT VS, BES4m, IRIERAHRT 1.6 m, JKEOMEZ 18 ~22° THRIFEHEBNRAICKD,
BERIEENT IS D BV EREIC K< o

8 BETITEYMIINONIIREETH Lz WD, &=, M, #, &, BEEHADD, ELMNZV, KB, ¥
B LTHOOSNTZREDINEBICSCFZ AN ATZE DD EREN TV S

5 5% (Fig. 33-5) &l PG T, BABETD 5 BERGHRD méhfwé W TT U E 8 BEFMKED, 2E
4.4 m, BEIERAET 144 mE 8 XD EONI W, BFEBOIEIX 0.8 ~ 1 miitk&EZ SN, BREEDLH
BOIAENZ ZA T TH B, BBEBOBERNKIZIZIY, BESGTRMOMEX 17° LML, FEEHTzoHhR
IS 1 RODMEE G NREINTVWS

PRI e OIix, #H, m,ﬁ,%@ D, BLWHLEE DD, #EICIEPELEZERRICEN 7,
Ellft Aons X5 TH s,

4 FEEIBERGERD B EHESR T DR E Nz, IR W22 M5 T LI TER0nD, 2E 35 ~4m,
BRONIE 1.5 maig O it FROPLE L HEE SN TV S, 535, PEEBREOMIEE 4° LRV,

4 FZENGIIM, B, MAHEEENTED, MOEZEELED S,

(5) #=3 5%

2 2R B [T N TSI IS S 7S %0 3 BEDZEM DR S NTED, 1+ 252 TIRED, 3 52 TIIH
EERMBEL E NIz, 8 IdATHRDE D& E NS 3 BZEIF I T, FHBIEEA RSO, SEEEEkbNT
BY, EFER 46 m, BREEKHET 16 mTHS, IKEOHERNI F/TTIE 20° FiE, E/7TIE40° ERUCKD,
BRBEIIEN. LZ DORBRPRIMAL TIHEICED K5 TH S, BB L EHEIL S D 2 Ak LD R 6N, K%
XATWIEEDEENS (NH - 111 1975),

BERL E NTRFRICIIMER, M8, DD S, REN TV a&HMIEDVES, himbEEmFc2  Aons E
TR T E R,

(6) FEFII =2

e 25 2B OHE T ZNIT IS TES 0 ZEMMEUENEREE N, [ S22 ZOHTE - & &E1ARED BT
Tholz, MG TXT, BOLBPETO—EBIZbNTNT, BWEBOFHFBIEY U2 2T %, ERIFHH
DEIEHN 4.2 m, BIZRATT 1.1 m, KEOMHEFE 29° TH S, Wi & EEEETohIic, K2 A
%1z DOR L TES 7B 18 emlE ED X219 %, BERGES L IANER & ORNICEHE BN H D, BEEIIEN L TE
BICED, ¥z, AVAOKLICKZHENEZFICHONS (HiR - =H 1983), i FXXE& X NDH, Fepkihd
N E TR MBI RAM OIEBDHER S N TV B 728, TOED E Tl FROME TH > ek & RE N3
(A 2010),

BERE LT O TR RIS IR, B, 8k, 1%, &8, 203 5, TEREAVREED 5 8 kIR & 9 i WIBEIC B BN 5,
CHE RO RSN RSN SD, BN E S LKW T E R, BERMIC, i LS & (XA O
TIEVWNIKENES TH S,

(7)  BHHZEEE

BEFHZEMME I IR IR AL R A TRRHTICAZE S %0 2 HOZEMDHER SN TED, SN 1 S2HNE, P FX
Mg e HEE SN, P UEZR Y 5. RITEREADNTE D, 5REFER SmUEEELE Tm), mAAIER 1.5m,
BEREROIE 13 28° TH %, FEREOMRIZIFIZRET, WEHI DT MHMEL TILE EDVS, IRBIHERENT
WA HEEIRORNDENT EE, BHOBRELELAENTVS, FHHICDWT, MEE T 10 i
TAZETRLIEVWEENS (N 1983),

1 SZEMDIEE, B, 2, @I NTOT, #HERVINhE “HOKzZ 2T %,
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BN -

1. BB ASE

bt L !
“l\u
';ilw

AN

W\"}N\Wm l e

-
I -
I

4. TFHWIL8SE

3. \/HBF25E

Fig. 33 Mahc MO UNEEBO% 1 (1 A 1979 2 ~ 5: FbAHH 1980 & 9)

5 FYIL5 58

5m

mds, RIS SN2 REL RS N TV, 34 (A)I11968) F/zid 2 5 (UhH 1992) H0, #
BEESDO IR HAER AL TEN TV, AR EE Sm a0 FAOEVEENZ LHEEL T0D (AR

2010), M, &, &, MoMtrHsSNs (Al 1968),

EIR TG, ETRTRL MR T 2 AR E N TV, | BEIARE 345 m, 1 1.25 m & HIE X
N2 HHBEEII 5N > TOEL (711 1968), SR RIBEMORMRHEN 5 S, HEERICOL
TUE, 1 BN 8 IO KD O IHCIE, 2 B0 8 I PHOBIEER TS (BOK - 4R 2006), 3
TR, R, B SR D, PEILEEIEC IEN S B H S S, ST R 05 5 50
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Fig. 34 HHI O JUNEHBOZE 2 (6:/NH « 31711975 7: Tl « B 1983 8:/1NH 1983 &£ D)

MHERRE N TV D, TTEIRTAELIENT FAZESEE T & 2ROZEMOAEMER SN, HEMEHSMcENT
W5 ORH 1992 - 1996, 11H12008), A EYOME D5 8 il HHEN 5 9 I RIEDFERNEA ENTHD
(T 2008), Zhic ks &, 8 HAEREND 9 HAlFTEICIIEMENZ < Hoh, Wi LEENEE & LR 2
29 %,

IL 1.3 ZEREOHED

DUE, AR BAFTH O KD LA £ B 2 DN S ZEREOIRI 2 R T E e, BMEDRZ R KA
YheUT, #rhA e IR, B, S 2 WIBBRBEER DR D AR, BERED B IABEERN DL B, A
BEESDMAZE, BERESOMIR, ZREOFEE, MHENDLD B0, SHEOEHE, AT A DKL OFEER EDET
bN%. &, TSN RDS S, RIFEOGHE, RIS I OFLOIS, RN O #Hisc T
BIH, MIEOZHLZED LT, HEtL7cDW Table 3 TH 2, MHEILEEZEDIFOZE FIADIRIUE X 7D AHT
H5H, BRI THHLTORRHZMA T, &8, MEOZLICOWTIE, Jtilil A i Ea N5 e
BRREN O SERNRTZERS, FEEHZEN/Z &C, E6 T 3 503 N5 THEEB RN QM RIMZEN THERE S N T
W5 (AR 1980,

Table 3 lc KN, TR BIEfENTE &SI (b4 - PFAR 1985, #AM 2003), JtilifzEpiftd 2 idom
FREMR L OBUNNZVWEF A%, LAL, HRENOZNED SR N25MZRET 5 L, im LN
ODRWEFLILTWDE EERX D, EHIC, BRSFENOMOZEL DML HHTE RV LS cBbns, DX,
EIRIR & BRBROZBIC BB XM 2, B D 5 WIZHERA DK D AR, BREEERICERIND 5, il
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Table 3 #2853 & BN S DR
TEA EAFERIES /\V/EH25 TUILSE TYILSES #BEIE EHIS HBHIS HEEK)

BE TR - - T TR FHTK HTRK) FHTX  FHTHH,
2R 7.5m - 54m 44m  46mllE 42mBlE (7m) -
Ex] 1.6m (1.6m) 1.6m 1.44m 1.6m 1.1m 1.5m

RO PRITEE DIKY A H £ (IFE) ) = HEHBLY  HEHW i3 i3 3

BERLERD DIABEER A~ D EEES i ¥ &  |EOsL) i (#%) =) 3

RO ES 5 5 - i i - 1B &S

BERERDAER) —E - - BTa - BTa - —%E
BEREDERAE 30° 20° 15° 18~22° 17° 20~40° 29° 28°

BERDALEE #FUFE - #UE HuFE KA #UFE #FUF

EEADIL EHY - BEiL [Ehod - [Ehod Bi  HIHITHME

XH i3 3 - 3 o) A ) i £
EREOAE H(ZLY A Eo) ? " H(ZW)
RRFEESO2IFLTEE ) "
ZENEOEHILTER ) o) £l
AR EF MEICE FHICH A sl

2 AVt A A il

TNV, IHZETZ2LONZL, LI HTHS,

DLEDT ens, Wm0 EME1E, BARRRZEIHOZN LT 52800, HRE /R AR
HEINS, ARSI, 2EDEA— MV TRAED 1 A— bV & R NGB i FUE ©, P
BB H 2 WIZRBETRICIE 0 IAB DR <, BBERICIHERDN R 5N, KIHAELZ B12DDOHNIES Lok
Rz 9 528 2H#E Lz,

Xk

HIRFIE - HHR 1983 TMEFH2ENRE) ZATHERAR

FRBCHER - SIRRERAT 2006 TR BZERFO FMGT ) TEIRZ dil 35 20 5 EREEYs 77-102 H

Y 2003 MR S & FHOEE~-S ) el - HCERZEIV) BBARYE L AIItE  357-386 H

AIMEARER 1968 Mt 52 H)1EASAS

LARFH 2010 [BHUIKOZEORM  JUMN) ZEZBMIFTe R ThREEEDEREM - HE M ORI & FRali—)  ERith  243-294 K

/NHEHE 1983 TZER - SEHZEM ) MERESUEIFEREE) 526 4 HRRAEERAS

ANEE R 1992 THMIC I 2 -8R ZERA A O BCR—800) ME KRB EDEMICHEE T—) MERENL 3 125 HRE s

37-47T H

ANHE L - W EE 1975 TERZE2EMRdae (BEREE <7 FLZEDM ) | TREREEINTES « F<rih) BERBREEEAES

ZASTERE 1965 [J\ /7220 Thrairsas  Skei] s =

EAMERE 1984 TEEVRIRFOP SIS A O Z& L T OB DOV T I syfbikag) 55 14 4 JUNEUEmisis  187-
204 H

AT - PEARMIt 1985 TEEUE SR iE LSRR TR BEIC B 5 — &% Tsbikag) 5 1548 JUNSsUkfifges  151-
1745

AR 1992 TFRZEMEHRES 11 kHEITAERAS

AR 1996 I IATZERRER S & RG> i HREITEEERAS

ARSSE 1979 DML bk BER A HGS ) TR BACUE o) I ERSUEZERT - I%s g 211-258 EL

PrhveEs 2008 TRAZEBMREIRG & 1) HIFHAERER

PARTE T 2014 TSI LEEZEEEIC B9 2 WFZR IR & 81 TArchaeology from the South I FrHSIA/EASRIRELSRSCE]  HilHH
IR ERIR R FE S 279287 H

FAAEERHR 1980 TREAULAE st HAT A o 7 [ — U FEAR 2800 - BUZED - BRRLARZEME—) REARIRSLIA A A i o 48 &
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IL2 FePsf 2 SCREh 2R o o0k
UNEPNT]

C T TR 2 STRFO A B K CRMREN S/{ S NICERODEZTT 5. ANETELNIERE,
25 K U2 DJELLOFYEAHE - REERE TR O NI LW S i D 2RO ZE T TE 28I &<, dEd -
HREEND, T TAXTRIFIEREZ & LI ZITo T,

IL2.1 %

i IR~ SHB DR Z & &1 3FHC LTz (Fig. 35), @ A FHIZBHAES THZEDE D, 5 Bk
OBRIHNNAZBT 20, & CEIEOFEENY y—TE 2L DEDICHHT ST LHARETH S, LWINd
SO S IVEMBICNIT CTERIaFTTHETFENTEY, ZHOBZE D, iz, HARMMNMIE L TWEER
LSEARN

RO & LI, JAAOTHEMGEM & & 2 5 N5 ZIHEN (B  2012) OBRZ S LICRB2E Lzw,
T T TR ZE R O LI ATE I 2 8B 2 LD BUIF 72D, @8 A - CHICB U CIITEREZ 180 T X 2 8RN
o feted, SGHOBBIEIMTIIR Licwv, & B IZZE#ENE 8 sAh S+ LT\na (Fig. 37), M FEALLT
WERIBOTZD AN, K OB E CEARNIC IS A%, BEEEeMNEsAZEH, HEMIIIE5N %,
T~ TTEEBIC DT TR B M L TH D, 2 A BED TV S FHNC E R LI, 5 Vi 2 KRETIE,
BIcHZ £ DERNHEREIN TV S (Fig.15-34), &SI EEEROPICEEF LRI TVWS (Fig
7-14), TNHOH « {iIF Lo el & [TFEIPRE, PR, WATERER & OMHBITEIC DWW TR S OBE L
L7zun,

.22 #

L i LAk, DE2RT 2 ERIED > /e, MR~ OIRZ & I LT, 2 A BUSTHARAD
KT ZEDTHY, HEHIPRICKDMOMNIRETH S, HALFE, TEHBZABETHZEL0D, A2
FEOEMATESRE 0, #ASFHIERD M FRICIETED

L%, MBHUIWLINE “HI 122 5EDTHD, % AFIF,
FIFETEREIC X D M W ATRETH %
PR 2 SZRECIE, REDIHIMFPEMA AL THD, Kt

DEFEZIT> TV ERE S NS D, B~ TIESIE L LT,
Z0D7®, ERSENECUL 2 Y 2 —fngOER 2 LI, K%
DIEZITO e, TTTIE, KRE2EBFLEL, WINE HI T
TS, UEMEREZ & LI DIl LTRGH, #B1 ks

N BON AT E B DED (HBLED, WML, L (

HFAE HEBHE FCHE

EAE EA2HE EAIE

EB14E #EB2SE

Fig. 35 #0D5H (S=1/3) Fig. 36 D5kl (S=1/3)
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S Vi 2 SCREH EAUEAR OB

ZR#E8S (@)

ZR#8S (@)

WENEBIR (2012) K0 5IH
ZB1 A

Fig. 37 Fi P4 2 XhF & Bd S 55 - 2

M FHZAE O (B2 HD ICHIDATRETH %,

DUED D ERIRZ & LI, HEITRIEMETL T E 2 BRI 2R Lc, AL BUSZFUEMMUFE L O LT
W5 ML MERIEDTZH AN TH %, WIFELOMSCE TH, S 72 2F 00 615, WIIICDWT
FEOHSCY TRETHRIZRIC, 7T TWa, A2 FIZFETE 8 S bt L Twa, EED—HKIHL
TWENEFTIRTH D, ERBIZDDATE LTI TR ERIRICIE 5 &, WEIEFOMSCY TE, SHEIETPT X
AFTHIEEND, BESOSIIHBICNTTE, 12 2F06I3aFTFTH EFENS, #A3HE ZEE 8
SHENSIHELTWa, #A2 FAR, KX ETRTHMNEZ 29 %, WHIEFL.LMSCY TR, SHmid T2 2
FTORIEENDD, BEIE T2 2FRICTIFTEMENE,

FB1 X ZIEY 8 SN SHEL TV, EKIIUKICIIE SN, KNEZ 2T 20000 HND %,
MRAERLA BTG TR, B S IFELOMSCE TR, SIS 1 H X ZFTRIEE N0, i FHE8 & i L
DR ZFIRHOKENRE D720, ZZFROMMZZZ TOLAREENEZ 5NS, SRS TATZ 2+
T EFSN, NEEIaF T T 5 N5, 2 B2 FUIMFBLL R RED 7o, RBIZETTTE RV, Wil
FLOASCETH, ST 2 2 FTHIEE N, SEICIRIBCRIEA M E N %, C ORRTERZ & DERHE A
IR CIIBIED & CAMERRE N TWARNTS, D) 5O A DA EE X BN 5,
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Fie Va2 SCREN L ATER OB

I.2.3 ¥&&

DUk, 5PE 2 S el L LR ZHubIC, THE-ORMH? S ED X 5 HIEREORGDNEEES T izhii
E LT, ZTORME, AHTEES NG, 7 EO2HEMUEENTVWE I EMHENEE ST, EHIC
FIfxASTERE TRl L 72/ R, I DV TIR 3HARES N TV EAHEIIES N, SHROBRMEINT 5 2 &ic
K0, BEHOLEMIVEMPES OB MIEND LEX D, £z, EOWTUITHMORENPRIZE (A KD,
THE[Ofxe B9 A MR E N, AR 3, BEI 2 HEICHIN T 2 EAFRETH > e, Ko
&, KUEZIARE VWS AR RT TARSBFRGRICLEVWDR LN L b, SBROBERENZRD, hiEH
EARZEME O SRR 2 IR L CO S RED D B2 5 5

32k
BIPHRER 2012 MZJEtEsh 3. BN BN EBOU b 2 — s dm s & (170) R BRTHBCUif 2> 2 —
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I AR

L 1 HhiEIEE 2L RO S 242 L TOBIC B9 % HAARHAMIZEIC OV T
B~V 7, syire s, kT

L 1.1 &EHIc

EHAINLREORTHBRHC BV TH S LWV 5, BB V-7, WHEERGTT 3 ET,
EhE  ARREOLAMREIATIRTH 5, Lrd, WEZIEL BT 2800720 A IRRER T D
HEHS>TVD, EHIC, L#8 - IO R RV, GHRNEREN TRIET 2 MEROHHTH 2, &
55 A, BIROBZRIE, EhHATHRNRE T2 EINSEANZENL H LD, EHEEPHARREENKD
LTENTERWVEGZ, LThh, A Tdhh, ZEThh, MERKIEVEMTEIHELZ,

ATTY 17 N OEIRREEIBIZHC OV TIE T — 1y ) SOBIZEE N EI T 728, DN ORI XD L B0
THb. LIROFI AT E LS E RO r 11 & R Y KFOFYE - HA25HT (Steinmann-Institut)
DRy TNY 7 —KBIUTA MW, FHIFHETH L URz2ERE O ?) DMt &Y > 7V IR Y iliiED
ik - FEL AR (LVR Landesmuseum Bonn) DRfE - BIEEMATED 7 = 75— hK, /WU BT IR, Nvwi—
LGS, PERUIAE D 7e D DHEF ML HTIE Y o« — 2 TRRFAD Y 2 7)Y Uz, 28 (BREBRE R
DHHRICIE, PEZESE LTORERZE S DD - 7z,

T4 PRERY TN T =R, FAYEEZHEAD IR THEL L 7RIS L2 OREN D D
(Briiggler, M. & R Hoffbauer 2003, Hoffbauer 2002, Raith et. al 2013 7% &), kv 7/\T 7 —KE LI, LS
DO HERHRO T2 D i 217> =% % (Hoffbauer & Shinoto 2000, Bk & K v 7377 — 2000), KAV D
A YTRPHZEDORWERZR OIS L, YR CIEBEZRIROBMREY 2 K <> TWwd, HEFREHE
SN FERIRIED L UCES LTI AETH D, FHETZ OB TERML, Vs — Y TR
T 20 FELL BRI D IR D B0 > 2 7 VARG E < OEFRAHE R W0 R E 248 LT &7 (Sterba
2015 CEkZEBIR) Y, HARTOMZUISEDID T TH 5. HMEKIGEBOIOTICFEL L, Fiz, /EDE
DEEDLEDL D ORFEND %,

