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S AR, B {w@%%ma@aw\% BIZONTHENTAREN, FREFTHTTHIER
D, R REEBER L, BBICES YR ERSTIENTES, {PAXT 2L FLOA ?émé.\m

INDFHICNE. FTHEENTEIND AL ND D, A O IL, BT QENIBWAR. IxBin
DLBTVEFHC kAT DRL B D, U, 200K EFHFERELESZEOAY v REF AT v RzDW
TR THZN,

1 aMEHEDOHR (2 ??m'ic‘ AR Tk AT BEE
Ak
LR DN ﬁ\ﬂfblf:é'%“?::?\ SO RIE, 30cmEEED VTS NTHED., A FTOH At 210cm &



ML 77 - >— L% F BB 22 RS 51

2%, ?‘ ETE O AOHE INH 136cm THDH I NS, a DI D -I1T3 ZRIaET. T T RAN—-
ANER TIN5,
%‘_\7";%'75“5 NN TIRANR—ANERTE S,
BHEERCBICE S ZENTED,
FAUw b
B RED LN D& BEOAR ABENTLES, CO58. TL0Y ROk Tl >4 hib 5,

2) WHEARD I Ik TEEE

AU b
LHDETO® #E5 T EMNTEEERD,
FAY w ko

bW EDHEO - L:%;.'\ #E <L, AP ETO s X E#EATERN,
ESE DT OENDBRE 0 HHE D T EITRD.

BBzl 350, H2VEARTE, kAl 3250 20T, F220 T2 ENE 3 L
3%,

(6) 2N iﬁé

H2 3F bOW, ZFBTY HIENTESRPOIIY, FHOEIF2ZEGHIIT THIEFHETH S
o RONERELNBROLDOD, FHAORGTEMEIIHF SR E T, IS 0T 2H<T e
MTEe, TEAFAE DQEIFBIIONTHRERF 22T THIENTE L, ST T HOREOFP 2
TERIEBFEFTHELRTH /e, LGP 2H 022 LT, 5 THRGBHICHTHHP &2k 5 2
ENTE, FTHOHBHOFBIIONWTERFT TL I M aesno .,

Guae=)

1) A2 27 o)V bAOIFEP . & ORI 250 (5 i 2010).

2) 2009 f# 8 PICfio/® 19 HP ORGEAEIITHL TI U™ 2% (it 2010),

3) L. ZOT IR —ITWEEAINEENTVNS D, ENOLT I TERNHAEZEND 2,

4) AT YT, B 22.90C 725 35.90C (29.70C) . FIVHILF: 21% 715 89% (53.4%) TH o/, TDi INKT
DA A7 o)V FEIZBIT 25 5 L3 25 % (AL 2010),

5) ZOEFIZONTIE, WHHE T HHEOH L, TV N0 ¥ OBHFAARAIN - TIHT - TT5 v IT—hh 57,
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3. 77+ L=V EBABIBI B P AR T o )b MAFIE M oF @
BEUAPIRL W 231 F O FRFAD
(1) ZC®IC

2012 §# 9 @3@@1\ 2009 f IZh bfzA > AF T o)V RAFID YR (55 2010) o9 G &
2004 I DNAPRE Y 2 FALT VF (2 2008) OF [T %%3%3697’:0 1 AFT )b bAFY
SONBoa @R E. A EL TR OFRPOFENEERE LD SRV, ¥ OB LAEE ALK
FLBOTWD, TTaNk hid, ZnEhofirT, $ET c_gww_:;?wauf?ﬁ»w:o
B, RFEFOT L2 Ll EICX0FEEY ORTHRRI"SN, L2 N U5#ER > EICXDR
PP et e 23H D SN Y, 4 OFE T, 3 OFE 2V TRALLDT, % 0¥s (535
2010) LB DETHFATNLL S0, APREY 2HAL " FOFRPI AT EOTRWI R THO,
PRV LOATHPELTHPETETETH S,

(@) A2 AXT 2V PAFIE FOUEBLURRLY 0% E

O% 145 “F CEETP E 10 + 253) (Figs.43, 44)

NLTHOD, I—Dy/GEONEERA, SEBBOEY EVWIKR L RRLEATATIE, s O aek
DHEBV, L, ETF I WEET~9RELEN, RS OYURRELTLE OR E/Mh5 10425
REWEL,

FTLOFEMNEFEDE TR DT, 4 FOFIYRITINATH S (Figdd), HEF 0w T TIE, i34
[EDFEF M DM ST, KSIE > TWehh 286 L, 205603 ENETTE, REETE o8-
EZhiof. TDmed, TSHEDQAHANTHL TNWHIEMWRLL, ZOLSHEI, ARIOTLELD &,
M:O)’ﬁ%\vb:%ﬁ%émfbiof:ﬁl'ﬁt"’ébf@éo guth B L AR LTINS EE 2R LY, 7
FEf O TNES, WTE S FAENFE L TN ERrE Nz,

P G@%)®ﬁ31 W%MF/54INV/%J%ﬁHLf@ P F ST T NERR
DEHIE HEP LTz, 2L, FERICR B EES Y TADT 428 370 LR L 1,

@% 2% “F (B5~40 DY) (Figs.46, 47)
PRI FVETHD, -0 y)GEOREEATEVND AT, a1t Digdnes T  UThH D, § wid, sl
VREDEHI NS AW LT LA, IR SICAEY 20 B~ FELET L, FRIT. B
158 ~ 169cm & Lz, 2B 13¥ 3 & LT 163cm &AL 7z,
MO EER L, ABEENLDOND, L SRR DRE o AT THN, B T Loh bR
TENT,
Pk Dn PR PRI D S T EMTE . b, ARG AT BOBEEZS N E L, BEN
SNEhoTee T, LONTYEFERERESTETAS, FRFOWRENL SN, FHEN EOHETEZNNE
N7z (Fig.48), LW &L TIE, 4 ¥ 09 SHAFih 23" 4%%5%@%%&%@ L 57z (Fig.49),
TZIREI EFHORBROT, T OEETHRB LA ERHROCH S TR B LD, H20IFE
HIZHER? DNERIITmboedIlh i LizsF A 5N 5,

S

g
&

O
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Fig43 A AF7 )L RAFIZ %15 MF (ML 10+£255) @
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IS hyage W %164

Figdd A AFT7 )V RAFYE 15 VH (ML 105255) OrBRRE



ML 77 - >— L% F BB 22 RS 55

Fig.45 %5 1 5O MM IZ I 1T 5 RIE D%

ZoEADKEE T 55 Y13, “’Ei:%‘?_%*ﬁnoa Ow/)tEhanTniz, 5, ?]3;'—*@ (] 5b@}sﬁ_’3ﬂ\
W Hir L LT, FORDISC 3 (Jantz and Ousley 2005) %R W T, HED 30 § % O7/anTEDME AT b
FREFENZ SR LTz, 12788k %2R WT 288 % THMlzigh, TORAICEHEBEWNE ¥ i3, 2lo Ty 7 b
NYIE ] En O & T,

Fo, MREETFOFEEMSIEREY 2T T HHELT, 2 A2 NUE (n=43), IO /NET AY
ANV (n=50), TTUNAZTAUN MU (n=50) MEXHWNAEZFH L, 2EANINSDIFEF DD
b ENIT Lfiiéi)iéﬁbto 5ARICKDmATIE. Y7UNATAYN N VEIZHENEWN I AN
Fizz (Figh0), INo2RETHE, 25 "B OIEEGEY IS OIS NV VY E0T 58, 77
U AR yﬁiéﬁ*ﬁflﬂéU"E]Z"ﬁﬁi&sét;uf;@“@fohyi'ﬁ%550

@34 “H (0K~ 20 g DY) (Figs5l, 52)
FRBEVYETHO, T TR0 EETE TR, 9% OREmELD DAV, HEF R, T
20 A E L7et, 4% eS0T 10 o155 ~ 20 o o & Ui, SRId. %% 13 160 ~ 166cm &
S5 Ui, 413 164em & L7z,

VO EIRY T ORENHD, WS O- B, 4
EhaIE S,

% PR B 1T B B AR ORAIR, S 3E T TR AN DTN, B R I S 0D LA
LEWEns (Fig53), %2 § Of 2 MEBOHH® I MAKL <, £ F 2R XS RRETHFENE
Z & &AL TN (Fig.54),

o

0

|

= o- 85 AF LR, D EEse 4 4



56 IV Ry W 516 4

ST OETIZHLTE, ZOBATHRE TEL SR ELTE, WA DO™KREF O I5BENS D5 LM
HWPR TERMNO, ZOReh, 2EADIEEL ¥IZY 7V R viE P Enk (Fig.50),

@% 45 B (10F= 1 ~20 7523 g2 DY # ) (Fig.55)

ROTHM2H W L EnDEail B L3R, il b 320 ®eE g L, B3 10 a5y ~
0o &Lz, R, 50 1% 180 ~ 186em & L=/, 4 13 183em & L 7z,

"EOE TS EDERL, P34, L SRho- B ARt b o- B APER . PP 6 A, AT L
B 3a. AERE 24, AT AR REMEAMRTINE,

PR ENE S LTI, 4 B RO W 3 B SR LEAL 2L b RO
HE DO TRF LGN FEEOLINVER T O ENH 5 EFEH L7z (Figh6), 4 K44 A ORI
i I BN EEH LN, 2RV N OO A DT O TRT Lz, B TIER<ERRAD
WHIENH D EFW L (Fig5T) . F IO ST, A H SRR OL E A S SR RS
No07T, -ﬁblﬁgﬂgfﬁl753753f7\9’Cblfca“él“ﬁ"?iﬁb’éé (Figs.58, 59).,

NERESIRFEHICHAG LTS, ARSI A LTS, O ADQHETF wmp 5WErd 5 & AR
AODE’}%A LTWSZEENS ATHDIENS, ARES DI RS F-O e NdH 5, A RES D8 K
- 75¥EHJ|3: TRW T ﬁE’E%'J A ZH TR NGV, AEATIEA 4 588 H HIRR 9925 LT

blétb‘f%ét&) FARDEY % L TN EDIMFHHTERN, A/ RITE A 2Z 00X dREh
HELTVDDT, VN2 ATHLRETHERFLZELDNDS (Flg.60)o

ZOEADOKERE YIX, gbid, WE S 0oEN 25 MV EENT A 0T -0y EEETL TN
oo L T AN (n=50), IO /NETAUL N E (n=50), YT UBFT AU A NG (n=50)
Dk 5Lk ZER WHHYWA 2L, B LAEZA, 2EAMII—Ov/UET RITHEDBFEVEN DG
L L7eole (Figsl),

OEFZE CEVARE S VIS JOF 2%
APAFT DIV REFALNT ORI ARTHD, TNSOKKEEUT OLIICHEDHL (Table 3), 41

DOIBETA AR T IV THDHEEENG HE WDIE, a0t DigFhe TARIZ, 25 "HThd,

Table3 B 0K &

fap =W Fa ETIR JER g™ ol
149 w5 10+25 w9 I—0v/Gh TaA DIV 2 ¥ad B W35 N EBFRERT
24 Y 35~40 163cm A—0 v )k HEE OB RN, ATY fcm\ﬁr]ﬁ EN oL Bt
34 Y% 15~25  164cm 77U HHE % SRR DRk g HE
4% §® 15~25  183cm I —Ow /%A% LR DR EEDHLVIE T E

4R OB BN, AORRES § PR




ML 77« >—)bo [R50 22 KA,

Figd6 (> ZAFx7z)LhAFIZ® 25 Vb (B5~40 DY) D
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IS hyage W %164

Figd7 A A7)V PEFIZ %25 “F G5~40 DOV ) OABRARKHE



Fig48 2% ‘B oW EFICLONIBHNY FAFTE L NTFUE

Fig.49
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Fig.50 %2 BRUE 35 “F O™ @M S O¥H A DT Kook 5

FE, TIURFRT AU NVE (O), - yIET AU NVE (+),

TANYE (L) OMRRAEFEFENSFE L)

Fig5l A XAFT7x)VRAEFIZ 35 “H (L0 HH ~20 o 5> OV %) O
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Fig52 > AF TV MALIT 3% M (W0 Re Y ~ 20 o an OV %) Ot g
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Fig53 &' 3% “H 7% HEEBESICLSNDH R GBS 4 T L2

Fig.54 3% “H 0% Jy § MEFUTL SN DH s R
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Fig55 (> A7 z)VMALIZ & 45 Vb Q0 R ~20 o &> 0F %)
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IUT IR WY %168

Fig56 & 45 "B D4 By ICLon2h %R (FEHH50IEH 4 H O A6 1)

Fig.57 %4 5 NBOLIEHIZR b5 IRK
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Fig.58 5 4 5 NH O&E Bkl / &h 2240 Fig.59 28 4 75 NH O 2B Hildis 12 L D 4L 2 B g

Fig.60 45 4 5 N O JF BRI S B 2 85 o PRk T

Fig.61 5 4 5 N OB Ak 2 o )R
CEBIRIZ, 77V ART AV AT (O), 3—m v SR7 AU B AT (+),
BARANZE (A) OMERSFHIEA S FHR L)
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% IUF R W %16 5

() APREY EFALNT VB O

TOAFAOAGELE L M IL2004 ST (307 2008) (2o THEP AL WEWLT T - AR
MIRENTVEN, FHOFEALTRPOLDIC, 25, 3K L, TORLE, 27 O fhe 1ZEs &
Tdh DN, %@@MCZE#éﬁTUBTC£%®§£@@d L:ﬁjj;t_‘@ "’5753\21’)‘@275\73753‘55,[;”5“7»:0 e
AOURNDHRET,

ORI YR
AK12-0705 & * 7 % (30 ~ 40 )
AK12-0763 & “ ¥ (20 ~ 40 ﬁi)
XL Fwyiane g) PL

@* gt D N E
AK12-0802 ML (4 + 1)
AK12-0803 'L (6 + 2 %)
AK12-0804 'L (10 + 27, ¥ % O EZE TH 1)
AK12-0805 ' (9 + 3 )
AK12-0806 'L (7 + 2 )
AK12-0807 % 1% % (15~ 19 %)
AK12-0808 & 7 # (35~ 50 f%)
AK12-0809 & ' %' (25 ~ 50 &)
AK12-0818 UL (5 OFRPHICIERE 2R TE RSS2, Wb ORPHICEE NAEINTLZO
T, - [ EEIRL7Z)

r

r
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ChFr3 - R5E3)

P

1) LM o588 a L TKESVWELETUX - A7 TLF (4007 AU BFy) CRFWVWLET,
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4. 77« =)l B BT O 18 2 §FY FHD

Ty AT AL DNT O Hrgad

(1) ZLwiT
O 4474,

EHPEE T, To BROFEFREA YA b HE? WELLRE O LBR Z2hdT Tna, F4 513
2001 f FONEARTT T - =) m P RABTORFPITHITL, RE SRS 25 B AT, I X,
Ty AT A ERIGERLZIEZ SR QG (7 & an (75905 E 210 5> TE 72 (Abe et al. 2012,

2009; %@ &3+ 2010, 2009; ¢ #' {2008, 2007, 2006; & * [+ 2003; qugf_fﬁa 2003), F/=HETIE® U< S AEe
A‘—*’*I:}7°l\%*6”%“)3ﬁ7bﬁr[ﬁ¢:§§?\ RO TWDY NI =)V O HR H5HEGREL TR, [IZ B
DFERJ(PrFETALCT, AT A*RKPITEETLYT - =)V REABEY N 2 —)L2-lE s N
5 2 WP QI ZR P A SRFL TS (Abe etal. 2012),

S OIEIFEP T, BYLX GRS ST T SRS LD 2FE OB S EE £ T
T INERBRAB NN KR OFEFEA T A R ah o, FPFEN32012F 8 287 ~9 137 £T,
A7 2%< 15 7 WT, o OFP LERICT DT bEn pAFE" ORI RER I AT 27 LEFHITTH
DNze ZORKEREITIET T - =) BASNSDF %V%’S‘O)Lii)w:ﬁ/\&:1~)l/f‘ﬁ%7b\BODH:' #R
BRI NTHEO., 7B OFHFPTRI NS 2=V BIBNSOFIZ BRIZDONTH 7 Fizhof, ZOfR
DIFE T, 77 - = BAPET DT 747 D ARBITHT L5 i L 2R 05,