T /N, ERRIPEEORGET (B4 7L 2015, Sterba 2015, Raith & Hoffbauer 2015, Becker, Hartke & Knip-
prath 2015) &BFHEZKOBE PFIERAERIC DOV THMEZN L, TOMRDE L ANERICED K S HLEKZ
DIMEVSBETZHINE LT W%, FHTHIAMN T ORI, B 730 7 — L 1§k L OHRICED LD TH
20, KD HAREERIC BN TH X DICE ML LGP HEEVDH 2 LTS, BEOETETH 2,

L 1.2 WEEOHE T
(1) HWMERE

SEOWZEHE IS, EERTERED, TuY /7 bRAROFHEICE U TOARR AN 2R3 L,
FEROBIZRIC BN T, K OEYEIHTERY » TV ZRG T 5 L ThoTce £5HA, TORBEOIHT
b, LpEPTEICEI Y AR Z R LT,

WHgEEr & LT, 1980 FRICHTo 72U X)b-R 17 (Lidar Hoyiik) JEBFO I ZAYFH 2 2 fiiiic L7z (Klenk
1987), COFEDRFEIIRDED TH %, (1) EHAENRE LT, EHOxt T )V—T LSO T —
TOLEENDHD, (2) WEPEHEDEIO 2N, MRATRERY > 7Lz L, (3) JREEPTFD ZITIWVED
YU TNNH 5, Lrd, (4) HENGERE BE) Ly, L, ZBORENEY ENIICE > T, (@ o
TEREIRD LEROFE EOKBZFAL, (b) 2ZEOMFRZEHSMCL, (o) fEHEEIROFRZMRIAL, (D)
BERICDWTI U7z, T OWFZRIEBEC, 6] UBEEEH IS Ot R RO L8R O ZEIc %32 > 7z (Hoffbauer &
Shinoto 2000, &% & v 737 77— 2000) W, AWFEOEBIROAHE LY Z)V- R 7 - TN DT,
X0 EYIREIC RS EEZ D,

58



P LR O A S A L DI I B AR DL T

Table 4 WIEWIRIhOY > TNy —X
=X AEERKE Ho7IL0kEE - Bl
A KIEFIOFELBEYPRE SR EMAT 2H0EERL TIE ) EHEEICHES MHEkU
BRI DR A AT BT DERLS, BEICK BEEARDBVEMRET 3cHDt

B/C  RIEATICHIDEND S UNE

EmEs
D IR HERRNMEBENTEY) | £ TOREENDHDZEDY > T
E RIDBEHH SUNE LFcLEER BRICE DEERRDEVZRIAYT 5 cHDL AR
F B LHEIBTE - BIBEZMHET 2HDEDT T IV
R SEch - 7% WEFHWREEDHDL, BEAGEDY VTV MEOEE, PELBEDOEERROME
FRMEBEDIEE
Table 5 ¥ > 7)VRERIOE 38 & I
Pyl DAY SRR EE - ol
‘AEge ‘ABdR Sue ware ERBOWS, BNOPRENL S LARICEVERDLDDLS, FBICHWEE THRRE
NEBEEDLDZEE
£ = Kiln ZENomE LTIV
E Kiln? BBRETIEEVD, BRES - XY - BLEDNRI SRD—ETHBEH5ND YV TIL
2 (RA) Kiln (inside) ZORAL SHE LYY TV, BYDIHNELC > TWBEREIMEND, DRI
BEICRIDLZER LAt LH 2
£ (5M) Kiln (outside) ZOIMADSHE LTeT > IV, BYDEMNELC > TWAHEREEDBV, HliziEs L
fetLER D DY, IERIEERICAR Y (1) e £ D—ENIHIRI TELLY,
k] k] Soil WD OERE LTe, ERFENERROMEUCHEY 5B LHE LIt BEY VTV
=] Soil (clayish) REO L YTFOOHE LTe, BEEPEUNSETCETHREEICERTEZSRLOD
#ht i Clay MEROSMEL, SEREE N, RAMBLEER SO
it () Clay (glaze) BERO LA SEREE N, RAMBRERERS DIHE
fmad:lil T EmER Haji ware zggﬁﬁﬁiﬁﬂ%@iﬁﬁﬁm‘B&i LTetimgs | ERENEIIAERS S BT 5RJ8EE

[ ]) aiv uk - 5 A1 v k5 Narikawa Pottery TERROR CHiOME 185, SEIDHE TIENH L TLELD, RELBROAIN G,
fefedble, HBDHUFIDRED T — 2% FEH

Table 6 > 7 V3RO EH & HEHR

XA G\l BEEEER ot

FEAEHX Excavation FIBHIR, A HbsS D BERE

P Site FELBEOSE, HE

BstiE Region EEPFORIMIE (FEDFE™, AiE®)

ex Region LU E Do o his
i HERSUE  Ryukydlslands HRERFIE (BiER%)
] Kansai W HRIGESEFRF DR, HELY
HE Other Regions B THE L1, DifIEERET

A7aYzy bTlE, HEWFHEZASINCTT S ENTE Ao 7D, FEPIC, SEMHEEDOR Y 71307 —IK
DB EGDE 22 & — BB OHIPIR A2 H <, LoV > VI LTz (Fig. 38). SEPI#HI5H1E 30
FERNCHERTHEATVS D, EAREED S TRV EE> TRV, VR - A7 OEAER, {etho 13k & ko
LA HE XM (XRF) 1K > TXBITEM, A7Vl b TRACRMOMEZERT ZDIC, BUR
OFERIFIEFTZCAE 5 kT REHE D 2 VW e DUNICEHIIT 2 K 90, Wit Ea i X - Gl o 7
W—TETEDDHBDT, XRFICIA THMEITEE EMICHIE TZ 2P FigHES A2 I6H L iz 5
T, ZORHIIIZEE LT, 2000 FRICTT > 7o R VAU D ZEBBE O H T 51 % (Schwedt & Mommsen
2004),

FEROGE L) Z)V - RA 7 OEER, ZOMEEMRISENDD D, A0V 7 MW TXDEYIRY
ERET LA, SYEIIRIC B TRER B LOEN T & 1,
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(2) o7

YU TICET 2R AT TS 7 Mcfli> 72 JGEEOMREIX Table 4, 5, 6 IR EHBDTH %,

YT IVOREM (Table 5) & U T3, 181, ML, ZUERR, LHigR, 2805 %, T 1L 3 FICEBINTHED 72,
JUEBRRZEOMEI L LT 2 e EA T L TH B, Tt IFFEEROEMO BRI TR U Tz, HEDARICE S,
BWZHOLTHEH, THEDEZRE LTEAEY Y TIVTH %, Ky T80 7 —I 35 & 15 ath )y
DEBEFRE LD, ThHEOY Y TIVO—EHREEEANPTH %, HEILEEEDHEROMEDFITHEIDT L
MR T E %,

[LARER) (X HREOEE L3R & U THE L 2ER O I & 2 8B DUEE LTz, LEfigRZ ikt g & Uz i
W =DH %, FHdHEEE L R TROPERIRE TH B 128, MTDERISEL, EEOR B A HEE T % DI
BThiHT L e, HIC, TEigREAET B N4L EEREAET BN DI, MEICE U T O
HoleMEWVIRERIZIERT 57D TH B, TNEDIRRDIZDITIE, TRHgEE HELRICHW 222 [FERICTT S
RENRH B, UL, SEEERFCE LT, #@AcEI S amETo > 7V @il 2015) & ik v
b7z D> )V (Sterba 2015) L7450, EEMNEMEREULMESNED oz, LRIEHCEE L TO XRF 774711
ToTWAERVDT, Y OWE oM & LTS, R H 5 uEEu o iR o128 & H
fizL7z (Fig. 54),

AR AR b T 2RERL ZRIAS 2 7 DICED I T, S ERI DT D2 T & TG HE T,
WS EtT ot =T &, W EHE AN ZIT o 1 TV —ThB %o T EHE D H 2 IR E DTz 8 72
JONEE UTEZNUE, 20 T 32U PEEER O (EAEEL #2155 7dic, Bkt HEERE O
BB T2 DZHMHT 272DICHT %, LM LEENE, Wi LEEZEBHNIC & G5O 7 I)V—T W ELD
DHZHDOT, (1) BPFOEROIERERDOFT T L (2) ZDTNV—TDRNZERT 208 H %, Frc (2)
OEEE, HPEFREHEDHT & SEYIEAN AT AR FE SIS Ls Mg oid, Fig. 57b OFSRM 5 & FRfiFE
TZE%,

ETOY Y TIIET ) —ZXA~F, RIZHDITHO (Table 4), DTV —RdHHERE, WIZ6HE HICX
DRERENT VS, T2 T IVIEE & FHEF T ST o 720, IR LY > TVl O UEZ b % T
EDRH oIS TH B, IOV > TV TV ) —2X A, B, ClicYiz%,

ATV —=RETRPE 1 - 2B R CZDEADH BNV CHRE LM TH 2 DT, HFHILREZERE D
PERIHEORMZRER Y & U THET IR A 5, HDIREERTH SN, Zo—felbhssDk, Fili¥
BEOMROWREME L B Te Y U TNV e H %, SIOZEEICET 28 A HIE DY) — XI5 N5, [T
) —RF, FRHSHPETREHE A &3 L 72D, Y2 TIVOhmTikRE ZANESHMIbhlztD k-
TW5, YU—XB & COERIFERIEH T FEIRTH O, PETHREHEOHT DA EIT> T2, T 5 DOFEEE,
B i L PE O RIS R S N2 S Glliift: 2008) it & DT, SREIOMEMEE T, hELEEYNCS
I BAEEESA RV EHEE SN, YU MR EIN Tz, YU — X Bld BIciliR 7z, M E 0 1O 1 ffigs & &
BT, FEREDS, SR> TOR,

FPH L7z > s ) — XD & FICY2% 0, FIZZEOEE (KH?) O—fMOATH B, HOME
WEZEETIZRL, LA URY Y T IVIGZEORRE UK RO T, TOY Y FIVIEKIFOEDH, Hlifo

BEA, MR DR 75 & BRI 7207 1 I Tl

Table 7 Ja -5 L —F BV, YUV E LR LI 12282 (kiln wall)
JIV—T BH EREATNG D, ETOEBMMNMIFRHATH S L
f e TaTE VS T EEENTRELEV,. FOY Y7L
lia BEAB OB DD, BEREEER } LEOEMEND S HI T L, 228D 5 225 DI
Bty CREREDERIER e e Tl L TR L TUB, KO
B7 RO EFAIAY SR ORI O b DR TR > T VT

%o TOX S RO ORI
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DWTREELRMEM TH - 2h, SENERY OHEYfE (LVR Landesmuseum Bonn) &0, &0 dH 2 I fEiHk
L WP U & TOZERENS X IV IV 2 72 Ok D, i Uiz > 7 Ve R KOS
GEATIC D Ulze F U —X0Y >V T)VIEfA S NIzl > v S e, WikiidEh s E0niizit > TiE
Thb, £z, ZTOMPICEK > TFEROWFUCTIRI LY > VA L Wi Tk 2RET 5 TETH %,

DL EFHRA U 7= W 2aat ORI e ac i, F i 2EhBHCiERIc K> THOBI Lz L8 7V — T OfEE &
U CKFREE 2RI Uz, [A—280REIE L 2UEARE, @H, —DOM—MGRLE7IV—TL LTEIDBEDN,
SaNEE L EENNIRBIZIC K T, DNONRICIZ S TV —T 7% E L THIz (Table 7)o LUNTHHT %45,
SHORER, TOTIV—TEdBBXZ, PERUREPPEBIARZ KL TWa T eI L7, LL, HPEFidH
L OfEHR e UTHHIERIE L7V —THRNC TEDDH 2 DT, AEBOKR LA FHZ R L T3wiane b
N5,

(3) hr

ST /515E Table 8 ICHEFEDF I > e HFEZ EZH THHL TWa, L My e REHE ST LA,
TV AN DEARNZTTETH O, Hi¥) AL Z a2 TH 5,

¥ 2 7)WN (Sterba 2015) MWVEHIT % K 51, HPEFBEHMEIHTIE 1950 FRM 5 HIFE L T E 725 B AIC
BOLHET, WEOLENRERZIFFIS/NE 729 > 70 (100
~ 200 mg, Fig. 39) ZHi> THEICHIETZ %, FRFICHIETZ
ZHICENIEFICZ L, FHOEMDORZ R T OICHENEMETTED
HIEICHEY)R T TH %o MHEDHTED, AT BRI T
HEZHLZDNEDEME VWA %, IE LB, ~NT /X
FREEICES D W TRt 2170, EHID TE2RIERG 213560
% (Mommsen et al. 1988, Beier & Mommsen 1994), HiE{7%%
ED &S 7%, HADOXXOYHEDEMEEIZ, TOEXAHOME
K2, LEROEAE, EMMMR EoFmOt LRI K2k to
ZAEMEEICHE T B DT, SHHEMICE% (Sterba 2009 7% &), Fig, 39 NAA sbnicasizmy > 7 vat (F1EB5))

Table 8 7Hi/iik GGHEID LZDTAHMN

& HEER Fiw(7OT5L) FEOWHR FEELFNFE
L hry X-ray 5-225KV, 50 mA, 1600 - ZOEEDIEE
W
Sl Ciklevayiin Neutron activation analysis - 1LEER, B EMRTEOEREGREERD MEENESL D
(NAA) EBTREH R, BOBEMTHLE LcREILBESBDNS
B SRDEMREE
I X KGO X-ray fluorescence analysis ~ AXIOS, PANalytical tZ EDOENER MEOMEDESE, MROLFER, MROR1L
(XRF) (SuperQ, ProTrace) (XA, HETR) OESVOEE, BNMORKRE, BEBOBLIO
HEDHEIE
X #REIHT X-ray diffraction (XRD) Siemens D5000 (EVA  SL¥IFEUMEAL, 18  SEMIOMEM PRESEEDRILICE D CRARED

v.16.0, DIFFRACplus & (fE&E -JERE) B1R
Bruker-AXS, 2010)

J— b7 x)VEH  Rietveld analysis (TOPASv. 4.2, SRDODEMMER Y XARDHT - XIREHR - SBRICE D<A ER
FRABIEHRAT DIFFRACplus Software C
Suite, Bruker-AXS,
2009)
EBRUTFEFEMESD  Scanning electron VEGATS 5130 LM TR SRS BERLIC & 2R DS RAEEDE(L
#r microscopy (SEM) (TESCAN)
UT BRICED(HR BERRIC & B8 - $EESOZE L, (GRARED
S IEMER T Thin section microscopy - S TEOER - IBR ) AR OB RS B DIER)
FIE
BFRTF 54— Electron Microanalysis JEOL Superprobe 8200 7t&70% (MM
(EPMA) ZH)
BHEELEFEME  Back scattered electron (BSE) JEOL Superprobe 8200 7t&D#H (EAE
bariis microscopy DERFER)
X #RTTRDH< v 74 X-Ray maps JEOL Superprobe 8200 7t&77% (RED
i} JRERE)
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LL, TOZCRREDGEIC, faiORtzdizbd
D TLRORBEDOZLE LTHDLN S, TEFREHE I D% G

12, TS50 %R%E (78 (dilution) W\, ATV 7

7 b OF5EN 1980 FEARUCHIFEE L (Mommsen, Kreuser &
— Weber 1988), T#z0pEIEENZNLIEGT K DERICTE S
X2 Eo Tz, TOHEE L EROFEIFIE DR 5 &

LTEHLTVS,
Flg A0 WESIC & SRRERCHN LRr % b e RIS N A S mﬁﬁiﬁ%‘%’%ci U, bRAENETHEDL

' WL B0 (1) b EBnROIRE (F) S SEPPPERER IR, < )y I AR R EDIED

FRAIE 5 cm BRICE > TE, BEENIHENEX TOBRZRINT 579
WKAHis %, K7y 7 M Lieo#i /i (Table 8)
WEETHAZS AL TENATEEDT, TOHAZEIL, TR ICB O TREZRD iin s,

LY WU AR B L Ui W— NS 51ETH 5. SN T UIREOiE > 7R 2 R > 7o £ &, 288
DL Y NP AREGEITO T, TO%, HIRESRERZ AT 2RI TE ah o7, 7—FROEZE
LTV EWVISBRZEIASMNC LT (Fig. 68). FERINAZERECEIT 5 0H1d, T O LIZIREETOMEZE
N Uiz 570,

HA%IC Table 8 ICHENTWAWAEICHN TV, B2, SiYAE, MM Uic oY > 7L
BTH B, SRHEDIY YT INGETHERCHRT 3 L BbNc W, o HEROMEIE LTHATE %1
At A Ot Ao, L L, ZHOEM & UTOMAMOREEE RS 2dic, EBEIT- 7, SRR
ENTZEBCBEET A E LY F 5 ENDY U TV RN Ui, BIZEROZETS5DDT A ME—AZiED, Hld
£ 800 C<HWVDHRNEE (8D & 1250°CE A HIRE (17 WE) THERL L, UHE=RS, #EINEOIRERE
IKDOWTEIE LTz (Fig 40, F Y2 2 —HKE T, 201541 A 22 H, $HZE0),

IL 1. 3 Mk RO LR
(1) #H

& s AR RAE T B EE O BIC B LDOEATZ TN H O, TN SIFEERROMBLERNSEN T &AL
MOED S &, LEHRERD S E WA 5, SEOLEY Vo, HEEICHE Lo H 2 5 D>
ey, ZhUGEWliEdH -7z, ULhe, MHAEDNIERICRUFT, e RIEEEBRTIED TN 2 %DIHMHETH >
Too WHEBILEEE RO RS HERIRE L b 1150 CEBA 258, WHiE 10%TH 5, FROBEERDN
5 KT DUGEEE N 15% TdH 2 DICLEANT, MAMEDBIEFHICRVWEFZ %,

EEEEBED S T U7z BRligsOR T & OBIRIEE, P FREHEDHTORE, RS 5 LV ->TE, 50
LTAIE-TDEEEDLNIZ, LA L, dlBGEOMG» S AN, BREEEVERDNZDT, K07
IR 2 INA B T LIC Kk > T, ZTOBBRMEOHEEZMIATE 2 LIRFTE %, SHIFETRDM - 2220
&, BRUZEBEOBICHVAENTED, ZOMAMEEEZ % ETEBKGE, MAMEOMOEZ SR L C2Ex
VEBIGZ A TEIME S5 NG, SEDOFI TN D B 0END 5,

TFREEROER, ZOMEMAOL, ZOHB LT 5E, £TEBREZRTN, 8 &8 IIYI AT 2 DI,
T REHE AT TIRBEIGRE RE AV, LAL, EESBOMPICE RZEGROZNT IV —T LN L TW2Yhd %
DT, TOHFEHIELOROY Y TV &SIt ud, TOMGREEZERTE 2 EIFTE S,

FFEABROERIIF CRMOM T TH->TH, 1EH BHh LR Lz, EMEENE 574G EDOFE TR L 720,
SDETAFRTER, FERINTH O B E 2 W0 TRESEIM I UL, EEEREFEICE L To
PR DFERZ W TE %,
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(2) MO0

HERRE T, MToWUEEFIVEZTENEY, LAL—ATR, MY A X0 Imm £THB DT (Plate
16), FEFWICKZ VKPR EZ2 RS 2 HLNE, TKiEx EDFERIIIT> TRV EHEITE %, £, HE
PFZEREFIC LR THD DR DT, Sz SR TZ2RN LiznlgeEnd %5 (Fig. 58). Fig. 59 @ Fe,04-
TiO, Zdh % kb, LEEREFEHKIDZNT A V2R LEND, FEBEHESOVENEFNICE> TV, &5
Ah, AEBOMENE R R 2 TIESERS D SR L 72 Al REME© H 2 Y, Fig. 60 AT K 91, MRIOERGH
B EHR LD ICX > TR IUET BMETTE Zr NMEBBRICEWHETEO 5NBDT, KiLERIESTOE
WD, RO AEDENDPX D KMEN TS LHEEEI NS,

i L OB DWTIE, MEZR 75 A ZRNCHETT 2 FDIERICHEF TH S (Shinoto & Hoffbauer 2000
BE) W, TORMEERERPERTH S, PEFREHEAFHERICH TV, EHESRMR e himo T - 285 L
DALAIFHRR D Z LD R O FIEIC KB E DI LIRET 2 L, 5%, TEHOMLGES B L] R EER
ZITV, FHEEROEMEZIERTE 5 L Bbhd, Tl cRICHED S him IEEEJERNO 7V —T0, at
DUFEDFER E LTI I NIz E I DB T 2 DIC, 57 )V—"T OFVIANE Z A 2 T EMRRETH A 5.

F7z, LR U RS 2 vite th g O aR - LRSS R AN ORI HEE T E UL, YR T AR,
HE LS E DTS LT O L2 BRI CZ A 5MIC SIE EME T 5 T Linl, A ZICHELEICE
ETEAREEBIERTE %,

(3) BERK

JREAIR T ORIRBIR T, TMigHIGEWE DN S, BN IZERKEINIZEDETH N, TNIHYY
BIEED S LAEHITE %, Table 13 I3 E X T RBEREZRLTVEN, TNIEND, AT ALDIKH, #
V) EA R OBEIRN, BHEAODRIGE, GHOBMA L AD
R, LA MRAECRIVOERIZ END D, T AEICD
W Fig. 53 Icik, ¥ >V (L), 2E8E? (), HE
# (F) DZENZTNDHF AL L MOTYOEIEHRL TH
D, HI7AL (EV 7)) OERICEK> TUXRTWVS, [Akf
I, BERIRED LM BICONT, MEOSINZ Eo720,
HLUSIMNTEID 2852 K<HRTELS, T
Y2 IIIE A1 OEEERDIINCIEFE LR WY O F12ER)
RATA S (AL UY) BEoTWiD, 2EREDY > T )
TIEAH T AR OB G N EVIC R RS —71, Al LIS 4a
TOHEBEBOBITIZZ ) AWV (FLA) RSN
1050 C~ 1150 CE CORmMIRERZ Tz WS FHERL
TV, THIgHSOVIRED AL ICBHENE DT, 24, %
DOHOETOWNCIE, —RANCHBDEIRIGELTZD, %
DIRREZZ LR > TWeTER 5N, e 57 THEW AL D
KO HERN TE I L HEE I NG, B HEEDRYIONG
ELTHhTl, BRLickonEUET V=T858, 19
{LDERS, SWHZ NUIBRCREEN KM EN TS 1S T
Ehbho Tz,

MBI T O OBIZTIX, TOX S HERINEER DR
BARS DN D, DF0, @iFICTZ 28D, HET S
HYINE, Wb hic NREB T2 K ICBIRTESDTH
% (Fig. 46 ~ 50, Plate 18 ~20), F 7z, SEM B EA K  Fig.41 9> 7L Lol
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Table 9-1 il Li=v > e i (1)

. | EGHE S WY - Y| 2 ol e - TR
No | FREL | emmw | SOOIz 17505 XRE | XRD | SEM 1205 < 4| By | NaA | AZEK 2 FRARHLA - LI
=7 5 = i DSk Jei
Al |ZHEEER PR Hlﬁiﬁ“)l/—?’ JEH O |0 O O O O |HimELEE FTE 1
A2 |ZUESR | EBRXKIK Hi“d:b")l/—j 1 O | 0O O O O O |himlEg TP 1
A3 |ZEEAR | SEBRKIK ﬂ?iﬁ“)lz—?ﬁ JEH O |0 O O O O Rl FEOTER 1
A4 | ZUESR | EBRKIEK ﬂiﬁib‘w—f 1 O |10 | O O O O O |hiE g 2012-2(Fig. 3)
A5 | ZUEAR | SEBRXKIK ﬂlﬁiﬁ“w—f IEH O |10 | O O O O O Rl FEOTER 1
A6 | ZUERR | EPRKIK ﬁ]:?iff)b—f 2 O |0 O O O O Rl FEE 1
A7 |ZUEER BRI Hﬂﬁifj‘w~7" 1 O | O O O O O |himLEE FEE 1
A8 | ZHEEER | BRI Hﬁai/j‘wwf 2 O |0 O O O O Rl 2012- 3 (Fig. 3)
A9 |ZHIEER BRI Hﬁaj:ﬁ‘wwi 2 (O] O O O O |HhiEbg
A10 |ZHEESR | BRI HI;[aj:?‘Jb~7° 2 O |10 O @] O O |HhiEbLg 2012-2 (Fig. 3)
ALl |ZHEESR | BRI %?L?‘)b~7° B O |10 O O O O O |hiELfE i B
Al2 |ZHIESR | EBRXE %‘?‘L?)b~7° 3 O |10 O O O @] O |HhiE L 2012- 3 (Fig. 3)
A13 |ZHESR | EBRXE HH‘?‘ li?‘1b~7° 2 O |10 O @] @] O |hiE L SR 1
Al4 |ZHEESS | EBRXE }i}E li?‘w—f 3 O |0 @] O O O |hiE L SR T
A15 |ZHIESS | EBRXE %?i—g‘/b—f 1 O |10 O O O O |hiE L SR 1
Al6 |ZHIESR | EBRXE %?i—g‘/b—f 4 [ON®) O O O O |HhiE L 2012- 2 (Fig. 3)
AL7 |ZHEEER | EBRXE H?fg‘/b—f 1 O |10 O O O O |HhiE L ST 1
A18 |ZHIEEER | EBRXE ]fé[j:g/b—f 1 O |10 O O O O |hiElgg 2012- 3 (Fig. 3)
A19 AR BRI lﬂsjﬁ\/b—?’ 3 O | O O O O O | WfELEg 2012- 2 (Fig. 3)
A20 |ZHIEEER | EBRXE %ﬁiﬁ‘/b—j’ 4 O |0 O O O O |l ST 1
A21 |ZHIEEER | EBRXE ?\ﬁ/j:ﬁ‘w—?’ 4 O |0 O O O O |WfEbLE ST 1
A22 |FERR BRI ?\;“;j:ﬁ‘)b—?’ 1 (O Ne) O O O O |WiEbLE 2012- 3 (Fig. 3)
A23 |%E°? JER X S JESH o Ne) O O L S I
A24 |27 TR I Eler ! ol e ©) O L ST 1
A25 |ZE7? SRR I JESH O | O O O R L fiina D!
A26 |ZE7? PR I O D O O HhiE LA FeH |
A27 |13 JEBRIX I #Z\iﬁ O 6 O O O |[himLfg
A28 |11 JERX I JESH O | O O O O |himblE
B27 |ZHEAR bzﬁg)%% (€73 F&ﬁ%kft‘hﬁc i | JEE O it %ﬁ%fﬁﬁj 2010, #HV
pI=t
B28 |ZHfEd  |\BRERYIE (TE | -2 FAML, | FESH O G FrEAR 2010, IV
) gﬁ*mamw M
L5
B29 |ZHEAR Lﬁg&gﬂ%(ﬁé JEH O 5 iﬁ}%@ 2010, NV
L5 JE
B30 |ZiEdR Lﬁ{f@% (1 JEH O 5 %ﬁ%@ 2010, NV
L5 JH
B31 | fﬁfé’%gu% (1 % @2 Bl | IEDH @] 5t ﬁ%@ 2010, BNV
L5 K JE
B32 | Lfilids | JEHE FEAEBERL JENH O O |2 SHBOOB-30 IT—4#%
B33 | hhiligs | Bt bERk JE KR O O [ZK SHBO1D-30 11 —#f
B34 | L:fifigy | JEIHE F{LHERK e K O O |2 %ﬂ;gm-zo bieii
B35 | L:fifigy | JEHIE LK JE KR O O [ZK SHBO1D-30 I —#f
B36 | Lfilids | JEHE AL BERL JENH O O |2 SHBOOB-30 IM—1%
B37 | Lfilids | JEIHE B HERK JEHR O O |2k ?};ggOA-zg JEE
B38 | :filigs | F{ L bERk I KR O O |2k gl;gg 1C-26 jidh
B39 |fligs bl | ER(LBERR i O O |2 2132(7)1(:1}21 Kk
C40 |ZEEdR %ﬁg;ﬁu% (f JESH O LN FIRFED 1995
C41 |ZFEdR %ﬁg;ﬁﬂ% (fi JEH O LN FIRFE D 1995
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Table 9-2 ARl Uizy > Ve B4mir (2)

) LLK o A bl
No | BB | eRb %%%ﬁfb'ﬁﬁigyﬁ— XRF | XRD | SEM EQE?Q @%&% NAA %g% T2 %%w“gmiﬁ'
C42 |ZHEH | HiBkYIE (R 4 O i FEED 1995, No
TE) 285
C4A3 |HEH  |HERYE (R ElS O 5 FEED 1995, No
Eo)) 300
C44 |HEEH  |HERYE (RE ElSE O A FIfEA 1995, No.
E)) 286
C45 |HEE#  |HERYE (5 ElSoE O 1LY FEHIE A 2008, No
M) 117
C46 |ZHIESR | BREREIE G5 4 O PG P HIZA 2008, No.
M) 101
CA7 |HIE# f;ﬁﬁkﬁll%(é 4 @) 1LY ;ﬁsaazgcb\ 2008, No
C48 |z %LIWJ%(* Elox ] O [ANEEE S 715‘2%3&# 2009, No
C49 |ZHE# fg#ﬁu%(: ElEg O i gf*gﬂ%zm\ 2013, No
C50 |ZHEd  |HiERSIE (3 Elap O HiTAH BiEiED 2011, No
L) 255
C51 |HfEds  |HiERYIE (T8 6 O e HIEEC 2013, No.
255) 112
C52 |ZHEd | HiERYIE (B 6 O FRH HEEC 2013, No.
25) 111
D53 |ZHdds | FEfikX 5 ©) L 2014-505
D54 |ZEfEd | FEEkX 5 O L 2014-506
D55 |% FEHX ElEoE @) L 2014-382
D56 |22 (MBI | it X It O L
D57 |2 (UMD | Feditt X ElEoE @) L
R1 j[:tg% Chi | F&dii bt X @) L
E
R2* |H10 FeHX @) L
R3 ig) Chly | et X O O O O |l [CZ-EX - es )
R4 | +HE SRR O gL
R5 |t CHl | Fedit X @) L
+E)
R6* A4 PR @) L
R8* |H10 SERIX S ©) L
RO* | At Chl | it X O L
ER2)
R10* |48 CkG| Fedittnx O L
ER)
RI1 kit JE32 it O PSSR AT Rl
RI12 kit JE 32 s @) - ST R L
RI5* |60 AT O o e (F R
TK73)
FO1 |ZEkE FEft X O AL (X H5 - itk - o>
TIVAiHD
EO1 | L:filfigs | JE/dHieg LK O 218
E02 | Lfiligs  [JEOHiE [ LBER O
E03 | Lfligs  [JEaHis  |ER(EBER O
E04 | Lfiligy [JE0Hbs [EB(LBER O
EO5 | Lfiligs  [JEOHiE BB O
E06 | hhfigs |t |Ee(bbEs O
E07 | Lfligs  [JE30HiE B (LBER O
E08 | Lfiligs  [JEadHis | ER(LBERR O
E09 | Lfilidy  [JEHbs  |Ee(LhEk O
E10 | LAligs  [JEOHiE (SRR O
Ell | hhigs |4 BB bERk O
E12 | hhfigs [l (kbR O ’ﬂﬁim 10

T MY I ADERICK D AT AL DAEZRL TS (Fig. 43 mEin, Fig 44 KD,
COXKIIC, ZEREOIYIENBIS 2175 T LICK > T, ZENOREROT 2B KRTE 2% LRI TE %,

(4) 28

B EL O LY > T IV ORENFEREN 5, FFE 2 AR TR R ENIZEMNE, fif A PEOIROIICHE DA
NTVBEMEEEND D, ZERARPMOZEFHETOX S HEMDOL EIELNTV SN E S W Z25H%DFHHEIC
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Ko TR 208N H 2, Kic, ZEEOL Vb7 VRS OMR, WIRESE TH#HAITE Ao 727 —FIROME
WiERE N (Fig. 66 ~ 68), ZEBEDBUE T2 MRS 2 BUIRZRORIR L o T2,

(5) it

THEHLEPS T OPEHIAEIC DV T, P BEHL i CEE L7z (Fig. 42), TORSE, JIV—T 4 DHHH
L L BRSSO (T8 - B8 HEZEROMA N A>TWE, LM S M LR
PR OWLEHEIN 2R S D TV —T ML CROED DEDMWE S WS B2 RN, ikl z e
FUICK S TR TEB EER B, Kz, JNV—T 513D C FLyFHEFERITOATELEE >TSS, T
NSRKEH B EEZ SN, A0 7 V=TS hinE, 5%, BRI AZH RIS LT
WS 2N D B 125 5, THEIEEEZERREHL L AEERNICE Y V=TI E N RICOVTE, 20T V-7
DENMIZRHK E T2 E 0D, FHROMEE LIz,

SCHK

HHEF—(Z A 2008 [V SR NI L 2R RO AR O IR THASUUIARI A 25 KRR EEE) 286-287.

i L8 2015 MZJEUEER - AR HEM ISR O a2 T LIEEZEIEE O] RS 106-113.

HEEGTE 2013 TrpliEteh) RIITBERER

B~V 7, Ry 7)Y 77— FF5 2k 2000 [EENEIRW N5 EGEBO T3ROS AR TABERRFZL) 12, 91-104.

BHSE AR 2010 1)1 OHIBTBERE S

TEHIEE - Bl fhE 2008 NUHAPEET) SSITAEEAS

TEHER - BiGihE] - S 2009 NLHFEHER) SR EEEER

FIRHPSTE « SLARRER « HEIRTEHER 1995 TRAEUEER M riT8EERER

PPIGh ] - IR - HIKEE 2011 TRGALERS - /I 3osih) SERIEEEE R

Wisthw] - AEE2 - EHER 2013 TRY 75885 - FHEPN SRIEEEA R

=il TEERBE - 5P - LZEE I R Ol i) D seb#sE) 175-176.

Becker, H., G. Hartke & U. Knipprath 2015 Report of the X-ray examinations and sampling of a kiln wall from Nakadake Sanroku.
English summary of the protocol in German from 24 September 2014 by M. Shinoto. M LIEEZEBEEOBIZE) FEVLEK
PO E > 2 —  114-116.

Beier, T. & H. Mommsen 1994 Modified Mahalanobis filters for grouping pottery by chemical composition. Archaeometry, 36-2, 287-
306.

Briggler, M. & R. Hoffbauer 2003 Dem klésterlichen Handel auf der Spur. Bemer- kungen zu archdometrischen Untersuchungen
an Baumaterial aus dem Zisterzienserkloster Hude, Ldkr. Oldenburg. Archédologische Mitteilungen aus
Nordwestdeutschland. 26, 115-122

Hoffbauer, R. & Maria Shinoto 2000 Joint archaeological and mineralogical research on pottery production in Ancient Japan.
Proceedings of the Sixth International Congress on Applied Mineralogy ICAM 2000 / Géttingen / Germany, 2000, 989-
992.

Hoftbauer R. 2002 Anadlisis de radiofluorescencia y de radiodifractometria de céramica de Pailén (Depto. Sta. Cruz, Bolivia). Beitrage
zur Allgemeinen und Vergleichenden Archéologie, 22, 231-233

Klenk, G. B. 1987 Geologisch-Mineralogische Untersuchungen zur Technologie frithbronzezeitlicher Keramik von Lidar Hoytik
(Stidostanatolien). Miinchen, Pfeil.

Mommsen, H., A. Kreuser & J. Weber 1988 A Method for Grouping pottery by chemical composition. Archaeometry, 30-1, 47-57.

Raith, M. et al. 2013 The View from Z afar - An Archaeometric Study of the Aqaba Pottery Complex and its Distribution in the 1st
Millennium CE. Zeitschrift fiir Orient-Archéologie, 6, 320-350

Raith, M. & R. Hoffbauer 2015 Mineralogical research on production and provenance characteristics in the Nakadake Sanroku kiln site
cluster. T LEEZEBMEONITL) FER R ASAMEO L E - > 2 —  75-105.

Schwedt, A. & H. Mommsen 2004 Clay paste mixtures identified by Neutron Activation Analysis in pottery of a Roman workshop in
Bonn, Germany. Journal of Archaeological Science, 31, 1251-1258.

Sterba, J. et al. 2009 The influence of different tempers on the composition of pottery. Journal of Archaeological Science, 36, 1583-
1589.

Sterba, J. 2015 Neutron Activation Analysis of samples from pottery, kilns and soil in Nakadake Sanroku and related sites in South

Japan. TrivE LEEZERMEOMITE) FER B A MEO Lt > 2 —  67-74.

66



III. 2 Neutron Activation Analysis of samples from pottery, kilns
and soil in Nakadake Sanroku and related sites in South

Japan

Johannes H. Sterba

Neutron Activation Analysis

Neutron activation analysis (NAA) is an established radiochemical analytical tool that is routinely
used for the determination of major-, minor- and trace element concentrations in almost any ma-
terial. In NAA, chemical analysis is done by irradiating the sample in the neutron flux of a nuclear
reactor (or similar neutron source). The neutrons interact with the atoms of the sample and pro-
duce radionuclides. After irradiation, the characteristic radiation emitted by the newly produced
radionuclides can be measured and qualitative data on the composition of the sample gained. By
comparison of the sample to an international reference material, quantitative data can be calculat-
ed, resulting in the elemental composition of the sample, often called “chemical fingerprint”.

In most cases, a sample amount of 100-200 mg is sufficient to measure element concentrations
of up to 30 elements. Detection limits are often less than 1 ug/g, thus, use of NAA is highly suited
to the measurement of chemical fingerprints of archaeological material [1-3]. Furthermore, out of
the elements measurable by NAA, especially the trace elements and rare-earth elements that are
geologically significant show very good detection limits. For chemically unmodified material, e.g.
obsidian, pumice or sandstone, provenancing is, if samples from the original outcrops are available,
trivial. Chemical fingerprinting of geological and archaeological material has been performed at the
TRIGA Mk II reactor of the Atominstitut at the Vienna University of Technology for more than two
decades [3-14].

In the case of ceramics, the chemistry of the original raw material is usually altered for techno-
logical reasons by tempering, levigation and firing. Thus, a direct comparison of the finished sherd
to the original clay bed is usually not possible. In most cases, tempering or levigation leads to a
constant in- or decrease for all trace elements, commonly described as a dilution [15]. For this spe-
cial case, a statistical measure was developed that, recognizing a potential dilution and taking into
account measurement errors can iteratively calculate the best relative fit of two samples [16, 17].