@n NTZY T MBI 252 AR OFA

INETOPETIE, 2 (Cu) | Jié%h@‘i-‘ﬂéht_ KL T RO VDT 747 > ARBITDONT,
VX I KBRS L (2o TEk, BIZCux B ¥ORRICY g5/ )iz 2 LTHo, o
THEHITENDTFTHDARX (Sn) & (Pb) NEE(PIZTHA THDH I LEPFLMELTND (FE-
2010, 2009; 9 #' = 2008), ZAUk, #F2 BEHHAHL B8 2B D7 v A 7 > AWHBITHB N T, Cuz R DA
RELTE HBORS - QUEHH TS U8R 03 BOENT R N T/ Z &I 3% (Kaczmarczyk
and Hedges 1983), 20 7=®07n LY 7 MBI 2N T 747 > ADR RIZ, 2202 K> ThH5 Cu & Sn
DEFFELDIET, 2HOFIFANGTDONLZEIICHROLT 18 2 AUR DI A OHRR &, 3 #TI/ARWCu
BRZEHAE TN TWes WERORR LICHAHTEL, IBICEHEIFA LT 717 22BNV TIE

Jug

HOEBERENEDEE T 7y A7 AR R INS0, SnJRIZE STinmEInzks Pb/iz&) 03
%2 9252&ET, K0S HoEE»pvazlinsd, INETOHTPE (73~ 2010, 2009; 7 F =
2008) IZ&-O T, FH BT T - —)bwE BRI AR 25 D5 IKI‘/7 rDARTT 7 AT 2 AR S D

RE3DDTIN—TITZELTW5D, VIb—7 1133 #HO3 A bt TWhiaho 20 52 A% ~9 2 %
SO TrA T AR, VI —T 2133 FHOF A NRWEINEHEESAOT AT A/, T —F
3133 PO AN G & END KDoA P2 S UA%R @7747>X§J%T@éo DX AT Ty
AT 2ADESEHRTHFND, ZOCUZERORR O, S5ICIFCURNELTRE WHRAES B0 K
DHENERSNTTZ I ENTREETRD,

CUBRELTOR #OI TR, 7y 7 > A0RIZHs AT ~®JH 5 A (Shortland and Eremin 2006;
Tite et al. 2007)  Cu 23 O & K @‘*ﬁg%’s' [T>7 T v >-7)L—] (Hattonetal. 2008) ICHBWTHE LN,



68 IO hPFge W %163

ZHUTERNDAY RS I 7020 i 235 NBVWI YT MY OF 3 Tho/z, TlEE HaEs #FA
HENIT L, T8 2 EFONDDE AT, ED5Vo M TE AFIENZDbDBRDTH A DN, ZHUIE 18
SO T NOHIAET 7 AT P AEWGE L PHRERSTFON A PENSFAES ZENTED, T/
DE, (" PRETFICEIS>TCUBTERSLIISN AT ENTVDIN I NITK- T, 3508 WA NI nh
TMNERLTTE D,

AYRYITINO LY T IANEHTFAZERFNEASNZOEE 182 809 JAO b AZ 3 W (1 & @ &
1479 ~ 1424) 2R Z & TH D (Beck 1934; Oppenheim 1973; Nicholson 1993, 2006; Shortland 2001), % 18 2
SREACIEY LIS (B 14 L E) D BRIV F (B 14 LY ZB) DT EBUIST 5 AT B A i,
HIADHFE 2 EpHibN, 182 DN I ATHL TEFTEFITL D PINFPLENRINTND, Al
> g— k52K (Shortland) & K. =1L 2> (Eremin) 12X %5 ® %4 Ti% (Shortland and Eremin 2006)., <)L 7
ABIPTIIINFLOFIZ LECuz B HIAICDODNT, CuR EL TS MPFA INTWEZENPESME
125 TN, TRYIVAY TOIEEIGTTIAEENHONLZR0F, F M AXIH T AAFT 240 (£
i 1424 ~ 1398) BRI b A X 41 (15 7 : 50 1398 ~ 1388) 15 % 18 = FA9 Zf (g 7wqi 16 Hif ~ 14 41
MAE) TP R TIESN, WD W T X (early glass) | iIZDWTIEES Eokehind e, =
WATCCURRIZE 8zq TR L TORRMIL D> Thiakh, 520 a—h7 2> RET L I 2 (Shortland
and Eremin 2006) 13 b F AZX 3HBIUT AATT 2HERF A DF 5N K T AICDNWTH (72
EAOTWAEM, 5EOCUXEHNITADFTHMEIE, ZORBMNICHIADCuRR &L TEHod F'A 2ifib
NTwzIEzadiilimonTnian, BEOHELIEYU U FZ ~&E T )L (Lilyquist and Brill 1993) 12 &k >
THEROENTBO, ("PRRE>HFZELA SO NMAZAZHIAS &, TAATT2HIAZ A, MM AZX4H AL
ADOCUZEHIFN I ZADY T, Sn OIS NZDDIFLADET Lok, TOXDIZ, IIVLIFZTHE
BISH AL ENHREIND X OFITES N/ T T ATBNTIE, 3 228 TR Liz&n D Pekin 7599
BN SN TVIRVWDONERTH D, LrLAENS, ZOWEOTHITIE, 2T ITAINTWSE 18 2 §f
IOT MDA IARR DI MINAZ T IIVF TESNZELDNS T ZELTHD, THEBV N
TR AETELER OIS DIBENENDFERAIND D, €D TP Il I N8R T -0
L7k 2I<- 8TH572D. TPTMIBITEHH T AL B RORPUI N PRI NG N, KT
DAE~FAEEITA 5D Cut B RIIREICL T 1 wt% (weight % : T8 N—t > ) U THH T &
ML, TORRNEWELTEEND SN OF 21T 2T, AR OFRZEN D& KF 785E R iz in4
B LMD, SR UA T I ADTFR RICHT L APFITDONTH, P sk s iz (WDS: iR >
T X Hr) @ Sn ORI RN 00L W EE THLZEnH, T<HFICCUERMFTINTNEE
BOHEIZIE, Sn 2 EITERVWEEND 5,

FINT T 747 2 AR\LTEDN, 0 AT TR IRNDET 747 > A& E L7 Q453>
B, FO9 THEICT I ROMN A J1v<)LF v 7 (Kaczmarczyk) & R.E.M. A\ 2 Z (Hedges) (Kaczmarczyk
and Hedges 1983) 1L %0 NPT D774 7 > AR KICHTHREARTLTH D, ZOFL0Y Tk
SO T 747 ARG O R a5 THO, 205 g A ITE DN THR O 238 0854 (77113
HBNTR2, CUTE T 77 AR CUBEN T AL RTERRORTE 85 <, JERICLTL wth Z2@
Z%4 DCuzd MLV, FOEDHCUBRYT LD SNIZTDNTH, & RERFL > FiZEzR WTF &b
ST D ENTETH D, hY<IVTF v EAy P (Kaczmarczyk and Hedges 1983) 12k 5% 18 =
FBFOCUBTE T 7 A7 P AD P HDiGh, b AZRIWEIX D Hanlcf KD 5N 5% 18 2 5Rgi ;iD &K
MHBENT SN EIEN/c, DA E, P FARIWIAD T DT MIH IR E ERPEZASND KD
HNST7AT AL EIZBNTCE HOF A NN TVl za LTHD, 2503 W OFRIIT Z



M. 77« >—=)b% [ Bl 85 22 JRih e 69

AZESBLEBVIPRIARENS ZLZALTNS, OLAT 7M7Y VAL EITBNTHON TN/ 3 &
DARR ENDIFIIPN AR ITNOSEASONENIAZED BICREALENLENDIHN-B-TH D,