Applying the statistical methods described above to the raw data from NAA makes it possible to
determine a distance measure between two samples that is directly related to their similarity. To
find groups of chemically related sherds in the data, the distance between all samples is calculated.
From this first step, all samples that have sufficiently small distances are grouped together into one
group. For this group, a mean composition and mean group spread can be calculated. Starting from
this, all remaining samples are compared against the mean composition of the group and, if the dis-
tance is sufficiently small, are added. With the new samples, a new mean composition is calculated
and the process is repeated until no more new samples can be found.

This iterative process leads to groups of chemically similar sherds that can then be interpreted
by archaeologists to gain information on production processes, origin of the samples, changes in
recipes over time and trading routes.

Samples

In the course of this preliminary work, 60 samples have been analyzed and grouped as described
above. The samples originate either from the area around Nakadake Sanroku in Kagoshima prefec-
ture or from the Rytikyt Islands. 42 samples are Sue ware and 8 are Earthenware. The remaining
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Neutron Activation Analysis

Table 11: Group means and errors for Groups 01 - 06. All values are in ug/g.

Group01 Group02 Group03 Group04 Group05 Group06
Na 9602 +/- 840 10178 +/-1130 11787 +/-916 11911+/-827 8788 +/-069 6146 +/- 182
K 22427 +/-1694 22201 +/-760 22614 +/-1564 22781 +/-1543 19782 +/-1205 24000 +/- 742
Sc 14,83 +/-0,31 13,40 +/-0,09 11,57 +/-0,13 13,60 +/- 0,08 15,14 +/-0,06 10,77 +/- 0,08
Cr 65,43 +/-1,70 49,19+/-1,20 51,76 +/-1,22 58,88+/-1,57 51,51+/-0,23 67,51 +/-0,18
Fe 21550 +/- 724 17451+/- 618 18135+/-933 22999 +/- 617 19507 +/- 326 22075 +/- 1343
Co 10,71+/- 0,48  7,21+/-0,65 8,93 +/-0,30 13,37+/-1,06 5,62+/-0,04  5,25+/-0,20
Ni 21,37 +/-1,40 16,59 +/-2,19 14,93 +/-1,21 19,89+/-1,29 12,14+/-1,28 16,19+/-1,36
Zn 71,3 +/-5,9 58,1 +/-2,0 52,2+/-2,6 67,5 +/-3,2 61,2+/-2,2 79,0 +/- 3,3
As 2,62+/-1,09 233+/-0,68 2,07+/-1,10 1,79+/-0,72  1,08+/-0,07  2,34+/-0,28
Rb 111 +/- 002 115 +/- 002 114 +/- 001 117 +/- 002 119 +/- 003 150 +/- 001
Sr 75 +/- 022 97 +/- 028 120 +/- 035 96 +/- 019 68 +/- 008 NA
zr 153 +/- 008 173 +/- 014 144 +/- 012 196 +/- 034 200 +/- 019 193 +/- 018
Sb 0,86 +/-0,04  0,60+/-0,03 0,77+/-0,03 0,86+/-0,05 0,58+/-0,01 1,22+/-0,06
Cs 7,10 +/-0,49  7,24+/-0,56  5,81+/-0,18  6,45+/-0,09  9,44+/-0,01 9,20 +/- 0,05
Ba 634 +/- 42 580 +/- 20 622 +/-15 641 +/- 47 599 +/- 191 510 +/- 13
La 455+/-1,7 34,7 +/-0,3 435+/-1,1 50,6 +/- 0,9 30,4 +/- 0,6 38,2+/-0,7
Ce 92,6 +/- 4,4 67,0 +/-1,8 79,4 +/-1,0 93,2+/-2,8 53,3+/-1,4 62,3 +/-2,5
Nd 36,7 +/- 4,2 26,8 +/- 6,5 35,3+/-5,7 38,5+/-4,4 21,4+/-1,4 29,2 +/-0,7
Sm 6,34+/-0,20 540+/-0,11  6,17+/-0,16  7,49+/-0,19  4,71+/-0,12  551+/-0,25
Eu 1,50 +/-0,06  1,25+/-0,04 1,45+/-0,05 1,76+/-0,03  0,93+/-0,02 1,20 +/- 0,02
Tb 0,78 +/-0,04  0,72+/-0,02  0,80+/-0,02 0,95+/-0,03 0,56+/-0,04 0,65+/-0,01
Yb 2,48 +/-0,00  2,39+/-0,04  2,28+/-0,06 2,73+/-0,13  2,08+/-0,05 2,19 +/- 0,06
Lu 0,35+/-0,02  0,35+/-0,02 0,30+/-0,07 0,39+/-0,04 0,39+/-0,00 0,38 +/-0,02
Hf 505+/-0,31  553+/-0,10 4,62+/-0,22 529+/-0,38 6,83+/-0,80  5,51+/-0,03
Ta 0,96 +/-0,04 0,89+/-0,04 0,80+/-0,02 0,89+/-0,02 1,08+/-0,09 0,84 +/-0,02
w 1,81+/-0,30  1,72+/-0,24  1,48+/-0,26  1,64+/-0,64 1,98+/-032 2,68 +/-0,18
Th 14,80 +/- 0,21 11,95+/-0,23 11,54+/-0,25 13,43+/-0,23 13,02+/-0,02 10,59 +/- 0,23
U 2,87+/-0,11  2,66+/-0,08 2,45+/-0,10  3,03+/-0,31  3,64+/-0,01 2,98+/-0,13

samples are either soil which is thought to be close to the raw clay that was used for Sue ware pro-
duction (2 samples) or remainders of kiln walls (8 samples). The sample IDs and their respective
groups can be found in Table 10.

Results

Following the procedure described above, the samples analyzed were grouped into six chemical
groups, as can be seen in Table 11. Group 01 consists of 7 samples, group 02 of 5, group 03 of 3, group
04 of 6 samples and group 05 and 06 of 2 samples each. The remaining 35 samples can, as of yet, not
be reliably grouped by NAA alone and are called chemical loners.

For the six chemical groups, the group mean and error can be found in Table 11.

Conclusion

Since the iterative process described above results in a dilution corrected, measurement error-nor-
malized Mahalanobis distance [16], the distances between each individual sample can be used to
plot a dendrogram, as can be seen in Figure 42. While the dendrogram shows distances between
samples of up to 30, it has to be noted that only distances of less than 2 (see cutoff line) are statis-
tically significant. Thus, any overly enthusiastic interpretation of further relationships in the dia-
gram has to be very carefully evaluated.

The most interesting chemical grouping as of now is most probably found in group 04 where Sue
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ware samples from both areas under investigation (Nakadake Sanroku and the Rytkyt Islands) can
be grouped together. The large amount of chemical loners can be expected from a small sample size
as in this preliminary project. To clearly define a group and separate it from others, at least 15 or 20
samples of a potential group should be analyzed. Thus it can be expected that, once more samples
are analyzed, many of the chemical loners will be grouped together to other, yet unknown groups.
Once a group is established, new, individual samples can be identified by NAA as members of this

group.
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Table 12: Raw NAA data for all samples in ug/g. BDL refers too values below detection limit.

A01 A02 A03 A04 A05 A06 A07 A08 A09 A10
Na 7690 +/- 81 9790 +/- 100 9920 +/- 100 8980 +/- 94 10600 +/- 110 9750 +/- 100 9490 +/- 100 9930 +/- 100 11600 +/- 120 9670 +/- 100
K 19500 +/- 880 23200 +/-950 19600 +/- 1000 21800 +/- 920 20800 +/-500 23200 +/-1000 21800 +/-510 22600 +/- 1100 20400 +/- 510 23700 +/- 670
Sc 14,9 +/- 0,29 14,7 +/- 0,29 12,5 +/- 0,24 15,1 +/-0,29 12,9 +/-0,25 13,6 +/- 0,27 15,7 +/- 0,30 13,8 +/- 0,27 12,8 +/- 0,25 13,5 +/- 0,26
Cr 67,6 +/-1,9 64,3+/-1,1 62,8+/-2,8 67,9 +/-1,1 61,2+/-1,8 48,6 +/- 0,8 66,5+/-2,2 50,0 +/- 0,9 48,4 +/- 0,8 50,5+/-1,5
Fe 20400 +/-170  22100+/-180 21000 +/- 170 21100 +/- 170 23000 +/- 190 17100 +/- 140 22800 +/- 180 17800 +/- 150 16300 +/- 130 18100 +/- 150
Co 8,14+/-0,13  10,50+/-0,13 10,70 +/-0,15 10,70 +/- 0,15 13,10 +/- 0,18 8,00 +/- 0,12 11,20 +/- 0,13 8,06 +/- 0,12 6,23 +/- 0,11 7,44 +/- 0,09
Ni 18,8 +/- 1,4 20,3+/-1,3 22,8+/-1,4 22,9+/-1,2 51,6 +/- 1,4 20,6 +/-1,2 23,2+/-1,4 16,6 +/- 1,1 15,7 +/-1,3 14,7 +/-1,2
Zn 69,3 +/-1,7 71,1+/-1,7 144,0 +/- 3,2 78,9 +/-1,9 67,8 +/-1,7 61,0 +/-1,5 65,9 +/-1,6 60,9 +/-1,5 53,7 +/-1,4 60,9 +/-1,5
As 3,48 +/- 0,15 0,99 +/- 0,07 0,91 +/- 0,07 4,20 +/-0,18 1,48 +/- 0,09 2,75 +/- 0,16 3,00 +/- 0,11 2,95 +/-0,18 1,65 +/- 0,08 2,94 +/- 0,17
Rb 94,8 +/-2,9 110,0 +/- 3,3 86,2 +/-2,6 110,0 +/-3,3 103,0 +/-3,1 115,0 +/-3,5 118,0 +/-3,6 119,0 +/-3,6 109,0 +/- 3,2 120,0 +/-3,6
Sr 56,6 +/- 8,0 87,5+/-8,1  167,0+/-11,0 33,6 +/- 13,0 73,6 +/-7,9 81,1+/-7,7 88,9 +/-8,5 142,0 +/- 32,0 98,5 +/- 87,0 63,9 +/-7,6
Zr 142 +/- 24 154 +/- 15 171+/- 16 144 +/- 14 149 +/- 23 157 +/-15 170 +/- 25 168 +/- 16 176 +/- 25 188 +/- 26
Sb 0,651+/-0,030 0,849 +/- 0,059 0,805 +/-0,053 0,892 +/-0,063 0,897 +/-0,038 0,624 +/- 0,054 0,938 +/- 0,062 0,618 +/- 0,057 0,581 +/-0,053 0,648 +/- 0,029
Cs 566+/-0,150 6,77 +/-0,130 4,76 +/- 0,140 7,20 +/- 0,095 5,49 +/- 0,076 6,98 +/-0,140 8,07 +/- 0,160 7,16 +/- 0,095 7,60 +/- 0,150 6,87 +/- 0,140
Ba 591 +/-37 631+/-34 620 +/- 13 633 +/- 47 602 +/-13 612 +/-35 614 +/- 14 617 +/-13 552 +/-13 581+/-13
La 34,4 +/- 0,41 46,4 +/- 0,53 35,0 +/- 0,41 43,8 +/- 0,51 45,8 +/- 0,53 35,6 +/- 0,42 49,0 +/- 0,56 35,3 +/- 0,42 33,4 +/- 0,40 35,2 +/- 0,42
Ce 74,9 +/- 2,2 91,6 +/- 2,4 68,6 +/-1,8 90,7 +/- 2,4 82,9+/-2,3 67,4+/-1,8 103,0 +/- 2,6 68,6 +/-1,8 64,1+/-1,9 66,3 +/-1,8
Nd 30+/-8 41+/-4 31+/-9 38+/-4 41+/-4 25+/-8 44 +/-10 39 +/-10 23+/-3 21+/-4
Sm 518+/-0,095  6,54+/-0,120 4,87 +/- 0,089 6,03 +/- 0,110 6,47 +/- 0,120 5,65+/-0,100  6,85+/-0,120 5,58 +/- 0,100 4,97 +/- 0,091 5,56 +/- 0,100
Eu 1,23+/-0,034  1,51+/-0,047  1,22+/-0,034 1,38 +/- 0,038 1,52 +/-0,048 1,28 +/- 0,035 1,64 +/- 0,045 1,32 +/- 0,041 1,14 +/- 0,032 1,31+/-0,036
Tb 0,684 +/-0,072  0,815+/-0,020 0,553 +/-0,057 0,696 +/-0,019  0,782+/-0,054  0,745+/-0,031  0,852+/-0,021 0,722 +/-0,019 0,668 +/- 0,018 0,769 +/- 0,020
Yb 2,24 +/- 0,069 2,67 +/- 0,260 2,04 +/- 0,230 2,44 +/- 0,070 2,49 +/- 0,310 2,43 +/- 0,067 2,68 +/- 0,074 2,53 +/- 0,069 2,28 +/- 0,067 2,38 +/- 0,068
Lu 0,319 +/-0,026  0,355+/-0,017 0,323 +/- 0,042 0,383 +/-0,046 0,409 +/-0,017 0,368 +/- 0,034 0,401 +/- 0,015 0,337 +/- 0,025 0,327 +/- 0,042 0,363 +/- 0,046
Hf 4,96+/-0,160  509+/-0,060  558+/-0,110 4,87 +/- 0,058 5,27 +/- 0,062 5,50 +/- 0,064 4,96 +/- 0,059 5,80 +/- 0,110 5,35 +/- 0,120 5,64 +/- 0,110
Ta 0,994 +/-0,027  0,924+/-0,025  0,953+/-0,025 0,979 +/-0,026  0,926+/-0,025  0,885+/-0,029  1,020+/-0,027 0,867 +/- 0,023 0,907 +/- 0,033 0,907 +/- 0,024
w 1,6 +/- 0,1 1,6 +/-0,1 2,1+/-0,2 1,7+/-0,1 1,8+/-2,0 2,0+/-0,5 1,4+/-0,1 1,6+/-0,5 1,9+/-0,1 1,6+/-0,1
Th 15,2 +/- 0,25 14,7 +/- 0,23 13,6 +/- 0,22 14,9 +/- 0,24 13,6 +/- 0,22 12,0 +/- 0,20 15,8 +/- 0,25 12,1 +/- 0,20 11,6 +/- 0,19 12,1+/-0,21
U 2,8+/-0,20 2,8+/-0,20 2,4+/-0,08 3,1+/-0,20 2,6 +/-0,08 2,8 +/-0,20 2,9 +/-0,20 2,7 +/-0,20 2,6 +/- 0,20 2,7 +/-0,20
All A12 A13 Al4 Al5 Al6 A17 A18 A19 A20
Na 8660 +/- 91 12100 +/- 130 9840 +/- 100 11400 +/- 120 10200 +/- 110 11300 +/- 120 10200 +/- 110 9460 +/- 100 11800 +/- 120 12200 +/- 130
K 22600 +/- 990 22100 +/-550 21200 +/- 1100 23300 +/-580 21700 +/- 1200 22300 +/-570 25600 +/-1300 21700 +/- 1300 22200 +/- 1200 23600 +/- 600
Sc 12,1+/-0,24 10,9 +/- 0,21 13,2 +/- 0,26 11,3 +/-0,22 12,9 +/-0,25 12,3 +/-0,24 15,3 +/- 0,30 16,0 +/- 0,31 12,5+/- 0,24 14,6 +/- 0,28
Cr 46,8 +/-1,7 50,0 +/- 0,9 483+/-1,7 50,1+/-2,0 59,3 +/-2,0 55,1+/-0,9 68,0 +/-1,1 69,0 +/- 2,0 55,2 +/-0,9 62,4 +/-2,0
Fe 13200 +/- 110 16100 +/- 130 17900 +/- 150 18200 +/- 150 19700 +/- 160 21200 +/- 170 22100 +/- 180 21300 +/- 170 20200 +/- 160 24700 +/- 200
Co 5,35 +/- 0,07 8,69 +/-0,13 6,38 +/- 0,08 8,88 +/- 0,14 9,94 +/- 0,14 11,70 +/- 0,16 10,30 +/- 0,16 11,20 +/- 0,13 9,19 +/- 0,14 16,40 +/- 0,19
Ni 12,9 +/-1,1 13,0 +/-1,2 15,4 +/-1,2 14,7 +/- 1,4 17,9 +/-1,2 16,2 +/-1,3 21,2+/-1,3 21,7 +/-1,4 17,2+/-1,2 22,4+/-1,3
Zn 47,5+/-1,2 47,0+/-1,3 54,1+/-1,4 51,4+/-1,4 66,7 +/- 1,6 59,8 +/-1,5 69,5+/-1,7 72,0 +/-1,8 58,7+/-1,5 71,0+/-1,7
As 1,77 +/- 0,13 0,79 +/- 0,07 1,43 +/- 0,11 2,94 +/- 0,11 2,73 +/- 0,10 2,35+/-0,10 3,53 +/- 0,13 1,77 +/- 0,12 2,55 +/-0,10 1,22 +/- 0,08
Rb 123,0 +/-3,7 107,0 +/- 3,2 112,0+/-3,4 113,0 +/- 3,4 101,0 +/- 3,1 106,0 +/- 3,2 115,0 +/- 3,5 115,0 +/- 3,5 121,0 +/- 3,6 128,0 +/- 3,8
Sr 89,8+/-7,6 96,4 +/- 8,0 97,2+/-8,5 97,9 +/- 8,3 80,1+/-7,9 102,0 +/- 8,5 93,9 +/- 8,6 92,2 +/-8,8 171,0 +/- 42,0 89,8 +/- 8,4
Zr 163 +/-15 139 +/-13 174 +/- 16 129 +/-13 140 +/- 13 138 +/- 23 157 +/- 15 174 +/- 27 164 +/- 23 195 +/- 26
sb 0,576 +/- 0,026  0,721+/-0,065 0,541 +/-0,042 0,787 +/-0,058 0,703 +/-0,031 0,768 +/- 0,033  0,935+/-0,065 0,890 +/- 0,037 0,785 +/-0,059 0,934 +/- 0,038
Cs 6,26 +/-0,140  544+/-0,120 7,50 +/- 0,099 5,60+/-0,150  5,72+/-0,078 5,85 +/- 0,150 7,65 +/- 0,150 8,01+/- 0,150 6,41 +/- 0,130 7,18 +/- 0,095
Ba 591 +/-13 602 +/-32 540 +/- 40 603 +/- 36 642 +/-38 602 +/-13 668 +/- 20 632+/-14 659 +/- 36 664 +/-15
La 36,4 +/- 0,43 41,2 +/- 0,49 33,8 +/- 0,41 44,1 +/-0,51 39,3 +/- 0,46 46,5 +/- 0,54 49,3 +/-0,57 49,3 +/-0,57 45,2 +/-0,52 54,7 +/- 0,63
Ce 67,9 +/-2,0 74,0 +/- 2,3 68,2 +/-2,0 79,6 +/- 2,2 77,3 +/-2,1 86,1+/-2,4 101,0 +/- 2,7 100,0 +/- 2,7 84,8+/-2,3 106,0 +/- 2,8
Nd 37 +/-10 27 +/-10 26 +/-10 39+/-10 31+/-10 36 +/- 10 36+/-4 38+/-4 40+/-10 33+/-4
Sm 558+/-0,100  583+/-0,110 523 +/-0,096 6,26+/-0,110 5,62 +/-0,100 6,58 +/- 0,120 6,68 +/- 0,120 6,84 +/- 0,120 6,41+/-0,120 8,17 +/- 0,150
Eu 1,32 +/- 0,041 1,34 +/- 0,037 1,18 +/- 0,037 1,50 +/- 0,047 1,39 +/- 0,038 1,59 +/- 0,047 1,61 +/- 0,044 1,59 +/- 0,050 1,52 +/- 0,041 1,89 +/- 0,051
Tb 0,743 +/-0,074 0,736 +/- 0,019 0,703 +/- 0,019 0,818 +/-0,093 0,688 +/-0,057  0,828+/-0,021 0,827 +/- 0,021 0,863 +/- 0,022 0,841+/-0,020 1,050 +/- 0,054
Yb 2,42 +/- 0,400 2,13 +/- 0,063 2,34 +/- 0,260 2,32 +/- 0,066 2,17 +/- 0,064 2,33 +/- 0,068 2,57 +/- 0,340 2,57 +/- 0,072 2,38 +/- 0,066 2,95 +/- 0,077
Lu 0,346 +/- 0,038 0,211+/-0,020 0,363 +/- 0,047 0,335+/-0,039  0,305+/-0,016  0,315+/-0,043 0,348 +/-0,016 0,373 +/- 0,033 0,367 +/-0,044 0,453 +/- 0,043
Hf 528+/-0,110  4,57+/-0,055  534+/-0,110 4,36+/-0,100  5,12+/- 0,061 4,66 +/- 0,110 5,11+/-0,110 5,23 +/- 0,130 4,93 +/- 0,058 5,06 +/- 0,060
Ta 0,818 +/-0,028  0,775+/- 0,021 0,887 +/- 0,024 0,774 +/-0,021 0,897 +/-0,034 0,808 +/-0,032 0,940 +/- 0,025 1,020 +/- 0,027 0,841+/-0,023 0,929 +/- 0,025
w 2,2+/-0,8 1,1+/-0,1 1,4+/-0,1 1,7+/-0,6 2,1+/-0,2 1,9+/-0,2 1,8+/-0,6 2,1+/-0,6 1,6 +/-0,1 2,9+/-1,0
Th 11,2 +/- 0,19 10,9 +/- 0,19 12,0 +/- 0,20 11,2 +/- 0,19 13,3 +/- 0,22 12,1+/-0,21 14,8 +/- 0,24 15,8 +/- 0,26 12,6 +/- 0,20 14,4 +/-0,23
U 2,4+/-0,20 2,4+/-0,20 2,5+/-0,08 2,3+/-0,10 2,6 +/-0,20 2,4+/-0,08 2,9 +/-0,20 3,0 +/- 0,09 2,7 +/-0,20 3,1+/-0,20
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Table 12 (continued)