TIRIOZHOAFA VST HF, LRIV TROT 7 AT DAL ERBVWTEOREY P L TWEDK
B9 DY RIVF w7 EAy DA (Kaczmarczyk and Hedges 1983) IZX 25 A D (755 Hilp s, ¥k
DB EZDHEGEZESDTHELD TTHRMAAZHIFETTOTL 82 FAOCUFE T 7 AT ADD B,
728 OSSN RFIEINZEAR D3, PP AZSHEAL D OB A TIZL5 579 748, PhAX 341:!50:? [
DFHENLHARTIE25 89 108 THD., EADOBXETYEERITYET THD, DFEDF 18 2 §imnZn
SHITAZ BRI SN b PAXIWIRIHAIT TR, 7747 > ADZE2RIIBITS3 #od 7 )
FAEIEE P LTWEERFADSN, TRETHTIRE Emi%ﬁ;@éhtwﬁx/m‘ﬁ 2HBIUN R A
ZAHFOCUBTE T 7 A7 2 ARDNWTIEEI nEVWD &, BYRIF v EAyY P A (Kaczmarczyk and
Hedges 1983) 0# 4+d TIZHO T M L MEN TN, FD5 . TRTHAF A /2E DSnZE2H ATV,
BT, X T AIATTIHIORR D 20.5L, SHENEITAOCURE T71 7> ADI B, LT
16 5B DARMNS Sn WIS N7,

ZZTAaLSBNoRARIBETORAPICRT LSO TR, ALY gz, 22 ICu

T TTAT AL ENDLVWHE D THRSTWVDE, “HDT vy A7 2ADD Blid- DTIERL., £ 1)V
FHS N E WO P EOEN, BEANBENICE O THE BAERRAWTTNE L5570, ZOXKIITL NS
D“Cﬂ;’%’i%i g AHZ &R PELWI ETIEARWN, bﬁ\LLLVCOD%Q’”—\Li\ TyA 7 >ADCuxt#DE
BELTEHOR AN DN TWENSTNEND EDDTH ;f’"ffota FCH DD, FI7 BEpAR OHEE %
RERT LD, ZOTANRME 25 ANITRA L7 ICRIHERNDBDLET X2, ZITINSOHY LTy
77w A (Kaczmarczyk and Hedges 1983) Ic k2 » Hiig s, I8 AT o Cunt 77y 17
SARBIZEHOF IR IIHTEEEEFELODHEUT ODXIICRD, EFTIPTFTH IR EAfHibhn
HE0H, 18 2 gAFZAON S5, 29 WANTIZA S NAB oL Cun B RF R ELTOS SEHOFA N5
FEINZe LOALZTOTHITHT LB RNVICHE SN TNEHDTIE RS, “S T 7 MIET Lz 310
CRERRBREEY THOLNTVWEDDETZ AN, SHIIY T RNETTHIAE Eéﬁi‘ﬁj/ﬁ‘éhf: r R A
Z3HIAZBNTH, 2HOFFA FATLBAD Yy =BT L TREN XD, LMALENST A AT
T2HUBIONMAZAHZIFNS, 2 #HO3 TR BERICY P L, INVAYTHIZAOHFE 2 ERHRIns

FAUANFTIHEZIE, 2HOT P RFT 7 A TP ADBBRSTHIADE B2 RIZBVWTHY P L. =
DESIHAPFELDZRO T, FFAXSHIFADANT ASATT2H BN R AR 4HZZ Cudfi
TyATIRERITEEND S EBREFAL(NE UERIICLFT 6NN, - ZTIOBHICE ADT5
NDER QAN DIR<, ZDIEE-LLBBTETVANTEE BT I 515,
@HFD =«

DRI BEEMEEFETIE, 77 - v mEBABLOFE LA T 74 7 O ARGHEDI B, 5

AEPEDODBNT ASATT2UBEUOR AL AU AORR 2E 9 922 4iL, CuBEWEL TS 50T
FR AFE DN TNB NS N ERE L. TADE2IFO! AL, 5 LIV T RO T 7172 AEFIZBNT
EHECUFERBRELTIFP FTHENITHEMNEDEICEF P L TSRO ERSMEL, TVT K
DEFHTAEE QYR L HTHETH 5,
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(2) IR BLURP A

O xS

:@f;‘go);#ﬁg@\fp; SRR SOX T A LRI AT 0 YR WD 2D AR
ELVT MR BRAATVDN, 77« =) FBRAPIOT LERAR D RicBnTid, BRI~
YUSMIEFIZER LTWiah, Ko TI I TR, dCX B HiEd OF omf®A%ﬁﬁéoﬁﬁ7v/
SYLAHTRE OFGCICH L T3S 0¥ (B 2009) % ¥ 50N P4 (B 2012) 25 B I N0,

BTN X k2T S OURSTEX 100FA-IV (Abe et al. 2012; & )i 2009) %, ¥ # %% & OURSTEX
(BR) EDZEFHMTH S, £F 4 M 15kg DREB NN—VZE7ETHIET, 5 HDOH 5D 55ITE Bk
DENTEITH B, Xﬁﬁf*”&bfﬂ??ﬁh(w)y Ty RO X AR ERA LTHBO., FRn
S5 ELAEXBEPIRIY A—FIZE>TE M 2mm 28 5L TWD, REIEICIZS U 3> RU 7 MRE
7% (SDD) %ﬁif&D\%H%@ﬁﬁ¢ﬁiﬂﬂwfi«w%zﬁﬂ%ﬂ:;U-%C\ﬁi%ﬁﬁwfm
RNF R 2HTERFFOAR Iy hOH AT DEICEKD 3BCIKFTELTHD, 25 O TAY R
ST EMOE BF » UNIIBFENTB0, Fr 2Nt 2 ARSI DE R ZENTEEE RS T
w5, é%tﬁm%@KﬁDFHBthUU7A$®%®ﬁ#éf5X?yﬁiw%@K@ibtz&T\
FRUTLA (Na) YT RITL (M) EWVWD T XD RIS (7128 B R85 O FI1Z258:E LT
W5, E?Avbﬂw¥HCMOSﬁX7t?ﬁlED%%##&éhf%D\%@ﬂi/t:%&:ffﬁm
frOEHFENDGELE DTN D, 25 ORI DKL, FRLXFOI T TH S, 2R1E 13T G T
TyAREDE/ 7 OA=F 2t HLTHBO, XFEFERIOI S Lz Pb @ Ko jkd A2 BRI FHB I HE -
LT 5 EMP 4T H D, TOE/VOA—FEFALEZ7HE—R QA XKE—R) TRLGNSE
X AR BVTIE, 2R XGEFRLOF 2759 XK KT HZNy I 7T RPHIZ 50, Cus Pb
LW T 55 & 10 ppm A —F —FTRE|TH 2 Enagetind, 25 Lk XHOVai-Aif i3, & Hp
RAVEE TR EIENTR N, - P, B/ Z7OA—=FZER LAVWEEOSHFE—R (F A XEE—R) Tid.
A5 () RHIT L (Cd) Lo Bz, ¥ XEE— RTIFHRLN> L2 Sn 7 > FE > (Sh)
REDT7FDFHIZA WHENE, REPRFEIZFFHICXDERZHOD, ¢ A XHE— RTIZAL WEED
HIZDWVT 100 ppm F—4 — L TORFINPEETH D, TOVEXFE—RES O XFE—REND 2F3F
DO HE— ROME AT DEICLS T, “m%fﬁﬂbtﬁhxﬁ‘ﬁ*mm\%3@W%?i%&fNTﬂ%
& LN gEEH LT,

WEAE 3, L 240kV TEEL, FfRed X KE-RTIZ025 mA, 36 X E— R TIZ 1.00

TS, PESWEmE— RTZENEN 2007 (live time) &L, £ TOAICDNTHE— RO
?%ﬁotoﬁ6ﬂtﬁ£XﬁX&7FWK9mf\%WV7FMMQW$(MEA%%)%ﬂmtgiix
FRE— 27 ORGRE OFFieh v, &8 ("OWITH We, T8 (PITERE RTORRET I XK (2 20H)
Kimmabtiéﬁﬁ%ﬂm\?mmqwtgﬁEMHWﬁg(m%)tbfuybtom87747>
ZAD2 T THHLUN (C Hivr A% :Si02) 13, T3 @AE SNEZDEDR T OF 3 % 100 Wit 7 5
FNEAZ EL TR L TH D, BT ("OFFIIOVWTIE HFTE (Abeetal 2012) 25 HD T &,