Neutron Activation Analysis

A21 A22 A23 A24 A25 A26 A27 A28 B27 B28
Na 11400 +/- 120 8940 +/- 96 20300 +/- 210 10200 +/- 110 9790 +/-100  11200+/-120 ~ 12200+/-130 ~ 10700+/-110 11700 +/- 120 6750 +/- 76
K 24500 +/- 610 20800 +/- 560 21700 +/- 610 22300 +/- 1500 22500 +/- 1400 22600 +/- 610 16200 +/-1200 20000 +/- 1500 16100 +/-530 23700 +/- 1700
Sc 13,8 +/- 0,27 14,2 +/- 0,28 9,7 +/-0,19 11,1+/-0,22 11,0 +/-0,21 8,1+/-0,16 8,4+/-0,16 9,0 +/-0,18 15,8 +/- 0,31 14,5 +/- 0,28
Cr 60,3 +/-1,7 62,9 +/-1,1 455+/-0,8 49,5+/-0,9 58,3 +/-1,7 43,2+/-0,8 37,9+/-0,7 42,6 +/-0,7 35,6 +/- 1,9 63,4+/-1,1
Fe 23300 +/- 210 21600 +/- 180 28000 +/- 220 32700 +/- 280 33500 +/- 290 27200 +/- 240 59100 +/- 480 21400 +/- 190 25300 +/- 230 23300 +/- 190
Co 12,00 +/- 0,17 11,10 +/- 0,16 9,21+/-0,11 12,40+/-0,17  13,10+/-0,16 9,04+/-0,11 12,40 +/-0,15 9,76 +/- 0,14 7,91 +/-0,10 7,25 +/- 0,10
Ni 21,8+/-1,3 22,5+/-1,3 18,6 +/-1,3 19,3+/-1,3 20,3+/-1,2 17,4 +/-1,1 13,3+/-1,2 17,5+/-1,1 16,0 +/- 1,4 20,3+/-1,5
Zn 73,9+/-1,8 73,9+/-1,8 56,5+/- 1,4 67,7+/-1,7 65,9 +/-1,7 42,1+/-1,2 55,5+/-1,4 54,3+/-1,4 93,4+/-2,2 65,0 +/-1,7
As 1,15 +/- 0,09 2,11 +/-0,10 2,26 +/- 0,18 0,66 +/- 0,07 1,81 +/-0,11 0,78 +/- 0,07 19,20 +/- 0,63 3,48 +/- 0,14 4,18 +/- 0,15 2,34 +/-0,11
Rb 122,0 +/-3,7 104,0 +/- 3,2 82,2+/-2,5 94,5 +/-2,9 89,2 +/-2,8 88,5+/-3,7 98,1 +/-3,0 91,6 +/- 2,8 90,1+/-2,8 133,0 +/- 4,1
Sr 90,7 +/- 8,2 53,5+/-7,7 228,0 +/-12,0 61,8+/-7,1 41,8 +/-13,0 73,7+/-7,0 57,1+/- 6,7 66,2+/-250 1050 +/- 40,0 #ZAHL!
Zr 175 +/- 26 136 +/- 21 150 +/- 14 134 +/- 24 126 +/- 22 120 +/- 20 127 +/-12 118 +/-11 165 +/- 26 134 +/- 14
sb 0,769 +/-0,033  0,842+/-0,036 0,405 +/- 0,021 0,876 +/-0,060 0,797 +/- 0,035  0,734+/-0,032  1,890+/-0,000  1,820+/-0,067  0,952+/-0,064 1,690 +/- 0,097
Cs 6,46 +/- 0,130 6,48 +/- 0,087 4,85 +/- 0,160 5,53 +/- 0,140 5,05 +/- 0,070 3,69+/-0,053 10,30 +/- 0,170 4,35+/-0,099  10,20+/-0,180 12,50 +/- 0,160
Ba 679 +/- 35 606 +/- 14 753 +/- 34 592 +/- 42 508 +/- 12 586 +/- 32 476 +/-12 539 +/-32 606 +/- 42 551 +/-56
La 50,8 +/- 0,58 42,0 +/- 0,49 57,1+/- 0,66 31,7 +/- 0,38 31,6 +/- 0,39 14,9 +/- 0,22 27,2 +/-0,34 24,0 +/- 0,30 31,4 +/-0,39 46,6 +/- 0,55
Ce 93,7+/-2,5 86,2+/-2,4 57,4+/-1,7 60,6 +/-1,8 58,0 +/- 1,6 354+/-1,1 56,4 +/-1,7 49,4+/-15 60,4 +/-1,4 76,2 +/-2,6
Nd 38+/-4 29 +/- 200 47 +/- 4 BDL BDL BDL 26+/-3 BDL BDL 37 +/-10
Sm 7,29 +/- 0,130 5,86 +/- 0,110 8,28 +/- 0,150 3,63 +/- 0,068 3,49 +/- 0,067 1,87 +/- 0,039 4,07 +/- 0,076 3,36 +/- 0,064 4,64 +/- 0,086 7,58 +/- 0,140
Eu 1,75 +/- 0,051 1,41 +/- 0,044 2,00 +/- 0,054 0,82 +/- 0,030 0,72 +/- 0,021 0,39 +/- 0,019 0,83 +/- 0,024 0,72 +/- 0,021 0,98 +/- 0,028 1,76 +/- 0,049
Tb 0,923 +/-0,022 0,717 +/-0,020 0,965 +/-0,022 0,403 +/-0,015 0,328 +/-0,015 0,216 +/-0,052 0,544 +/-0,052 0,363 +/-0,047 ~ 0,571+/-0,018 0,986 +/- 0,025
Yb 2,98 +/- 0,270 2,30 +/- 0,280 2,14 +/- 0,220 1,64+/-0,058  121+/-0,180  1,05+/-0,042  197+/-0,062  1,41+/-0,054 2,59 +/-0,076 2,62 +/- 0,320
Lu 0,343 +/-0,042  0,303+/-0,031 0,285 +/- 0,039 0,230+/-0,030 0,203 +/-0,011 0,179 +/-0,036 0,296 +/-0,014 0,184 +/-0,027 0,376 +/-0,017 0,398 +/- 0,016
Hf 5,31 +/- 0,170 4,91 +/-0,120 3,91 +/- 0,110 4,53 +/- 0,110 4,44 +/- 0,120 4,50 +/- 0,110 4,21 +/-0,051 4,24 +/-0,110 5,38 +/- 0,065 3,98 +/- 0,054
Ta 0,914 +/-0,024  0,971+/-0,026 0,652 +/- 0,018 0,775+/-0,021 0,750 +/- 0,021 0,628 +/-0,018 0,692 +/-0,028 0,801 +/-0,022  0,941+/-0,025 0,743 +/- 0,034
w 1,2+/-0,2 1,9+/-0,2 BDL BDL 1,8+/-0,2 BDL 1,6 +/-0,5 1,1+/-0,1 3,1+/-0,7 1,1+/-0,2
Th 13,5 +/- 0,22 14,3 +/-0,24 8,8+/-0,16 10,7 +/- 0,18 11,2 +/- 0,19 9,2+/-0,16 7,9 +/-0,15 8,5+/-0,15 14,3 +/- 0,24 13,1+/-0,23
U 2,8+/-0,20 2,8+/-0,20 1,7 +/- 0,20 2,2 +/-0,20 2,0 +/-0,07 1,8 +/-0,06 2,4 +/-0,20 2,1+/-0,20 2,9 +/-0,30 2,8+/-0,20

B29 B30 B31 B32 B33 B34 B35 B36 B37 B38
Na 11700 +/- 130 7190 +/- 82 10200 +/- 110 8400 +/- 93 9070 +/- 100 8370 +/- 93 7850 +/- 86 9470 +/-110 10300 +/-180 7450 +/- 130
K 14900 +/- 610 26300 +/- 770 18700 +/- 670 22900 +/-700 19400 +/-630 19900 +/- 1900 19500 +/- 600 19600 +/-710 20100 +/- 480 14200 +/- 420
Sc 16,2 +/- 0,32 15,9 +/- 0,31 12,4 +/- 0,24 16,5 +/- 0,32 13,6 +/- 0,26 13,6 +/- 0,27 15,6 +/- 0,30 11,0 +/- 0,22 13,2 +/- 0,30 15,2 +/- 0,35
Cr 41,8 +/-2,1 65,2 +/-1,1 58,2 +/-1,0 82,8 +/-2,7 69,0 +/-2,3 65,4 +/- 2,0 67,7 +/-1,9 59,1+/-2,4 59,1+/-5,4 48,4 +/- 4,4
Fe 23900 +/- 230 25300 +/- 240 21700 +/- 220 24700 +/- 200 18900 +/- 160 20400 +/- 170 21500 +/- 180 15900 +/- 170 22000 +/-350 34200 +/- 540
Co 7,91+/-0,16 14,40 +/-0,21 9,73+/-0,17 12,70 +/-0,15 8,85 +/- 0,14 10,10 +/- 0,16 13,60 +/- 0,18 7,03 +/- 0,13 9,41+/-0,23  6,07+/-0,16
Ni 15,9 +/-1,8 23,7+/-1,7 23,3+/-1,6 29,1+/-1,7 22,2+/-1,3 22,2+/-1,5 25,5+/-1,4 18,5+/-1,4 21,9+/-1,2 15,4 +/- 1,0
n 110,0 +/- 2,7 76,2 +/- 2,0 61,5+/-1,7 91,1+/-2,2 68,3 +/-1,7 70,9 +/- 1,8 88,9+/-2,1 52,0 +/-1,5 56,7 +/- 1,4 66,9 +/- 1,6
As 5,24 +/- 0,19 3,71 +/- 0,20 BDL 4,55 +/- 0,20 3,43 +/- 0,17 2,75 +/- 0,16 2,68 +/- 0,15 4,53 +/-0,21 5,67 +/-0,30 4,93 +/-0,26
Rb 80,2 +/- 2,6 149,0 +/- 4,5 89,0+/-2,8 113,0 +/-3,5 98,7 +/- 3,1 108,0 +/- 3,3 113,0 +/- 3,4 100,0 +/- 3,1 102,0 +/- 3,5 98,3 +/- 3,4
Sr 72,0 +/- 11,0 BDL 105,0 +/- 9,9 175,0 +/- 8,5 66,5+/-8,5 74,3 +/- 40,0 46,0 +/-7,7 89,3 +/- 16,0 92,8 +/- 4,8 67,4+/-4,8
Zr 159 +/-17 163 +/- 16 126 +/-13 183 +/- 29 164 +/-17 172 +/- 29 178 +/- 26 115+/- 24 171+/-13 203 +/- 22
Sb 0,953 +/-0,075 1,680 +/- 0,100 0,788 +/-0,038 0,608 +/- 0,030 0,699 +/- 0,032 0,632 +/- 0,031 0,595 +/-0,028  0,472+/-0,027  0,521+/-0,039 0,868 +/- 0,041
Cs 8,71+/-0,200 11,60 +/- 0,200 5,45 +/- 0,110 6,38 +/- 0,150 5,63 +/- 0,078 6,32 +/- 0,170 6,02 +/- 0,130 5,03 +/- 0,073 4,56 +/- 0,090 7,76 +/- 0,140
Ba 641 +/-17 574 +/- 56 2600 +/- 71 642 +/- 47 626 +/- 46 587 +/- 45 608 +/- 65 626 +/- 47 585 +/- 30 516 +/- 28
La 29,0 +/- 0,38 43,1+/-0,52 42,1+/-0,51 37,4 +/- 0,46 31,0 +/- 0,39 31,0 +/- 0,39 39,1+/-0,46 28,3 +/- 0,36 33,9+/-0,72  356+/-0,76
Ce 56,8 +/-1,9 88,2+/-2,7 82,8+/-1,9 76,8 +/- 2,2 61,8+/-1,7 60,4 +/-1,9 74,1+/-2,1 55,6 +/-1,7 63,7 +/-2,0 64,5+/-2,1
Nd BDL 39+/-20 BDL BDL BDL BDL 34+/-4 BDL 27+/-2 31+/-2
Sm 4,35 +/- 0,084 7,14 +/- 0,130 5,74 +/- 0,110 5,83 +/- 0,110 4,73 +/- 0,088 4,95 +/- 0,093 6,10 +/- 0,110 4,35 +/- 0,083 5,59 +/- 0,220 5,55 +/- 0,220
Eu 0,94 +/- 0,029 1,59 +/- 0,045 1,32 +/- 0,038 1,62 +/- 0,052 1,29 +/- 0,042 1,58 +/- 0,044 1,69 +/- 0,046 1,03 +/- 0,030 1,46 +/- 0,028 1,43 +/- 0,028
Tb 0,581+/-0,082 1,010+/-0,027 0,699 +/-0,021 0,640 +/-0,021  0,570+/-0,018  0,542+/-0,018 0,758 +/-0,059 0,593 +/-0,058 0,646 +/- 0,040 0,797 +/- 0,035
Yb 2,53+/-0,350 3,54 +/-0,390 2,07+/-0,074  2,36+/-0,079  2,05+/-0,070 2,07 +/- 0,071 2,80+/-0,078  195+/-0,450  2,10+/-0,081 2,87 +/- 0,110
Lu 0,429 +/- 0,069 0,470 +/- 0,019 0,283 +/-0,029  0,361+/-0,016 0,320 +/- 0,032 0,339 +/- 0,041 0,385+/-0,037  0,325+/-0,045 0,336+/-0,029 0,472 +/-0,033
Hf 5,53 +/- 0,071 5,52 +/- 0,070 3,96 +/- 0,140 6,07 +/- 0,073 5,93 +/- 0,070 5,75 +/- 0,069 6,07 +/- 0,070 4,84 +/- 0,061 5,44 +/-0,220 6,68 +/- 0,270
Ta 0,932+/-0,027 1,070 +/-0,059 0,719 +/-0,021 1,150 +/- 0,041 0,983 +/- 0,027 1,000 +/- 0,027 1,050 +/- 0,034 0,881 +/-0,035 1,010+/-0,024 1,100 +/- 0,026
w BDL 2,0+/-0,2 BDL 1,4+/-0,2 BDL 3,1+/-0,9 1,9+/-0,2 BDL 1,5+/-0,1 1,9+/-0,3
Th 14,8 +/- 0,25 14,4 +/- 0,26 12,6 +/- 0,23 17,0 +/- 0,27 13,6 +/- 0,23 13,1+/-0,23 14,5 +/- 0,24 12,4 +/- 0,22 14,8 +/- 0,37 15,1+/-0,38
U 2,8+/-0,30 2,7 +/-0,20 2,6 +/-0,20 3,0 +/- 0,09 2,7 +/-0,20 2,7 +/-0,09 2,6 +/-0,08 2,4+/-0,08 3,2+/-0,10 3,3+/-0,10
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Neutron Activation Analysis

Table 12 (continued)

B39 €40 c41 c42 c43 C44 c45 C46 c47 c48

Na 8490 +/- 150 5520 +/- 96 8200 +/- 140 11500 +/- 310 3880 +/- 110 8090 +/- 220 5220 +/- 140 12300 +/- 330 12500 +/- 340 9290 +/- 250
K 20200 +/- 430 23100 +/- 490 13700 +/- 480 21900 +/- 750 26500 +/- 710 20300 +/- 700 23200 +/- 670 21600 +/- 920 22500 +/- 860 21000 +/- 780
Sc 16,2 +/- 0,37 20,6 +/- 0,48 15,8 +/- 0,36 13,6 +/- 0,24 24,7 +/- 0,43 16,1+/-0,28 10,5 +/- 0,18 12,6 +/- 0,22 14,7 +/- 0,26 14,4 +/-0,25
Cr 62,5+/-5,7 52,4 +/- 4,8 56,3 +/-5,1 57,5+/-1,2 149,0 +/- 2,5 67,6 +/-1,3 63,7 +/-1,3 55,4 +/-1,5 62,2+/-1,3 49,5+/-1,2
Fe 25000 +/- 400 24100 +/- 380 29400 +/- 470 23500 +/- 170 37300 +/- 280 20700 +/- 170 32200 +/- 230 20200 +/- 150 25200 +/- 190 21200 +/- 160
Co 11,60 +/- 0,29 10,10 +/- 0,25 7,38 +/- 0,19 13,20 +/- 0,38 3,31+/-0,11 8,98 +/- 0,26 5,17 +/- 0,15 12,70 +/- 0,37 14,40 +/- 0,42 9,55 +/- 0,28
Ni 22,2+/-1,2 29,3+/-1,4 19,9 +/-1,1 19,0 +/-1,1 12,7 +/-1,1 20,6 +/-1,2 16,5 +/- 1,0 18,7 +/-1,1 21,6 +/-1,2 14,7 +/- 0,9
Zn 82,0+/-1,9 109,0 +/- 2,5 80,2+/-1,9 65,2+/-1,1 BDL 79,2+/-1,3 57,1+/-1,0 60,9 +/- 1,0 74,8 +/-1,2 65,9 +/-1,1
As 4,77 +/- 0,27 3,90 +/- 0,22 3,61 +/-0,22 2,77 +/- 0,20 9,35 +/- 0,63 1,73 +/- 0,12 3,81+/-0,25 1,49 +/- 0,12 1,64 +/-0,13 1,16 +/- 0,10
Rb 116,0 +/- 3,9 163,0 +/-5,5 94,8 +/-3,2 114,0 +/- 2,9 174,0 +/- 4,4 107,0 +/- 2,8 143,0 +/- 3,6 109,0 +/- 2,8 125,0 +/-3,2 108,0+/- 2,8
Sr 71,0 +/- 4,8 74,3 +/-9,7 111,0 +/- 13,0 86,2 +/-5,5 212,0 +/- 32,0 167,0 +/- 55,0 BDL 118,0 +/- 6,3 84,1+/-5,7 75,4 +/- 5,4
Zr 202 +/- 20 199 +/- 15 252 +/- 23 216 +/- 20 249 +/-13 228 +/-12 196 +/- 21 229 +/- 25 221+/-21 222 +/-11
sb 0,772 +/- 0,036 1,150+/- 0,053 0,613 +/-0,030  0,891+/-0,041  0,736+/-0,059  0,755+/-0,062  1,230+/-0,070 0,824 +/-0,038 0,970 +/- 0,065 0,663 +/- 0,054
Cs 7,37 +/- 0,130 15,10 +/- 0,240 6,76 +/- 0,120 6,41 +/- 0,092 12,10 +/- 0,150 7,33 +/- 0,100 8,32 +/- 0,100 5,95 +/- 0,088 6,89 +/- 0,100 6,64 +/- 0,067
Ba 568 +/- 29 510 +/- 28 365 +/- 25 618 +/- 16 593 +/-16 565 +/- 26 476 +/- 36 648 +/- 28 620 +/- 29 574 +/- 28
La 42,6 +/- 0,90 48,4 +/- 1,00 39,4 +/- 0,84 50,0 +/- 0,97 41,0 +/- 0,80 40,7 +/- 0,79 24,4 +/- 0,48 45,8 +/- 0,89 56,0 +/- 1,10 37,7 +/- 0,74
Ce 81,8 +/-2,6 94,9 +/-3,0 78,2 +/-2,5 90,8 +/- 2,4 77,8 +/-2,1 85,6 +/-2,2 40,6 +/- 1,1 83,9+/-2,2 99,2 +/-2,6 72,0+/-1,9
Nd 41+/-8 42+/-3 47+/-8 41+/-7 34+/-10 40+/-9 25+/-8 38+/-2 46 +/- 20 30+/-2
Sm 7,19 +/- 0,290 10,10 +/- 0,400 8,05 +/- 0,320 7,73 +/- 0,220 7,00 +/- 0,200 6,09 +/- 0,170 3,73 +/- 0,110 7,07 +/- 0,200 8,09 +/- 0,230 6,03 +/- 0,170
Eu 1,78 +/- 0,032 2,24 +/- 0,038 1,88 +/- 0,034 1,72 +/- 0,053 1,37 +/- 0,044 1,38 +/- 0,044 0,82 +/- 0,028 1,63 +/- 0,050 1,96 +/- 0,060 1,39 +/- 0,044
Tb 0,917 +/- 0,050 1,440 +/-0,055 1,170 +/-0,045  0,982+/-0,026 0,862 +/-0,024 0,743 +/-0,021 0,489 +/-0,021 0,883 +/-0,039 1,030 +/- 0,055 0,838 +/- 0,042
Yb 2,75 +/- 0,100 4,09 +/- 0,220 3,61+/-0,130 2,77 +/- 0,078 3,22 +/- 0,092 2,35+/-0,060  2,00+/-0,060 2,52 +/-0,069 2,83+/-0,080  2,64+/-0,110
Lu 0,474 +/- 0,036 0,738 +/-0,035  0,612+/-0,039 0,420 +/-0,031  0,526+/-0,029  0361+/-0,025 0,321+/-0,021  0,405+/-0,026 0,428 +/- 0,032 0,385 +/- 0,031
Hf 6,06 +/- 0,240 6,53 +/- 0,260 8,05 +/- 0,320 5,45 +/- 0,150 6,60 +/- 0,190 5,71 +/- 0,160 5,58 +/- 0,160 5,39 +/- 0,150 5,81+/-0,170 5,93 +/- 0,170
Ta 1,080 +/- 0,029 1,130 +/- 0,026 1,120 +/- 0,026 0,930 +/- 0,027 1,440 +/- 0,044 1,010 +/- 0,043 0,847 +/-0,025 0,816 +/-0,028 0,946 +/- 0,027 0,887 +/- 0,026
w 2,2+/-0,1 2,5+/-0,1 1,6 +/-0,1 1,4+/-0,2 2,4+/-03 1,7+/-0,2 2,2+/-03 1,3+/-0,6 1,2+/-0,2 1,1+/-04
Th 15,2 +/- 0,38 16,9 +/- 0,42 12,9 +/-0,32 13,9 +/- 0,19 17,1+/-0,23 15,7 +/- 0,21 10,1 +/-0,14 12,3 +/-0,17 14,3 +/- 0,20 12,5 +/- 0,18
U 3,8 +/- 0,20 4,5+/-0,20 3,8 +/-0,20 3,4+/-0,20 5,6 +/- 0,20 3,4 +/-0,20 2,7 +/-0,10 3,1+/-0,20 3,4 +/- 0,20 3,1+/-0,20
C49 €50 c51 c52 D53 D54 D55 D56 D57 D58

Na 8080 +/- 220 8030 +/- 220 6070 +/- 160 6220 +/- 170 9010 +/- 160 8570 +/- 150 8520+/-150 13700 +/- 240 12300 +/- 210 11500 +/- 200
K 19200 +/- 380 22800 +/- 760 23700 +/- 740 24300 +/- 770 21000 +/- 470 18600 +/- 660 23300 +/- 500 19500 +/- 550 21800 +/- 490 19000 +/- 510
Sc 18,1+/-0,32 13,5+/- 0,24 10,9 +/- 0,19 10,6 +/- 0,19 15,4 +/- 0,35 14,9 +/- 0,34 12,4 +/- 0,30 8,9+/-0,21 11,7 +/-0,27 11,4 +/- 0,26
Cr 444 +/-13 57,8+/-1,2 68,0+/-1,3 67,0+/-1,3 52,7+/-4,8 50,4 +/- 4,7 47,4+/- 6,5 37,7+/-3,5 42,4+/-3,9 43,8 +/-4,0
Fe 20800 +/- 170 19400 +/- 140 23200 +/- 170 20900 +/- 170 20100 +/- 320 18900 +/- 300 36400 +/- 730 28800 +/- 450 33400 +/- 530 36700 +/- 580
Co 10,80 +/- 0,32 9,36 +/- 0,27 5,43 +/- 0,16 5,06 +/- 0,15 5,76 +/- 0,14 5,48 +/- 0,15 15,10 +/- 0,42 9,64 +/- 0,24 11,10 +/- 0,28 14,50 +/- 0,36
Ni 14,4+/-1,0 20,6 +/- 1,1 15,4+/-0,9 17,0 +/- 1,0 13,3+/-0,9 11,0+/-1,1 BDL 12,5+/-0,8 17,2+/-1,0 14,9 +/-1,0
Zn 94,0 +/-1,5 68,2+/-1,1 82,1+/-13 76,0 +/- 1,2 60,7 +/-1,5 61,5+/-1,6 56,0 +/-3,2 57,1+/-1,4 62,2+/-1,5 69,8+/-1,7
As 1,40 +/- 0,11 1,21+/-0,10 2,15 +/- 0,14 2,51+/-0,18 1,05 +/- 0,07 1,10 +/- 0,10 1,24 +/- 0,08 0,61 +/-0,06 2,17 +/- 0,15 3,82 +/-0,21
Rb 120,0 +/- 3,1 123,0 +/-3,1 151,0+/-3,8 150,0 +/- 3,8 123,0 +/- 4,2 115,0 +/- 4,0 82,6 +/- 4,1 71,1+/-2,4 78,8 +/-2,7 59,6 +/- 2,1
Sr 60,5 +/- 180,0 91,0 +/-5,7 BDL 33,4+/-4,3 75,2 +/-12,0 61,0+/- 6,5 BDL 180,0 +/- 18,0 166,0 +/- 6,1 89,6 +/- 4,7
Zr 268 +/- 13 210+/-11 207 +/- 18 179+/-9 190 +/- 15 210 +/- 29 BDL 144 +/-11 131+/-15 149 +/-12
sb 1,140 +/- 0,069 0,766 +/-0,036 1,190 +/-0,068 1,250 +/-0,056 0,595 +/- 0,046 0,565 +/- 0,031 BDL  0,421+/-0,021 0,428 +/- 0,038 0,536 +/- 0,040
Cs 9,20 +/- 0,120 7,53 +/- 0,100 9,24+/-0,110  9,15+/-0,110  9,62+/-0,160  9,27+/-0,170  541+/-0380 4,62 +/-0,088 4,17 +/- 0,086 3,48 +/- 0,080
Ba 515 +/- 28 603 +/- 29 506 +/- 24 515 +/- 970 473 +/- 28 720 +/- 50 529 +/- 110 574 +/- 22 593 +/-32 546 +/- 29
La 42,9 +/-0,84 38,0 +/- 0,74 38,0 +/- 0,74 38,3 +/- 0,75 31,4 +/-0,67 29,4 +/- 0,64 43,3 +/-0,92 25,2 +/- 0,54 42,9 +/-0,91 20,1 +/-0,43
Ce 78,3 +/-2,1 78,4 +/-2,0 64,7 +/-1,7 60,0 +/- 1,6 554+/-1,8 51,3+/-1,8 61,5+/-4,0 353+/-1,2 66,5+/-2,1 34,4+/-1,2
Nd 39+/-10 23+/-2 29+/-7 29+/-2 23+/-2 20+/-3 BDL 14+/-7 29+/-2 17+/-7
Sm 7,71 +/-0,220 5,82 +/- 0,170 538+/-0,150  564+/-0,160  4,89+/-0,190  4,53+/-0,180  556+/-0,220 2,50 +/- 0,100 5,21+/-0,210 2,71+/-0,110
Eu 1,80 +/- 0,056 1,22 +/- 0,039 1,22 +/- 0,039 1,17 +/- 0,035 0,97 +/- 0,020 0,91 +/- 0,028 1,24 +/- 0,100 0,60 +/- 0,010 1,03 +/- 0,020 0,68 +/- 0,012
Tb 1,230 +/- 0,033 0,692 +/- 0,020 0,654 +/- 0,036 0,653 +/- 0,042 0,603 +/- 0,044 0,527 +/-0,024  0,552+/-0,051 0,297 +/- 0,042 0,482 +/- 0,040 0,309 +/- 0,014
Yb 4,24 +/- 0,120 2,38 +/- 0,210 2,17 +/- 0,064 2,21 +/- 0,065 2,16+/-0,120 2,01 +/-0,084 1,32 +/- 0,150 1,14 +/- 0,048 1,72 +/- 0,140 1,51 +/-0,160
Lu 0,654 +/-0,033 0,368 +/-0,025 0,364 +/-0,026  0,389+/-0,023  0,401+/-0,025 0,387 +/-0,039  0,300+/-0,033  0,159+/-0,022 0,252 +/- 0,029 0,257 +/- 0,024
Hf 6,73 +/- 0,190 5,63 +/- 0,160 558+/-0,160  544+/-0,140  6,39+/-0,260  7,26+/-0,280  4,37+/-0,190 4,97 +/- 0,200 4,47 +/- 0,180 5,14 +/- 0,210
Ta 0,998 +/-0,036 0,925 +/- 0,027 0,828 +/-0,028 0,843 +/- 0,024 1,040 +/- 0,024 1,120 +/-0,027 0,654 +/- 0,087 0,652 +/- 0,016 0,659 +/- 0,016 0,672 +/- 0,016
w 2,3+/-0,3 1,3+/-0,2 2,6+/-0,3 2,8+/-0,3 1,8+/-0,1 2,2+/-0,6 1,6 +/-0,5 1,4+/-0,4 1,1+/-0,1 1,1+/-0,1
Th 13,5+/- 0,19 13,5+/- 0,19 10,5+/- 0,15 10,7 +/- 0,15 13,3+/-0,33 12,8 +/- 0,33 9,9 +/-0,26 8,5+/-0,21 10,3 +/- 0,26 9,4+/-0,24
U 3,2+/-0,10 3,3 +/-0,20 2,9 +/-0,10 3,0 +/- 0,10 3,7 +/-0,20 3,6 +/- 0,30 2,4+/-0,20 2,3+/-0,20 2,6 +/- 0,20 2,2+/-0,10
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III. 3 Mineralogical research on production and provenance
characteristics in the Nakadake Sanroku kiln site cluster

Michael Raith, Radegund Hoffbauer

A representative suite of sherds of 9th-10th century Sue ware from the Nakadake Sanroku kiln site
has been studied with archaeometric methods with the objective to characterize the ceramics based
on mineralogical-petrographic-chemical attributes, to establish the nature and provenance of the
raw material, and to constrain the firing conditions.

1. Analytical methods

The fabric and clast mineralogy of 9th-10th century Sue ware from the Nakadake Sanroku kiln site
was examined on high-quality polished thin sections (standard thickness 30 um) of twenty-one
sherds by means of optical microscopy (OM), back-scattered electron imaging (BSE) and electron
microanalysis (EPMA) using a JEOL Superprobe 8200. To characterize the sub-microscopic texture of
the ceramic body, fracture surfaces across the sherds have been examined for representative sam-
ples by scanning electron microscopy (SEM) using a VEGA TS 5130 LM (TESCAN) instrument. The
results of the microscopic observations are summarized in Table 13.

Bulk mineralogical compositions were determined by X-ray powder diffraction using a Siemens
D5000 powder diffractometer. Diffraction patterns were recorded in the 26 range from 4° to 70°,
with a scanning step width of 0.02° and a 15s counting time per step. The X-ray powder diagrams
were processed as follows. In a first step the mineral phases constituting the sherds were identified
employing a “Search/Match” routine (EVA v.16.0, DIFFRACplus Software Suite, Bruker-AXS, 2010),
which compares all intensities of the background subtracted X-ray powder diagram with all known
X-ray powder diagrams of single phases, stored in the PDF-2 database of the International Centre
for Diffraction Data (ICDD). In a second step, the weight proportions of identified mineral phases
were calculated with the Rietveld Method (TOPAS v. 4.2, DIFFRACplus Software Suite, Bruker-AXS,
2009). The results of XRD-analysis are listed in Table 14.

Chemical bulk compositions were determined by X-ray fluorescence spectrometry with an AX-
I0S XRF instrument of PANalytical. Major element concentrations were analysed on fused glass
beads (0.4 g sample + 4g di-lithium tetraborate flux) using the SuperQ software (PANalytical) which
was calibrated in-house with a set of international standards. Trace element concentrations were
analysed on pressed pellets (5g sample + 1g Wax) using the Pro Trace software (PANalytical). Major
and trace element analyses are given in Table 15.

2. Fabric, clast and matrix mineralogy

The studied sherds exhibit a remarkably uniform fabric and particle mineralogy which indicates
a uniform source of the potter’s raw material and unchanged production standards. The fabric of
sherds is characterized by evenly distributed angular to subrounded mineral grains set in a weakly
to strongly vitrified ceramic matrix (Plate 16). Most sherds show a more or less distinct planar fab-
ric defined by the alignment of elongate voids, micro-pores and clasts, as well as the preferred ori-
entation of mullite needles in vitrified matrix domains (Plate 17).
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Fig. 43: Scanning electron microscopy (SEM) images exemplifying the vitrified ceramic matrices of high-fired Sue
ware (sherds A-12 and A-11). Sintering and intense melting have reduced the high microporosity of the precursor
green bodies to a system of closed pores. Vesicular domains represent melted alkali feldspar grains. The vitreous
matrices contain abundant mullite needles which produce the roughness of surfaces in the high-magnification im-
ages, and are well visible on the walls of vesicles.

Fig. 44: Scanning electron microscopy (SEM) images exemplifying the ceramic matrices of feebly vitrified Sue ware
(sherds A-5 and A-4). The interlocked microporous fabric, owing to the low degree of sintering and melting, is rem-
iniscent of the highly porous clayey fabric of the precursor green bodies. The overview image of sherd A-5 shows
part of a large clast of quartz.
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Fig. 45: Photomicrographs showing the mullite-rich vitreous
matrix of high-fired Sue ware (sherd A-18). The orientation of
micron-size mullite needles mimics the precursor planar fabric
of clay minerals which they replaced in an oriented fashion. The
preferred orientation of mullite is well discernible by blue inter-
ference colours when viewed with crossed polarizers and inserted
lambda-plate due to the orthorhombic symmetry of mullite nee-
dles and their positive sign of elongation (‘length slow’, 1+;). The
image also shows minute angular grains of quartz and a K-feld-
spar clast with a blistered vitreous rim. Width of views = 0.2 mm;
PPL, +Pol, +Pol & A-plate.

2.1 Ceramic matrix

Most sherds exhibit moderately to strongly vitrified matrices indicative of high firing temperature.
Elongate voids typically aligned parallel to the surfaces of the sherds (Plate 16, 17), most likely
represent shrinking voids formed during drying of the green bodies. The intense vitrification and
sintering caused a significant reduction of the matrix porosity with development of rather large
unconnected pores (Fig.43, Plate 17). Well-rounded small vesicles occur in abundance in intensely
vitrified matrix domains and represent inclusions of fluids that were released during melting of the
ceramic body. In contrast to the highly vitrified samples, the few weakly vitrified sherds (A-1, 3, 5,
22) preserve a very high matrix porosity characterized by a network of interconnected pores (Fig.
44),

In most of the vitrified samples mullite and spinel could be identified microscopically as new-
ly grown phases of the vitreous matrix. Mullite needles occur in different textural modes: (1) as
fibrous aggregates that are intimately interwoven with the vitreous phase and mimic the planar
fabric of precursor phyllosilicates from which they originate (Fig. 45), (2) as randomly oriented
needles that crystallized in locally segregated glass domains or in the marginal parts of vesicular
glass domains that replace K-feldspar in most intensely vitrified sherds (Fig. 46), and (3) as filthy
aggregates within vitreous reaction rims resorbing plagioclase clasts (Fig. 47, Plate 18). Quantitative
phase analysis of X-Ray diffraction pattern with the Rietveld method identified the 3A1,0,2Si0, (3:2)
and 2A1,0,Si0, (2:1) variants of mullite (Table 14, Fig. 53). 3:2 mullite is dominating and, supporting
the microscopic observations, most likely formed through replacement of primary 2:1 mullite in the
vitreous matrix as a result of the enhanced silica and alkali flux that characterizes the high-temper-
ature vitrification of the ceramic body. 3:2 mullite likely forms the acicular crystals of vitreous glass
domains and the filthy aggregates of vitreous rims resorbing plagioclase clasts.
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Fig. 46: Photomicrographs (upper and middle image pairs) and back scattered electron (BSE) images (lower image
pair) showing micron-size mullite needles growing into vesicular glass domains (sherd A-6) and blistered vitreous
domains formed through complete melting of alkali feldspar clasts (sherds A-14, A-17, A-19). Photomicrographs:
plane polarized light, width of views = 0.2 mm.