Q&R FR

DHPETHPGRELEZDIE, TAIATT2HUBIUON NAZAHTRF ADTFENZAET 747 2 A
8B40 A THD, INHIFETEFBREBICCETHEVOT B LK OB LI L INZBDOTH 5,
WA EHRT DY 80 ICETAATT2HERNAZAHN O ERH INZbO0TT L, bk
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AZAH D2 F2IEGIRE AT IHE LTWBRIENS, ZORBIEITALATT2HBIUR R A
24O LEEN THDEFALNTVWDS (A2 FPTY 7 hPH i 2007),

SHLUIET AT AT IMENT NS HEI TN AEETBTHD., B3 iiﬁz{k@i’bi%é%@@é\'(
AETHD, FHOHDERH DLONHD, FHOLDELTHYRPF IR XTS5 TH D, 7 ITIFF*
L:%'*E%Er BOHEFIL TWAB A 65N, I TE, T2 RTE 5L, [ 3B KO
FI DL SNV 2 EBUFIL, YNV EFS SEERUET T ZATHN TS 7 a5/,

Q) it &7 g

THRLIZA0EDT 7 AT AT AIDES gk & Table 4125 & /-, 753 Table 412135 i #4 (Abe et
al. 2012) TRH LN THFIRITK D § 7ex O | (L.L.D. : Lower Limit of Detection) ®4 bHHETa L
ThHo, Td @RI REY B o2bDlEnd. (not detected) EFF L7z, IHICHEEEDH DI 2 2
L2HOEHETEL YR (TE VR, L.L.Q. : Lower Limit of Quantification) ZM&F (> f"d 33K &L, T4
MEETREN B SR BOEFHTBELTEANESTALTH D, UBOFFIIBNT, ZOTE EEf L
7y bTEVRET KA (nd) O G20 &Lz, EIT RIS TES P RAE GHAME) 05813,
S ROBEELTHTEET Oy M SICALED, T3 RELTOREEITE <ARVILREEINZN,

4
I

high

D2 #Da FRIZDONT
P TILIEA0 DT 7A T CAZAIENT N L wt% 2E A 5% 3 OCuzg A, CuxaROIRTIC
DR INTVRDZENER SN, CUBTHORRICE 223 WP L TWENEWHT L7201, 4
LR eNZEER O~ (CuD) 7 B LTI %A X (Sn02) a2~ 0w hL. Fig.62 &L
7o 40 S DER DS B, EF R (Sn02 0.033 wt%) &~ BH A 2T OSSN A2 ATVERRIZ 21 . TH
D, =019 ZNBIEPESNTY HF I Nz, D21 512B1F % Cuo =4 f8izvd % Sn02 &8 fa - (Sn02/
CuO) X5 &, 50030 TH ™ 0.014, &+ 0.056 >/, T7/2DECUICH L TL4% ) -D Sn 24
Z&ITD, Cum R ELTSE SNE FR INTW ' gEE NG WD EFABN5, ZOAREI DSn %
21 82D T TCu+Sn 1 ) EFAT 5, D 19 41O TIE, WIhd Sn02 g f@hved » Rz
T STHBD, SNnZFEAESEBRVCURENE WoNEZBDETAEND, IHICHEMIIERRTHHN. 2
DLIEDSBEIAMSIE, CuD™IZEa= AR THS /N~ (Co) MWEFIS N, Uk, 2MTIESn &
TERVWIIADSIE CoEa D ILAE [CutCo ¥ A7), Coad £RWI0 A% Cuy 17 LFET 5,
IEOKDIT, T H Y (Kaczmarczyk and Hedges 1983) TIZY A AT T 2B XU K b A X 4 HZAIT#
ADTENDEZETOCUTE T 747 ARRBVWTE #HOd A bl TWe, LALBRSATETHES
Nz hmoid, 3 8HOa FEPHON TVEARERZERADOBIZY 7 THD, 5 APLDEADTDDE
D45 265 7o, ZORAEHREFA KI8 2L T MO Ty A T DABRUHT ITAL B IT
BUIFBEHOFFE QY FICONTERDTETZEHT D, Fig63iz, MhAXIHXDHDE 18 2 §R5i A (D),
FRAZBHIF (@), TAUATT2HBIPRNRMAZRAHIF (@), BIRUTAATTIHIA (@) @
CUr BT 7A 7 ARBITZEHOE RN DONTWEARDOEREF Lz, 382 CuztaRERELT
FHAFTHENI TR, 182 OB ANST T T 747 P AZEOY THE SN T, Lirl
BINSZDOTAIZHTLHYRDVBRDOTIIRLS, P LL TRESEEINZCUTE T 717 2 ARGD
SRR TDEDT ASANT T 2HBIU N bAZANZATIE, 7747 2 A2 EITBITZE HOT
R OFERIELPOETNLEND DD, H T AL RITBWTE #8018 ' SRR DN TR,
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Table 4 40 5DT7 747 2 AZAIDEE jgdh (A1 wi%)

Object No. Si0,” Na,0 MgO ALO; K,0 CaO TiO, SnO, Sb,0s MnO Fe,0; CoO NiO CuO ZnO Rb,O SrO  Y,0; ZrO, PbO

Cu+Sn type (n=21)
AKO05-A490 95.4 nd. -031 07 0.08 08 -001 0.08 n.d. n.d. 0.12 nd. -0.002 2471 0011 -0.001 0.004 nd. 0008 0.007
AK05-A543 89.2 -0.8 109 107 016 094 -003 013 nd. n.d. 0.09 n.d. nd. 6419 0015 -0.001 0004 nd -0.003 0.008
AK06-0933 93 -0.7  -031 112 0.2 073 004 0.09 n.d. n.d. 0.26 n.d. nd. 3552 0008 -0.001 -0.003 nd 0005 0.006
AKO08-A014 91.8 n.d. 1.38 0.94 0.11 164 -001 015 n.d. n.d. 0.06 nd. n.d. 3.905 0.009 -0.001 -0.003 n.d. -0.003 0.008
AK08-A039 89.2 33 057 131 -005 192 -002 0.9 nd.  -001 016 n.d. nd. 3334 0005 nd 0008 nd 0004 0.02
AK08-A458 93.1 n.d. 053 088 009 137 -0.01 0.1 n.d. n.d. 0.1 n.d. nd. 3.803 0.007 -0.001 0008 nd 0005 0.011
AK08-A588 92.9 -12 069 068 007 148 -001 007 nd. n.d. 0.1 n.d. nd. 2751 0005 -0.001 0.08 -0.001 0.006 0.023
AKO08-F053 90.6 -15 081 083 0.1 245 -0.02 0.07 nd. -001 017 n.d. nd. 3.383 0006 -0.001 0009 nd 0004 0.024
AK08-F081 92.7 n.d. 085 067 -004 189 -0.01 0.1 nd.  -001 0.6 n.d. nd. 361 -0.002 nd 0008 nd -0.003 0.017
AKO08-F231 90.9 -1 0.97 07 -003 223 -003 0.9 nd.  -002 01 n.d. nd. 3782 0008 nd 0009 nd -0.003 0.082
AKO08-F281 93.5 n.d. 0.88 0.78 0.1 148 -0.02 0.06 n.d. -0.01  0.19 nd. n.d. 2967 0.015 -0.001 -0.003 -0.001 -0.003 0.006
AKO08-F315 85.8 4 154 145 007 1.09 006 0.08 nd.  -001 038 n.d. nd. 5528 0006 nd -0.003 nd 0004 0.004
AK08-0004 91.7 nd. -041 07 017 244 -002 0.08 nd. -001 013 n.d. nd. 4329 0011 -0.002 0.007 nd. 0004 0.009
AK08-0499 92.3 nd. 144 086 011 14 -001 012 nd.  -001 012 n.d. nd. 3628 0011 -0.001 -0.003 nd. -0.002 -0.002
AK08-0549 86.1 5.8 089 144 015 136 -001 018 n.d. n.d. 0.16 n.d. nd. 3925 0017 -0.001 -0.003 nd. 0004 0.005
AKO08-0673 93.1 -0.6 -045 077 -004 125 -0.01 0.11 n.d. n.d. 0.07 n.d. nd. 3.548 -0.003 n.d. 0.008 n.d. 0.004 0.014
AK08-0779 94.3 -09 -036 074 -006 048 -001 0.08 n.d. n.d. 0.09 n.d. nd. 2915 0012 nd. -0.002 nd -0.002 0.014
AK08-0854 95.1 -0.5 0.66 101 -002 087 -0.01 0.09 n.d. nd. 0.07 n.d. n.d. 1.607 -0.002 n.d. 0.006 -0.001 -0.002 0.011
AK08-0855 92 3.1 -049 08 -003 1.1 -001 011 n.d. n.d. 0.06 nd. nd. 2264 -0003 nd 0006 nd -0.002 0.017
AK08-0919 90.9 17 0.54 094 -0.05 159 -0.02 0.1 n.d. -0.01 012 n.d. n.d. 3.956 0.005 -0.001 0.007 nd. -0.003 0.105
AK09-0444 90.4 2.6 085 08 015 132 -001 0.14 n.d. n.d. 0.14 nd. nd. 35 0.004 -0.001 0.007 nd 0008 0.02