Well confined micro-domains of brownish glass hosting minute crystals of cordierite, orthopy-
roxene and hercynitic spinel are interpreted to have originated through dehydration-melting of
precursor biotite flakes. Minute crystals of spinel also occur dispersed in the aluminous ceramic
matrices and may have formed through reactions involving the breakdown of chlorite which forms
a primary constituent of the clayey raw material (Tab. 14, Fig. 53). Angular to subrounded domains
of blistered colourless glass were formed through complete melting of K-feldspar clasts (see below).

2.2 Mineral clasts

The particulate matter is dominantly made up of quartz and exhibits a poorly sorted grain size dis-
tribution ranging from ca. 1 mm down to clay size fraction (Plate 16). K-feldspar and intermediate
plagioclase occur as larger clasts. BSE-imaging, however, indicates that smaller grain size fractions
of feldspar were once present in the raw material but have been eliminated during vitrification of
the ceramic matrix. Few grains of clinopyroxene were detected in some sherds.
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Fig. 47: Photomicrographs (sherds A-6, A-20) and back scattered electron (BSE) image (sherd A-14) showing reac-
tion rims of mullite+glass resorbing plagioclase clasts in high-fired Sue ware sherds. Photomicrographs: plane polar-
ized light and crossed polarizers with inserted lambda-plate, width of views = 0.28 mm.

2.2.1. Melting phenomena of mineral clasts

Plagioclase

Plagioclase clasts in the studied sherds are homogeneous or preserve truncated magmatic zona-
tions. Compositions vary between oligoclase and andesine (An,, Aby;, ,0r,,,). In poorly vitrified
sherds (i.e. lower firing temperature), the angular clasts show no evidence of reaction with the
ceramic matrix (Tab. 13; Plate 18, sherds A-1, 2, 4, 5, 22). In contrast plagioclase clasts in highly vit-
rified sherds (i.e. higher firing temperature) show conspicuous, 10-50 um wide resorption rims (Tab.
13; Plate 18, sherds A-6 to A-14, A-19, 20) that are made up of mullite embedded in a vitreous phase
(Fig. 47, sherd A-14, BSE image 454). The resorption of plagioclase clasts, which retain their pristine
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Fig. 48: Back scattered electron (BSE) images of feebly vitrified Sue ware sherds A-5 and A-4 exemplifying an incip-
ient melting stage of alkali feldspar clasts. Melting occurred along the margins of the clasts and advanced into the
clasts along crystallographically defined planes. Varying brightness reveals the pronounced K-Na zonation of the
clasts.

composition up to the resorption boundary, did not exceed the width of ca. 50 um. Compared to the
composition of plagioclase, the vitreous phase is enriched in Si, K, Fe and Mg, but depleted in Na,
Ca and Al, which documents significant element transfer between the reaction zone and the adja-
cent ceramic matrix. These observations demonstrate that plagioclase clasts (~An,, ;) did not melt
congruently (solidus of albite-anorthite binary system: An,, = 1160°C and An,, = 1280°C; N. L. Bowen
1913, Am. J. Sci. 35, 577-599) but became resorbed through reaction with the melted ceramic matrix,
probably at temperatures below 1100°C.

K-feldspar

In the moderately to strongly vitrified sherds only large clasts of K-feldspar (>100 mm diameter) are
preserved in different states of melting (Plate 19, Photomicrographs of Kfs clasts in Sue ware). Small
grains have been completely melted, although their shape may still be discernible in BSE-images
due to the compositional contrast with the enclosing mullite-rich vitreous matrix (Fig. 50; BSE-im-
age 449, A-13 as an example). This underscores the important role of K-feldspar as flux agent during
the high-temperature vitrification of the stoneware. Melting phenomena of large clasts range from
few microns thin vitreous margins to completely melted clasts, which correlates with the vitrifica-
tion degree of the ceramics (15-50 wt% vitreous phase; Table 13) and reflects temperature gradients
in the kilns. Irrespective of the degree of melting, the clasts retained their original angular shape.
Incipient melting stages are characterized by development of vitreous thin rims to broad blistered
mantles around zoned feldspar clasts (Fig. 48, BSE-images of samples A-5, A-4). Advanced melting
stages show largely melted grains with core domains consisting of vitreous phase and skeletal plagi-
oclase enclosing relict K-feldspar islands (Fig. 49, BSE-images of samples A-12, -13). Complete melt-
ing produced angular blistered vitreous domains which retain the shape of precursor feldspar clasts
(Fig. 50). The vitreous phase is homogeneous and free of crystalline inclusions. In the most intensely
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Fig. 49: Back scattered electron (BSE) images of sherds A-12 and A-13 exemplifying an advanced melting stage of
alkali feldspar clasts in strongly vitrified Sue ware. The central domains of the clasts show resorption relics of alkali
feldspar that are surrounded by skeletal grains of plagioclase and vitreous phase. The replacement texture is indica-
tive of incongruent melting. The largely melted clasts mimic the shape of their precursor clasts, although blistering
caused a significant volume change and viscous flow in the melted mantle domains.

Fig. 50: Back scattered electron (BSE) images of sherds A-14 and A-17 showing blistered vitreous domains that were
derived through complete melting of alkali feldspar clasts in most intensely vitrified Sue ware. The domains mimic
the shape of the precursor K-feldspar clasts, although blistering caused a significant volume change and viscous
flow in the melt domains. Micron-size mullite needles precipitated preferably in the marginal parts of the vitreous
domains indicating diffusional influx of aluminium from the surrounding matrix.
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Fig. 51: Binary plots of Si/(Si+Al) versus K/(K+Na) and (K+Na)/(K+Na+R") versus K/(K+Na) illustrating the composi-
tional variations in incipiently to completely melted alkali feldspar clasts. Symbols: blue diamonds- core domains of
K-feldspar; pink diamonds- mantles and rims of K-feldspar; red circles- melt phase.
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Fig. 52: Schematic representation of phase relations in the ternary feldspar system NaAlSi,0, (Albite) - KAISi,O,
(Orthoclase) - CaAl,Si,0, (Anorthite) at atmospheric pressure. (A) Three-dimensional view of the ternary feldspar
system. (B) Ternary diagram showing plagioclase-alkali feldspar pairs coexisting with cotectic liquids. (C) Schemat-
ic pseudobinary sections through the ternary feldspar system. - The phase relations in A and B are largely based on
the experimental studies of Bowen (1913), Bowen & Schairer (1947), and Franco & Schairer (1951). The intersection
of the solidus with the ternary feldspar solvus and the associated plagioclase-alkalifeldspar tie lines were calculat-
ed using the ternary feldspar-mixing model of Benisek et al. (2010).

vitrified sherds, however, the vitreous phase shows crystallization of acicular mullite in a random
fashion, commonly accentuated in the marginal parts of the domains (Fig. 46).

With advancing melting, alkali feldspar clasts developed a pronounced K-Na zonation
from potassic compositions (Ory, 4Ab,,,0AN, ,) of pristine core domains to sodic compositions
(Org 51Abs, 46AN, ) of domains adjoining the vitreous mantles/rims (Plate 20; BSE-images, element
maps and profiles). The composition of the vitreous phase shows little variation (Si0, 65-68, Al,0,
19.5-20, FeO 2-1.3, MgO 0.6-0.3, CaO 1-0.7, Na,0 2.5-2, K,0 6.5-5 wt%). When recalculated to the
feldspar formula unit, Si and Al retain the 3:1 cation proportion of the precursor feldspar frame-
work, whereas K and Na are depleted (K+Na = 0.60-0.45 a.p.f.u.), and Ca, Fe and Mg (Ca+Fe+Mg =
0.20-0.15 a.p.f.u.) enriched relative to the precursor feldspar (Plate 20; element profiles).
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Fig. 53: Graphical representation of bulk modal mineralogy (wt%) of Sue ware sherds as determined by Rietveld re-
finement of X-Ray diffraction patterns. The samples have been arranged according to increasing glass content. Min-
eral abbreviations according to Whitney and Evans (American Mineralogist, 95, 185-187, 2010).

The melting phenomena of K-feldspar clasts provide important inferences on the melting be-
haviour of alkalifeldspar and the thermal conditions prevailing during production of the studied
Sue stoneware. The interpretation of the melting behaviour of K-feldspar can be based on the phase
relations in the feldspar ternary NaAlSi,0, (Albite) - KAISi,0, (Orthoclase) - CaAl,Si,0, (Anorthite),
although the compositions of the vitreous phase do not strictly match those of the ternary system
(Fig. 52; Ab-Or-An 3D-diagram and 2D representations of phase relations). The observations, mi-
cro-chemical data and phase relations support the following conclusions:

(1) Alkali feldspar clasts did not melt via the incongruent reaction K-feldspar<sLeucite + Liquid
(Fig. 52A).

(2) Melting was initiated by diffusional K-Na exchange with the ceramic matrix, thereby chang-
ing the pristine alkali feldspar compositions (Oryy 4,Ab,, ,,An, ;) towards the composition of the ther-
mal minimum (Or,,Ab,,) in the Ab-Or binary system (Fig. 52B). Melting affected exclusively the sodic
feldspar domains (Org, 5,Ab., ,sAn, ;). Temperatures of melting are bracketed between 1075-1100 °C.

(3) with rising temperature, the melting front advanced into the clasts interior. Melting reac-
tions changed from congruent to incongruent (Fig. 52C, left and middle pseudobinary sections).

(4) Melt domains experienced bi-directional diffusional exchange of interframework cations
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with the melted ceramic matrix, viz. gain of Ca+Fe+Mg and concomitant loss of K+Na (Plate 20),
while the Al-Si framework remained largely unaffected.

Quartz

Quartz clasts show angular to subrounded shapes in the low-fired sherds, but attain rounded sur-
faces in the high-fired sherds, indicating their partial dissolution by the matrix melt. Microscopic
examination corroborated by the XRD-data indicate a substantial modal decrease from ca. 50-40% in
the least vitrified sherds to 25-40% in moderately to highly vitrified sherds, and 10-20 % in the most
vitrified sherd (Tables 13, 14, Fig. 53). Larger grains show subgrain structures and fractures which
we attribute to the thermal stress experienced by the mineral. Although XRD-analysis indicates the
presence of cristobalite in the moderately to highly vitreous samples (Table 14, Fig. 53), the micro-
scopic examination did not find evidence for a polymorphic transformation of the quartz clasts.

2.3 Bulk mineralogy

Rietveld refinement data of X-Ray diffraction patterns on powdered samples provide bulk modal
compositions of the sherds (Table 14, Fig. 53). By comparison with the microscopically observed
mineralogy of coarse to fine particles, however, information on the composition of the micro-
crystalline ceramic matrix can be extracted. Matching with the microscopy observations, the bulk
mineralogy data show widely varying proportions of the glass phase reflecting the strongly varying
intensity of vitrification. The inverse correlation with the modal abundances of quartz and to some
extent also feldspar evidences the participation of these phases in the melting reactions. Intensely
vitrified sherds are essentially made up of residual quartz clasts set in a vitreous phase embedding
abundant 3:2 mullite, and only minor 2:1 mullite and cristobalite. In contrast, the bulk mineralogy
of feebly vitrified sherds is dominated by quartz and feldspar clasts and significant modal contents
of chlorite and muscovite/illite, and thus is reminiscent of the green body mineralogy. The fact that
cristobalite has formed in feebly to strongly vitrified samples suggests that the degree of vitrifica-
tion reflects variable times of exposure to high temperature (1000-1100 °C) rather than temperature
gradients in the kilns.

3. Bulk chemistry: Major and trace element characteristics

The XRF data of the major elements (Table 15) show a very similar element composition in the
sherds (A1-A22) without any outliers. Like the earthenware sherds from an earlier site in the same
region (Shinoto & Hoffbauer 2000, &% & v 77377 77— 2000), the present sherds with CaO con-
tents less than 1 weight percent belong to the calcium-poor ceramic ware (Fig. 54).

A multi-element diagram (Fig. 55) shows the major element abundances of the sherds normal-
ized to a recent sediment (soil, R10), possibly a clay, taken near the kiln find of March 2014. The dia-
gram illustrates the percentage deviation of the sherds as compared with sample R10.

The raw materials of the sherds were sediments with a portion of clay minerals. The weather-
ing of bedrocks produces sediments, and during this process, the concentration of elements may
change. Elements enter into solution, can be removed or react to new minerals with increasing lev-
el of weathering. Thus, feldspar reacts to the clay mineral kaolinite, and the ratio of Si0,/Al0, de-
creases from 6 to 2. Potassium, and sodium in particular, enter into solution and will be lost for the
system. The Si0,/Al,0,-K,0/Na,0 diagram (Fig. 56) shows a clear difference between the sherds (A1-
A22) and samples from recent soils and rocks collected in the site and excavation area (A27, A28, R1,
R3-R6, R9, R10). The raw material of the sherds appears to be from soil horizons which underwent
weathering processes that had gone further than those of the soil and rock samples in this study.
The Al,0,-Na,0 diagram also illustrates these differences; this diagram also shows that the division
of sherds by the archaeologists is not supported by the data (Fig. 57a), but the grouping from Sterba
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Fig. 54: Calcium poor pottery from Nakadake Sanroku and site from the earlier Kofun period in the same region,
which is tempered with different fractions of nearby coastal sand.
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Fig. 55: Major element abundances in sherds, normalized to a recent sediment sample (R10) from the Nakadake
Sanroku site.

by Neutron activation analysis is reasonable (Fig. 57b; data from this volume (Sterba 2015) )in this
context as well.

The samples A23-A26, probably parts of kilns, differ slightly from the sherds, mainly showing
higher values of iron content (Fig. 58). In line with this, the clay and rock samples (R1-R6, R9-R10)
taken 2014 near the kiln find show higher Fe,0, data. This suggests that either the material of the
sherds stems from another soil horizon, or the clay was treated, for example levigated and watered.
That is supported by the Fe,0,-TiO, diagram (Fig. 59), where parts of kiln walls and recent sediments
(A23-A26, R-samples) form a line, while the sherds scatter within an ironless field. The diagram of
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Fig. 57 a,b: The samples show a great variance in the content of aluminium, which may point to different soil
horizons. The recent soils vary about 5wt% in the area poorer in AlL0,, the sherds about 8wt% in the Al,0,-richer
area. The archaeological grouping is not supported by these data (a), but the grouping from Sterba (2015) by Neu-
tron activation analysis is reasonable (b).
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Fig. 58: Slightly higher contents of Fe,0, in soil and potential kiln fragments may indicate processing of raw materi-
al for the Sue ware, if clay was not taken from a different soil horizon. Numbers show weight percentage in a system

of three components.
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Fig. 59: Continuous distribution of samples from soil, kiln and rock from the site in an iron rich region as compared
to the cluster of Sue ware sherds, separating in a less iron rich region. This distribution may show the result of raw

material processing like levigation or other techniques.
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Fig. 60: Accumulation of Zirconium, separating Sue sherds from soil, potter's clay and kiln fragments, may be an

indication for processing of raw materials by elutriation or other means.
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the trace elements chromium and zirconium (Fig. 60) shows a higher content of zirconium for the
sherds. Zirconium, incorporated in heavy minerals, accumulates in the dense clay by the process of
elutriation.
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Table 14: Modal abundances (wt%) of mineral phases in Sue ware sherds as determined by Rietveld refinement of

X-Ray diffraction patterns

Quartz Afs Pl Ms+I1 Chl Spl Crs Ab-high  2:1-Mul  3:2-Mul Wo Glass

A-1 48 20 4 12 0 0 3 0 0 0 0 13
A-2 36 4 0 0 0 0 1 0 2 20 0 37
A-3 47 30 0 0 0 0 3 0 7 13 0 1

A-4 29 0 0 0 0 0 1 0 3 32 0 36
A-5 41 18 0 0 0 7 3 0 0 15 1 15
A-7 9 0 0 0 0 0 1 0 2 29 0 60
A-8 30 0 0 0 0 0 2 0 1 19 0 48
A9 29 0 0 0 0 0 5 1 0 18 0 47
A-10 34 0 0 0 0 0 1 0 1 21 0 43
A-11 32 0 0 0 0 0 4 0 0 18 0 46
A-12 37 0 0 0 0 0 0 0 1 16 0 46
A-13 34 0 0 0 0 0 7 0 1 18 0 40
A-14 25 0 0 0 0 0 4 0 3 22 0 45
A-15 40 5 0 0 0 5 2 0 2 23 0 25
A-16 40 1 0 0 0 5 1 0 1 16 0 35
A-17 21 0 0 0 0 0 0 0 6 25 0 48
A-19 27 0 0 0 0 0 5 0 5 21 0 41
A-20 19 0 0 0 0 0 4 0 1 24 0 52
A-21 30 0 0 0 0 0 0 0 8 14 0 47
A-22 36 0 0 0 0 0 7 10 2 19 0 26
A-23 42 0 0 0 0 7 7 0 0 0 0 44
A-24 40 3 0 0 0 12 0 0 10 0 0 35
A-25 52 4 0 0 0 11 5 0 15 0 0 14
A-26 55 0 0 0 0 9 0 14 9 0 0 14
A-27 43 23 11 14 9 0 0 0 0 0 0 2

A-28 47 25 4 16 9 0 0 0 0 0 1
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+Pol, 2-plate

Plate 16: Transmitted light scans of polished thin sections of Sue ware sherds from the 9th to 10th century Nakada-
ke Sanroku kiln site. Photomicrographs along traverses through the sherds provide closer views of the fabric. Imag-
es were taken in three different modes: plane polarized light (PPL), crossed polarizers (+Pol), and crossed polarizers
with inserted 1sr-order plate (+Pol, lambda-plate). (1/3)
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+Pol,i-plate

Plate 16 (2/3)
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+Pol , d-plate

-

+Pol , Aeplate

Plate 16 (3/3)
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Plate 17: Photomicrographs of representative ceramic matrix domains in Sue ware sherds. The strongly vitrified
matrices of high-fired sherds contain in varying abundance elongate pores which are more or less well aligned
parallel to the walls of the sherds and represent sintered and sealed former shrinking pores of the green body.
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Numerous minute vesicles trapped fluids that were released during vitrification of the ceramic body. These vesicles
do not occur in the feebly vitrified sherds. Plane polarized light; height of views = 0.70 mm.
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Plate 18: Photomicrographs of plagioclase clasts in sherds of Sue ware. (1/3)
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Plate 18 (3/3)
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Plate 19 (2/3)
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Plate 20 A-B: (A) X-Ray maps and concentration profile of incipiently melted K-feldspar clast in feebly vitrified Sue
ware (sherd A-5). (B) X-Ray maps and concentration profile of incipiently melted K-feldspar clast in feebly vitrified
Sue ware (sherd A-4).
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Plate 20 C-D: (C) X-Ray maps and concentration profile of largely melted K-feldspar clast in highly vitrified Sue
ware (sherd A-12). (D) X-Ray maps and concentration profile of completely melted K-feldspar clast in highly vitri-
fied Sue ware (sherd A-11).
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2000), V7 ¥/ by 50T, BN LM T ORIREIS S X TIL AT &, EEE I THRILL
TR & DL B, AR, #REEICIE Uz R v TR e o0 TR T RabNTw3, &, i
FIMEAR OB TIE, 2 A OREHFIPRIETEERD SHEH LML - ME LEROEMMEAMIC OV TE R L T
% ($#7712012b),

JAERR LA RO TRfigsld, ZEHEIRE E@mEMK TR AL, MRS RIEL TR T ERZ W, i
K ZHIET 2 L I3RETH B L EA D NS, ZEYNLADEED 5+ Ule LRIgROE AN, 4 LR
H, B i, 2SR OMEZHENT 55 A TE, MHNDFNMND L2350 E LIEW,

Z T T, ARETEHIEZEMREORBEOEY T+ U7 RO LR OS2 592id 5 2 & T, kA
FRODAEFE - TUEARZIBIET % L L BIC, BAMPPERGRE, HEEENED R L OBRICONTE SN DD,
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. 4.2 5Hi)iik:
ARSI, PEZEPOEREDR X D E AN AT S % 25U EE & R s e H A U7z L Aligs 2 b D%t

Table 16 /3HixGD 1%

TR No. e TR No. R

SR 18 SHBO1D-28 ki# AliRA 7R 5 JE®ALI 108
6157

SR 19 SHBOICD-21 ki GilEiRaelss| 6 /AL 41660
7587

AEhARH 1 JvAL GilEiLaelss| 7 JESM TI8 I

AEhARH 2 JEAL AiEAARH 8 JEALI 21357

ANGAZR 3 JEAL ANGAZR 9  JERALI 24263

AR H 4 JRAL AR H 10 /v ALI 21329
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K& Ulco HCIZEERBERRR A ORCEMEZ e, nfmdkld, Lo L TIWmich-> Ty, £
ZWHE LI, ATA FT T ACHASEUIEL 0.03mm OES O ZIER L, FCHEMEE TS ZiT-> 7.
PHRL > K02 0.1mm HZD Xy 2 2 Z8GE L, 100 f5 N Crtlln e EE iz RA >V b - Ao v 74 2 7k
I &> THRF300 sUCES 2 X TRHIIL, Sz 72 7R Uie (Fig 61D, i, fgkBloA S35k
HICHFENBE T DB ZD, HIDH UKD DODZ WO AR TIEFIIN S/ LTV 5,

L 4.3 bR

IHRROLERE, Table 16 IRLIcLED TH S, ZHEEH & HEIPHE TH L&, wIht
VIR D575 2 DR Lo LERNEEN L T e MRS N7z (Table 17 - Fig. 61),
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Table 17 ZJ5UEE - JGAF HEPHE 2 OFEYHIR

R

Al /

A N T 7w VT

4 & L2 =z zom f B 5 B o7 % & o0 #m

e E BB AR OR A F 7 B oE o8 OH

W

ZIF 18 119 27 146 1 0 1 0 0 5 0 1 0 0 0
S 19 40 13 71 0 0 0 2 1 0 9 164 0 0 0 0
ARG 1 101 26 116 0 0 0 1 2 0 6 45 0 0 3 0
ARG 2 107 24 162 0 2 0 0 0 0 5 0 0 0 0 0
AR 3 31 33 26 0 1 0 1 0 0 6 199 0 0 3 0
ARAAEH 4 153 12 125 4 0 0 0 0 0 4 2 0 0 0 0
RG%EH 5 49 46 49 2 0 0 0 4 0 3 142 0 0 5 0
AEARH 6 53 67 68 1 0 1 2 1 1 4 98 0 1 3 0
AREARE 7 49 47 69 1 0 0 2 8 0 6 118 0 0 0 0
ARRLRH 8 125 5 166 0 0 0 0 0 0 1 0 0 3 0 0
AREAZRE 9 36 56 47 1 2 1 1 1 0 3 151 0 0 1 0
WA 10 107 25 157 2 1 0 1 0 0 3 2 0 0 1 1

Enz,

AR HEPNC DWW T, FRICHEBOIYHEDSHER S NS, KIS Aa EXIEEMNIEE A LS E
NY, AEPEAENTOE RS EMERICHRT B2 DD, No.2, No4, No8, No.l0 BEF5N5,
No.8icld, feaicHkEASND i « RODVEE LIMIEOK ¥R EN%, Nod & 101, BRERDE
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—J7, KIS Al EQAMEYNC Hik 9% LHEI S N, BOEZ I T L 26000 a, ZlEvaR
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5N%, No.3 & 51cid, wEPEak RIS NS, 72720, No3ITIEHER, No.b ICIZBERORME
K& END, KIUA T A E R Z EhE LDDY, {EMaficHRT shrbaxn, EHORE5
EADHEL H TIN5,

Bd, FIRBIE U2 s & LA P ERER O 5 B, ZJ5D No.18 & llii/iZRH No.2 TI3AEHIC Y
Yo b7k EWMIR LI D LR R AE S 50, DI EE O AT AR 5B, AT AbE, &iRiced
755 R LD 7] 5 Ae7e e S 2 eEkilis EOWENEZEN TS5, 900CH5 1100 CHETHALNS
(Rice1987), ARG T L7z Liligsld, AP EA, AOIMDERFELTEY, L740 MMal 1100CZHBA iR
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900 CHEETHEM E NI AIREMEZRUE L TR E T2, Ko, AN Imm ZiE A 5 WALV 7E S TR R
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Ri+ & OB OFTIFODENIASNE, LIchi> T, RMEIMCBIL T, FEEERRE TR 5 2 DEMA &
ENTAREMEE H 2 DD, BEEWEGK F2EE 0 TIEAES, EARMITEIEIU 7B BRES THRIDERILE
FEMTONI LHEIE NS,

L 4.4 &%

PLEDORHHERZE LI, B TOBEREITVIZW, ZHENE #EAHET T, WINEEBOIYHRDE
WENBTehb, LHROWEME UTEROEO TIMRAL, HEINEHNETNS, KE{AdL, {E
G EHONRKENZHEBCEICHRT a1 &, KUEEYICHK T BT L 0 2 FEIC /2, P 2 FE
DRZLHZMED TV FEFBIAZT NI LT NS,

INSDEIZZMEDLEIECDOWT, MRORER, SUYEHIZBLURTRRE TERVD, fERak EWREIC
HR 9 22ROl LICBIL T, ZHEUEYE - SREARHEPOTEd 2R TRIFE Nz L ThuL, A
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BIC, RIEERLRRE R E L0409 % s T ORI O W REME 25797, P HE R Z B < it S Hugr ko2
AR, PEEEESMETEZ <ML TERD, BHAPEEOMIDHE, kT, f56, MSEH7ZZ ETHEEE NS
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B0, ARETH LI ZFEY - SR HESONHIcE, MUEEYICHR T 2R F3MRE N5 00, Ui
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NIEW, 722U, Lhhds & JUERR O AHRO IR E BT T, FHRBEZHRD T BEDNDH 5 5,

SCHK

o 2012a T BICHBT 2 EREEIC OV TO PR NHES L oS a2 b—) TEREE)
42 1 69-76

S TEE T 2012b TR DRRMEAR OGN Z A OHEB X CEYERER & DHRZED S UT—) DFK 25 (FEERBIRE 1

=ibFl— 1983 TR EROEMEEL) Za—T A2 At

SiRl 2013 THILWLREROB L) AL

KEE 5 1990 TERA T K OHZECAED TSR OME pp. 50-56 MR SRMEXREZA S

Rice, P. M. 1987 Pottery Analysis: A Sourcebook. Chicago: University of Chicago Press.

/P MRy TNT7— R 2000 [EEY BRI RS EGEERO B K2R O ARIRFTL ) TABSEIIZE) 12 1 91-104
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III.5 Report of the X-ray examinations and sampling extraction
from a kiln wall

English summary of the protocol in German from 24 September 2014 by
M. Shinoto

Holger Becker, Georg Hartke, Ute Knipprath

Introduction

The sample arrived on the 20 August 2014 at the LVR-Landesmuseum Bonn in fresh condition; there
were no signs of damage from transport or microbial contamination. As a result of a consultation
between G. Hartke (restorer at the museum), U. Knipprath (head of restoration at the museum) and
R. Hoffbauer (mineralogist, Bonn University) it was decided to examine the sample as a whole under
the X-ray device of the museum and proceed according to these findings with exposure of the kiln
wall and sample extraction.

Radiological examination

The radiological examinations were conducted by H. Becker, restorer at the LVR-Museum at the
museum’s radiological laboratory. It offers 5-225 KV, a maximum tube current of 50 mA, and a
maximum tube power of 1600 W. The object under investigation can be positioned variably, and the
direction of the radiation beam can be adjusted up to 60°. The whole process can be observed on a
video monitor and is recorded on a computer with image processing software.

The orientation of the object (outer and inner side) had to be decided for radiological investiga-
tion of the yet unpacked object; height, width, and depth were then measured as 10cm, 15cm, 15¢cm
respectively. The view from top down produced best results with 40 KV, 15 mA, while the view from
the sides needed 60 KV, 10 mA.

Main results can be summarized as follows:

«  Seen from top, several layers seem to cover each other.

«  Aview from the side exposes a line dividing the cross section of the kiln wall into a darker
inner section and a lighter outer section.

+  Larger cavities - remains of organic structure that might have been used for the kiln con-
struction - could not be detected.

+ A view from the side showed shadows that resemble the form of a layered arc, presumably
the form of the kiln wall/ceiling.

Exposure and extraction of samples

Exposure and extraction of smaller samples was conducted by G. Hartke; the whole process was re-
corded on a map taken from the radiological images, verbal descriptions and photographs according
to the “Rheinisches Stellensystem”. The main results of the observation are as follows.
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X-ray examinations and sample extraction from a kiln wall or ceiling

Qwalitin )
LH-Larden
Priter Maly

Fig. 66: X-ray image from top
to bottom; various layers cover
each other (40 KV/15 mA).

Fig. 67: X-ray image from the
side; the dark regions on the
inner side indicate hard material
and higher density; the arrow
shows the dividing line (60 kv/
10 mA).

DadlAil bar Menstem
L L b s
Bl Mg vk

Fig. 68: Layered shadows pre-
Fragmant Ofsmaren sumably following the arc of the
dapan wall or ceiling (60 kV/ 10mA).
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X-ray examinations and sample extraction from a kiln wall or ceiling

Fig. 69: The sample at the beginning of the ex-  Fig. 70: Traces of organic matter used as temper.
posure process. Separation of the darker inner
layers (left) and the lighter outer layers (right).

+  The outer layers show a light reddish to brown colour, they are soft and unconsolidated.
+  To the inner side the layers become darker, brown and slightly harder. Their colours change
to greyish brown in dry state.
¢+  These layers hold organic temper material, presumably straw or grass chaff.
¢ No orientation or structur of the organic matter can be observed.
+  Layers get darker and harder the closer they come to the inner side of the kiln wall.
«  About 8.5-9.5 cm from the outside the sample is so hard that it can only be treated with
hammer and knife when in dry state.
+ At the inner side, about 11-12cm from the outside, an extremely hard, black layer of
slag existed.
+  The increasing hardness of the layers may be the result of increasing vitrification.
+ In contrast to the radiological observation, the layers feel like a continuum rather than
several distinct layers.
+  Ifthere are distinct layers, traces may be found in one specific sample (sk13P6).
¢+ The traces of organic matter vary from the outside to the inside:
+  Plant remains - hollow spaces - carbonized remains.
+  Among other samples, one sample (6P2) was taken from the plant remains.

Closing remarks

The examinations were finished on 23 September 2014; remains of the kiln wall sample, the extract-
ed samples and the records were handed over to R. Hoffbauer in order to proceed with mineralogi-
cal analyses.

The report lists several measures for collecting and preserving further samples in the course of
following excavations, and recommendations concerning sampling and sample size for radiological
examinations.
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2 aRlEiik
RFEIC, PRI O & nile] - GEES K OHIEEZ RS,
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4 Rk
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LIRS 35U 2 O PERGREAIAE

CALIBRATION OF RADIOCARBON AGE TO CALENDAR YEARS

(Variables: C13/C12 = -24.6 ofoc : lab. mult = 1)
Laboratory number Beta-402452
Conventional radiocarbon age 1180 + 30 BP
2 Sigma calibrated result Cal AD 770 to 900 (Cal BP 1180 1o 1050)

#5% probability Cal AD 925 to 945 (Cal BP 1025 1o 1005)

Interrcept of radiocarban age with calibration curve Cal AD Ta0 (Cal BP 1170)
Cal AD TBS (Cal BP 1165)
Cal AD 88D (Cal BP 1070)

1 Sigrma cabirated rosults Cal AD 775 to BE0 (Cal BF 1175 to 10600
B85 probability

B HA -
1300 1180 + A0 £iF T r : . | £ 1.-.H':=¥rl‘! MATEF!AL

Radiocarbon age (BP)
I

Cal AD

Fig.71

Database used
INTCAL1S

References
Mathematics used for eatibration scenarks
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Summary of the excavation and related research on a
Sue ware kiln site cluster in Nakadake Sanroku,
South Japan, 2013-2015

N. Nakamura, M. Shinoto

The Nakadake Sanroku kiln site cluster is situated in Kinp6 Hanaze, Minami Satsuma City at the west
coast of the Satsuma peninsula in Kagoshima prefecture. A number of more than 30 kiln remains is
estimated to exist up to today, being spread over five kiln subclusters in the hills of Nakadake San-
roku close to the lower reaches of the Manose river. The kilns are thought to have been used from
the middle of the 9th century on, in order to supply the provincial administration (kokufu) and state
temple (kokubuniji); thus being under political control.

On the other hand, from provenance studies based on XRF analyses there is evidence that Sue
ware from Nakadake Sanroku is distributed in a wide area as far as the Rytkyt islands. Since the
area south of Amami Oshima was not part of the ancient Japanese state, and since the lower reaches
of the Manose river have been central in the exchange with the Rytkyt islands since prehistoric
times, it may well be that from the outset there was the idea to exchange goods with the south.
Therefore, studying the distribution of Sue ware from Nakadake Sanroku is important to under-
stand the character of the territory of the ancient Japanese state.

Unfortunately, since the discovery of the kiln cluster site more than 30 years ago, no excavation
has taken place, therefore the size of the whole kiln cluster, the period it was in operation, the con-
struction of the kilns as well as the different kinds of products are yet not well understood. In April
2012, the authors conducted a prospection in the area of the Arahira subclusters 1 and 2 in the Na-
kadake kiln site cluster, during which a large amount of Sue ware sherds were found - among other
finds and earth layers that are interpreted as debris clusters from Sue firing (haibara). The findings
in subcluster 1 seem to be severely damaged by a river and other factors, such that its preservation
state is quite bad. On the other hand, the situation in subcluster 2 seems to be good. From 27 Febru-
ary until 7 March 2014, a first excavation took place in the Arahira subcluster 2.

First, finds from the surface in the site area Arahira subcluster 2 were collected, followed by ra-
dar prospection. As a result, eight trenches were opened (trench A-H). Since most finds concentrat-
ed on the western slope of the valley, trenches were mainly set in the western area, and in trench F
the part of a kiln was unearthed. In nearly 1.5m depth it had been dug out of the bedrock with about
1.5m width. The ceiling had collapsed, but it is most likely that only the lower part was dug into the
earth, while the ceiling had been constructed on top (han chika type). In trench C, about 2.5m below
trench F, sherds of Sue ware, burned lumps of earth or clay, and carbonized matter were found in
concentration, therefore it may be part of a haibara. Radiocarbon dating of one of these items gave
Cal AD 775-890 (10).

Finds unearthed during the campaign are mainly Sue ware sherds and burned earthen lumps.
Pots and jars are the only vessel forms, no form used for service was found. From a typological point
of view, the sherds date to the later half of the 9th century. Furthermore, the upper layer in trench
H in the northern neighbourhood of trench F where the kiln remains were found, contained many
more finds. Since the trenches are part of a slope, these finds may have accumulated in trench F and
H when they sloped down from a higher level, where a kiln, haibara or other remains may still exist.
As they accumulated on top of the kiln already found, they should be of later origin, and we assume
that on the western slope alone several kilns still exist.

Archaeometrical studies mainly dealt with the problem of raw materials and their preparation,
kiln construction, and the identification of Sue ware in external sites. They produced first answers
and revealed various questions and appropriate methods for further research.
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Summary of the excavation and related studies on Nakadake Sanroku kiln site cluster

For provenance studies of pottery, the application of Neutron Activation Analysis has become
standard in Western research. NAA analysis of sherds from Nakadake Sanroku site was meant to
unveil a “chemical fingerprint” of the pottery, and analysis of sherds found on the Rytkyt islands
was conducted to find matches with this fingerprint. The analysis of sherds from Nakadake Sanroku
produced several groups, which may hint to several workshops in the kiln cluster or other reasons
for differentiation in raw material selection or preparation. Some of the sherds from the Rytkyts fit
to NAA group 04 from Nakadake Sanroku. In future studies, we hope to analyse a larger number of
sherds to establish a reasonable set of “fingerprints” for provenance studies and to study the char-
acter of the group variation in Nakadake Sanroku.

Mineralogical studies covered prospection of the site and the typical set of methods from XRF,
XRD for sherds, samples from soil and parts of kilns, SEM and several methods of analysis of thin
sections of the sherds. A potter who still uses clay from the same region inspected layers around the
kiln and tested soil samples, particularly drying and firing samples from the soil around the above
mentioned kiln in order to understand the heat resistance of the layer. A part of the kiln unearthed
during the excavation was studied under X-ray and prepared for further mineralogical studies. A
combination of the various analyses revealed results that can be utilized for future research design
as well as they are interesting for themselves. They can be summarized as follows.

The soil in the vicinity of the kilns shows a ubiquitious yellow layer with clusters of rock and soil
in different stages of weathering, most advanced weathering producing clay that is close to what
should have been the raw material for the Sue ware. This raw material was probably elutriated and
treated in several ways to increase its plasticity, thus separating the characteristics of the sherds
significantly from the raw materials. Kilns seem to be made from the same, yet unprepared soil with
large amounts of organic temper; shadows of layers of soil on the kiln wall from X-ray investigation
still need to be verified by mineralogical methods. The kiln was dug into a layer with high heat re-
sistance, which may show that the kiln location was intentionally chosen not only due to availabil-
ity of resources like wood and clay, but also for its suitability during firing. All sherds show traces
of high temperature (Cristobalite, 1050-1150°C), but clearly, the time they were exposed to these
temperatures varied significantly, thus showing the level of control over firing conditions. Since the
above mentioned layer with soil clusters suitable for pottery firing is ubiquitous, the earthenware
from neighbouring sites that resembles the Sue ware fired with low temperatures may have been
made with clay from the same layer. Still, locales for collection and not at least the preparation of
the clay presumably differed, thus resulting in different mineralogical characteristics. Pursuing
the idea of information exchange between the groups is worth further studies; Neutron Activation
Analysis as well as mineralogical methods offer opportunities in the future. Furthermore, studies of
the distribution of Sue ware from Nakadake Sanroku to the South should produce fine grained re-
sults in the future.

122



s I 2R R E D WFSE
Studies on the Nakadake Sanroku Kiln Site Cluster
201543 H
March 2015

T L IR T g
Edited by N. Nakamura and M. Shinoto

eI B ERAM e A > 2 —
T 890-8580 JEWLENAC— TH 21-24
Published by the Research Center for Archaeology, Kagoshima University

Korimoto 1-21-24, Kagoshima
890-8580, Japan

IR BRAtl SIHEI
T 890-0055 Y LIRS 55-1













	空白ページ
	空白ページ