L.L.D. 0.03 0.5 015 005 002 001 001 001 002 001 001 0.003 0002 0.001 0001 0.001 0001 0.001 0.001 0.001

Elements quantified by white X-ray mode: Na, Mg, Al, K, Ca, Ti, Sn, Sb

Elements quantified by monochromatic X-ray mode: Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Pb

t Calculated to normalize the total elemental content to 100 wt%.

n.d. : not detected (lower than L.L.D., Lower Limit of Detection)

() : trace amount (lower than L.L.Q., Lower Limit of Quantification)
Object No. Si0,” Na,0 MgO ALO; K,0 CaO TiO, SnO, Sb,0s MnO Fe,0; CoO NiO CuO 2ZnO Rb,O SrO Y,0; ZrO, PbO

Cu type (n=10)
AK06-0820 93 23 057 087 015 028 nd. -001 nd  -001 0.09 nd. nd. 2715 0.008 -0.001 -0.003 -0.001 -0.002 0.004
AKO08-F098 91 -09 061 0.8 013 154 -002 -002 nd -001 019 nd. -0.005 4719 0.014 -0.001 0.006 -0.001 0.004 0.013
AK08-0013 929 -14 081 094 013 1.03 -002 -001 nd.  -001 021 nd. nd. 2509 0024 -0.001 -0.003 nd. -0.003 -0.003
AK08-0042 91.7 n.d. 069 143 017 101 006 -001 nd  -002 1.03 nd. nd. 388 001 -0001 0004 nd 0004 0.004
AKO08-0457 91.2 -05 143 0.88 0.14 174 -003 -0.01 n.d. -0.01 014 nd. nd. 3.876 0.024 -0.001 0.007 n.d. 0.004  0.006
AK08-0926 85.8 4.8 159 075 0.1 177 -0.01 -001 nd. n.d. 0.05 nd. nd. 5092 0012 nd 0008 nd -0.001 0.004
AK09-0050 91 -14 0.7 0.77 0.17 071  -0.03 -0.02 n.d. -0.01 014 n.d. n.d. 4966 0.016 -0.001 0.004 -0.001 0.004 0.01
AK09-0082 89.4 19 064 073 027 114 -0.02 -001 nd. n.d. 0.13 nd. -0.006 5674 0.014 -0.002 0.005 -0.001 0.005 0.011
AK09-0245 90 -05 -033 102 007 115 004 -002 nd. n.d. 0.22 nd. nd. 6596 0.02 nd. 0005 nd.  0.004 0.009
AK09-0578 91.2 18 053 081 013 154 -001 -001 nd  -003 023 nd. nd. 3688 0009 nd 0004 -0.001 -0.003 0.006

Cu+Co type (n=9)
AKO08-A459 85.1 4.1 093 388 024 101 004 -001 nd. 0.16 03 0083 006 3973 0.095 -0.002 0.005 -0.002 0.005 0.021
AKO08-A851 90.8 25 152 219 0.4 054 005 -001 nd 013 036 0081 0072 1271 0.103 -0.002 0.004 -0.002 -0.003 0.012
AKO08-A869 91.4 2 1.04 1.71 0.25 069 -0.03 -0.01 nd. 0.15 033 0.092 0.064 2096 0.098 -0.002 0.004 -0.002 0.004 0.02
AKO08-F241 932 19 -029 157 016 078 -0.01 -0.01 nd. 0.07 018 0062 005 1619 0.085 -0.001 -0.001 -0.001 -0.002 0.008
AKO08-F291 85.7 6.2 0.5 39 0.25 12 0.04 n.d. nd. 0.14 029 0.081 0061 151 0.085 -0.001 0.004 -0.001 0.004 0.027
AK08-0833 917 -13 037 189 016 086 -0.03 -001 nd. 015 029 0089 0.068 2973 0.083 -0.002 -0.002 -0.001 -0.002 0.015
AK08-0839 911 21  -033 28 0.45 0.6 -0.02 -001 nd. 0.08 018 0.077 0.057 2038 01 -0.002 -0.002 -0.001 -0.003 0.017
AK08-0840 90.1 29 -038 26 024 092 -0.02 -001 nd. 011 023 0077 0066 2197 0.103 -0.001 -0.002 -0.001 -0.003 0.014
AK08-0919 86.4 44  -045 254 0.3 084 006 -001 nd. 0.1 0.32 0.098 0.054 4.253 0.136 -0.002 -0.003 -0.001 0.004 0.034

L.L.D. 0.03 0.5 015 005 002 001 001 001 002 001 001 0.03 0002 0.001 0001 0.001 0001 0.001 0.001 0.001

Elements quantified by white X-ray mode: Na, Mg, Al, K, Ca, Ti, Sn, Sb
Elements quantified by monochromatic X-ray mode: Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Pb

t Calculated to normalize the total elemental content to 100 wt%.
n.d. : not detected (lower than L.L.D., Lower Limit of Detection)

() : trace amount (lower than L.L.Q., Lower Limit of Quantification)
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TANTTIHDRHRIRDE, CURE Ty A7 o ADFEAENTE M ELTEHER NWEHDERD,
KB HQI A RPHIAZRIBNTHAONDEIITRD, TRDETAAT T 2UBIUN AR 4
HERE WS DI, 5 7% (Kaczmarczyk and Hedges 1983) TF A IN/zk DT 7 A 7 > A2 ERIFTHIT
LEE NS DS TIEAR<S, PEAXIHEIASDRNZS EZH T, 35O R L0550
BN Eo BN o ERADBRNETH D, ODULAFFATIHLENS A TIEZDOEDT A AT T 3H
ADHNEZTHY, 3HOFFRENT 7 AT AL ETYR(LELZT TR, HIRZEABTFEINL
DOMZDENTH D, 382 FATHENWDITENID T NTH P LAETFICE., 205V hy TH
BRI IASENMONEIENHRLTNLE2HDETAEND, ZORADCUIEE H2TOEHE N
2, a XKD EESINTWET 7 AT PAPERORR, ZLTHE DA TADEEHELTHA NS T
LEolee PEDGANCURBOEMIBIEA 7 ELTE 2 SNON, 2%- DT 74T AZETHD
NTWEE HOR FR 25720 TIRRWEAD N, DD LY MBI #0d FA I, TV MT
HIAZEDFBRINDZ IO BFINEHDNTIENWEDN, ZOFT LRI T I TE P T2HELTH S
AL EEMQEFNHRL T g2 NE X 515,

LDLZDOFFEXIINAYTHIADHE SENHARINLHOII T MTIESNLT TR (B FPHT T R)
DERITHBNT, Cun BRPRELTORE FOI TR PHDNTNRNWERTELEZE THD, LK
212, ?LEEU% (Shortland and Eremin 2006; Lilyquist and Brill 1993) T3/ X9 12443 @ Sn 2 FITET
WIBIPOEETFTHINUL, HDWVWIE N M ARIHIATE A FIAE BB SINLRANST TICE Hod 7
ROEY SNTWedaEebdH 5, HffibNTnda AT I ADMPFHRERPL T, L—Y -7 7L — 3
CFHEGEE T T AHE 2 (LA-ICP-MS) EWS @& RE >y P LDDH D, T<AHE RS ER D
WHEN D EWIRAITH DAY, é“ﬁ%‘Q’”—\b:@ofbiéck’)ﬁ*f\‘fﬁ@ LX) D73e5TH->TH, ppm (0.0001
wt%) OA—F —FTRE XS THIENTES, THLEEE RE > AT EW TS XITHP T2
ZET, BHOAVWANPEDIDIBYTAHIAZEIIEF LTV SO, TOTTNPENITEN TN
HBDOEFFR LV, B2V, 1 KA TAZEIZBWTCUFRFELRT THhEstWEL THHELEL, Z0

SHOCUREARENIAFELDHDRXINTI BB IGRE O Cuza I LAT5NTNS (Brill
1999), DEDHFERMELTOCUZELLFTDREHNIATHNL, 2P DRI BFERLAD PR NS
TH, SN EOHE o= 2REITHIENVETH S LR EINS, FE7PEHEDFLLEND I LT
BINOEMBRECEROID Ty 27— en NPT MIBIT 2T 472 Cu DR BO- DTH 5,
I8 2 SR AT I T XOFIZ LI T v 2 TII—IZDO0WTIE®E OSnNe ENd T &N aIn
T3 (Hatton et al. 2008), %.7=L CH 18 2 IO EDHRIMNS LI T v >« TI)V—2 EITE g AR
MEY INZONIFENTIER N, 7B CUTE T 74T ARDVWTAHINLXLDRE BOT TR OH Y
EZOHOCURERMICDOVNTHERITTAHIET, o LY T MNIBITHE HOF FA OSILNPS M
NLZETHAD,

EU\

@/ b BRI OR pEVS &

DRI, A0 EDCURE T 7 AT P AT AIIZDNTH S LFYLXESFIZBNT, 9 K0FR N5
ContiENj (CutCo ¥ 1 7). CuL ColFEBLLBH IR Ty AT P AEREITBVWTE AT ERIEL
THR SN, CupV eI E N HLNE R ZS THDIWH LT, Coldft e THETRREFNE 2L T

DIZF NnEND, CoZT D IAIITDODNTE SN~ A/)N)L K (CoO) Od f@ids; 7~ T 0.098 wt% TH D,
ClODTEI D110 )™ Th2 (Table 4% ), LML ColFHIX - 77 A7 A3 TI<#H3 (~0.001
wt%) THEAIWHE T2, TOEDINS COoNEIINZIALDYAINE, =DF A IV RTHEL N
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FoET DB KRN, F7z Fig.62 BXU Table 4 25,5 &, CutCo &1 Fid3 #4129 k92 Sn 24 £/
FTR.ZEHZTHCUDIRITE HPIRNENSED NH S, CutCo ¥ /T2 2O A b Thiah-
720 ZHLTIE, ARHCE S0 R 2H o TWE2 B TCCoraRMNEB R INTWARL-> Y8555
M, BRTE2EOICED CoraREEDLOTH PREDOTHD, WhIXCox B R MIIERLTHo=, Z
MWL T2 HZa R TLLNDTLHRERBRZA2ER LEDLEWSFEMA{HTH D20, Cos e pF
FECunaERELTOSHOA A IR T HHDH, £ CUDE NLRNDIFTCollkdH ez Tk
BE5-0EHT A5, CoraRMECUTARDIRTET T TEFHREFEL TNWEZEZEALTVD,
FTW 2O T D CoFERIIDNTIREF LS DFLENHDONTBO, HIART 74T 2 ADT
ERBLUET RO ER TON)VE - T)—] OCoBRELT, TV MNLLEE DA T > AT
BENZEFIT2 T3V k- 2 39)/V> (cobaltiferous alum) | 23F WHENTWZZ EMPFSENIT/AR->TND
(Kaczmarczyk 1986), J/N)L bk » 2 3N EWVND DIFAF T, mFIZIEI av/N> (PE TEE<EIN
> (AEY o- ETHD, F - AL (pickeringite: MgAIy(SO,),+22H,0) @ Mg 1 Mz Co &1 & T %R
TEMEBELEHDTHD, INVE - L aUNOBESRELT, NV AT REYTT - F T AD
2 BAEE I TS (Shortland et al. 2006b) 7%, #°% 5% fi# 4 (Abe etal. 2012) {2k > TH 18 = 4
DIHFTAT7AT DAL RICHE ENLCOTERDOAR ERDIIIUNIBY TT-FT AT D LA (T
A7 —=)b) TERINTOAEYEE NG W ENFEEMER > TNSE, EHOERHFL )L TIZanN)b k-
RaUNIPE CoDHETRET DI EMTERNEY, CoURDRFE 5 (X2H > Mn, =)L Ni, &
HZn) R, 2RI THDEITINIZUL (AD) N, Con B RO M ELTConBRS (WIA, 7747
AL ER) ICbE END, I TTable 41Ca- Lz CutCo ¥ 7OEE gl 2L THD L, DY A T2
SLENIE VR IR RIS I SN T VWD ZENDMN D, CutCoF 1 T DT 74T A A IV 5T DNT,
TERTHDCol, T aUNYI IO ELTE £NDRFEF-5 (Mn, Ni, Zn) OF(~ME L TOTE
fa (CoO, MnO, NiO, ZnO) D %% 2EED= 15 (77 5L ELTFIQ64 15 Lz, Fig64iZid, ¥ %
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K78 68 £ND (Petrie 1891: 16-17, PLXVID

6) ZZZLAEB I, MEIRO MRS Y (dead time) DEFEA130% 2B A 576 ICFTHREL D SE 59 B AL
MiH-> T2,
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Summary

I. Introduction

The team from the Institute of Egyptology at Waseda University has been excavating at North Saqgara since 1991.
The site is located on a prominent rocky outcrop in the desert approximately 1.5km to the northwest of the Serapeum
(Figs.1-3). Excavations at the summit of the outcrop had revealed a monument of Khaemwaset, the fourth prince of
Ramesses Il and a mud-brick structure built by Amenhotep Il and Thutmose IV respectively.

Since the tenth season in 2001, the excavations have focused on the slope of the outcrop. In the course of the
excavations at the eastern slope, a previously unknown rock-cut chamber and a number of objects including a fragment
of two statues of incumbent lion and statues of a lion goddess were exposed. Some of them bear the name of Khufu and
Pepy I.

In 2002, during the eleventh season, the excavations on the southeastern slope revealed a massive layered
stone structure probably built around the Third Dynasty and a shaft leading to two chambers to the east and the west
respectively.

In 2003, during the twelfth season, the excavations were conducted around the layered stone structure, and we
also opened a trench on the western slope of the outcrop to see if there are any archeological remains. In 2004, during
the thirteenth season, we focused on the excavations at the area in front of the layered structure and the western slope
of the outcrop. Prior to 2007, we had excavated the western slope of the outcrop in order to obtain more archaeological
evidence originating from the summit of the outcrop. In 2008, we returned to excavate on the summit of the outcrop
and discovered a New Kingdom tomb-chapel on a plateau approximately 40 m to the northeast of the monument of
Khaemwaset. In February 2009, we discovered the burial chamber of the tomb chapel of Isisnofret near the northwestern
corner of the New Kingdom tomb-chapel. In August in the same year, we found the funerary cache of the tomb of
Isisnofret. Since the summer in 2009, our excavation has been suspended partly due to the Egyptian revolution in
January 2011 when we just started excavations at North Saqgara. Since then, we had to wait for the permission to work
at the site because of the security situation in Abusir-Saqgara area.

This report aims to summarize the work carried out in the Twenty-first season from September 3 until October
9, 2011 and the Twenty-second season of the Waseda University excavations at North Saggara from August 25 until
September 27, 2012 as well as the work conducted at the Magazine of the Saqqara Inspectorate from August 11 until
September 27, 2012. The results of this work will be described in the following sections.

(Sakuji Yoshimura)

II. A Preliminary Report on the Twenty-Second Season of Waseda University Excavations at
Northwest Saqgara

1. Introduction

In the past seasons in February and September 2009, we discovered the burial chamber of the tomb chapel of
Isisnofret to the north-west of the New Kingdom tomb chapel and its funerary cache to the north of the tomb chapel.
During the last season, we conducted a geophysical prospection by using GPR (Ground Penetrating Rader) in the area on
and around the outcrop in our concession area in order to understand the distribution of the unexcavated archaeological

remains to be investigated for the future.
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2. The summit of the outcrop

The main goal in this season was to excavate these areas for better understanding the nature of the archaeological
remains at this area in northwest Saqgara. We began excavating in the area designated as the grid number 8B and 10B to
the southwest of the tomb chapel of Isisnforet (Figs.9, 10). After removing the surface layer of the sand, we uncovered

the deteriorated limestone blocks in the location, which indicated anomaly by the GPR survey in the last season.

3. Southeastern slope of the outcrop

Then, we moved to the southeastern slope of the outcrop. In this area a clear division between the ground surface
of the outcrop and the accumulation of sand was attested by the geophysical prospection in the last season. We set up the
sounding trench measuring 10 m by 50 m and began removing the surface sand layer, which measures approximately 2m
in depth in average (Fig.9, 11). In this trench, notably we found two pottery jars dating to the mid-Eighteenth Dynasty in
situ. We also found the fragments of the Old Kingdom pottery shards. But the majority of the pottery shards date to the
New Kingdom. Two shabti figures dating to the Late Period were found there (Fig.26, 1. 2). In the area of the anomaly
by the GPR survey, we reached the very deep bottom of the valley of the bedrock, which is filled with relatively large
crags. It was understood that the anomaly by the geophysical prospection was the reflection of the natural geographical

features of the area instead of artificial remains in ancient times.

4. Southeastern Area

In the last season, GPR survey was carried in the area to the southeast of the outcrop where ground surface shows
artificial depressions, which were also recognized by archaeological reconnaissance in the past seasons (Fig.9). The
result by GPR survey revealed anomalies that appear to be the absence of the bedrock in the underground. There are at
least two large depressions, which indicate the presence of shaft or some sort of human activities in the past.

We began excavating the northern depression area, which is called the Operation A (12.5m x 12.5m) (Figs.13,
14). In the center of this operation, we uncovered a shaft measuring 1m (east-west) by 1.2m (north-south) and 3.3m in
depth, which we call the shaft A (Figs.13-15, 21). At the bottom of the shaft, it shapes like square, measuring 1.2m by
1.2m. It appears that the shaft A was unfinished, since the half of the bottom was roughly chiseled out in the depth of
25cm. On the southwestern wall of the shaft A from approximately 2m from its mouth, a chamber was cut into the rock
to the direction of southwest. The chamber measures 1m in width and 3.6m in depth. We found a few fragments of the
Late Period pottery shards in the shaft A, but there is no clear evidence of burial. However, remain of chiseling of a
wall of the shaft facing to the entrance to the chamber shows enlargement probably due to the installment of coffin. It is
possible that the chamber was used for burial and it was plundered later in antiquity.

The crags including large quartzite rocks surround the shaft A. Some of the large quartzite rocks shows the
remains of wedge indicating quarrying activities. The largest quartzite rock appears to attach to the bedrock indicating
the original geographical features of the terrain. Behind these crags, we identified at least two layers of tafl probably
indicating the excavation activities of the bedrock in the shaft A in two times: the main shaft and the room to the
southwest. Both to the south and north of the western side of the shaft, we uncovered black and gray layer of the sand,
which contains ashes and charcoals with burnt quartzite chippings. Having observed these archaeological remains, it
is assumed that the area was used as a sort of manufacturing place for quartzite in ancient times. But its purpose is not
certain at this moment.

The Old Kingdom pottery shards just above the bedrock may indicate a terminus a quo and the Late Period pottery
shards give a terminus ad quem for the duration of activity in the Operation A.

We also opened the Operation B approximately 28m to the south of the Operation A in this area (Figs.13, 17). The
Operation B was another place indicating the presence of the shaft or some sort of excavation activities in the past. In
this Operation, we uncovered 3 small pits (Figs.17-20, 22-24). The pit A is located to the western part of this operation,
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which measures 96cm (east-west) by 54cm (north-south) and 42cm in depth. The pit A is cut in the middle of the flat
bedrock surface, which was excavated in oval shape in the past. Around this flat bedrock surface, we found the rough
stonewalls which were probably intended to prevent the collapse of the sand layers. The pits B and C are located in
the eastern part of the Operation B. They also share the same features of the pit A hewn in the bed rock surface and
surrounded by rough stone walls. The pit B measures 90cm by 90cm and 80cm in depth. The shape is almost like
trapezoid. The pit B is cut in the middle of the depression hewn in the bedrock. Near the mouth of this depression, we
found four fragments a lime stone plate incised with square pattern on both surfaces. In the sand layer accumulated
in this depression, we found fragments of faience object, cartonage, and charcoal. However, there was no evidence
of burial in this depression. The pit C is located near the southern wall of the Operation B. It was probably originally
intended to cut in square shape, but excavated in rectangular shape measuring 120cm (north-south) by 66cm (east-west)
and 140cm in depth.

These three pits do not appear to have intended to dig burial shaft, but their purpose is not certain. It is not
unlikely that these pit relate to the activity observed in the Operation A. It is hoped that more evidence will come out in

the future seasons in order to understand the nature of the site.

5. Major Finds
1) Pottery

The pottery vessel which date to the late Old Kingdom was discovered in-situ from the lowest layer of the
southeastern slope of the outcrop (Fig.25.1). The parallels are known from late Old Kingdom site. This pottery vessel
indicates some activities were conducted at the outcrop in the late Old Kingdom. In addition, the two pottery vessels
were found in-situ at the upper layer of the southeastern slope (Fig.25.3, 4). They were discarded from the top of the
outcrop. These pottery vessels are common in the mid-Eighteenth Dynasty. They were probably derived from the mud-
brick structure belonging to Amenhotep Il and Thutmose IV.

At the southeastern excavation area, the pottery shards so-called “beer jars” were found at the layer just above the
bedrock (Fig.27.1, 2). Similar pottery shards are found from Dahshur that is dated to the early Old Kingdom. At the
upper layer of the area, some pottery shards which date to the Late Period were uncovered (Fig.27.3). So far, the early
Old Kingdom pottery shards provide a terminus a quo and the Late Period pottery shards give a terminus ad quem for

the duration of activity in this area.

2) Fragments of Shabti figures

Two pieces of the faience shabti figures were found in the sand accumulation of the trench in the southeast slope of
the outcrop (Fig.26.1, 2). Both of them are represented mummiform, with the arms clasped across the chest, each hand
holding a mattock. A tripartite wig and false beard complete his costume. These dates from 27 to 28 Dynasties in the
Late Period. Larger fragment, which remains from the head to the middle of the body, measures 6.1cm in Height and
2.7cm in Width with 1.6cm in Thickness. Smaller piece measures 3.4cm in Height and 2.4cm in Width with 1.6cm in

Thickness.

3) Limestone board

Four fragments of a limestone game board were uncovered near the mouth of the depression. After assembling
the fragments, it turned out a complete rectangular limestone board incised with square pattern on both surfaces, which
measures 25.5cm in Length, 52.7cm in Width, and 5.0cm in Thickness (Fig.27.4). It is assumed that this limestone board
was used for game on the basis of other parallels.

(Sakuji Yoshimura, Nozomu Kawai, Jiro Kondo, Hiroyuki Kashiwagi, Kazumitsu Takahashi, and Ayano Yamada)
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I11. Conservation Works

1. 2011 Season

The conservation project for Waseda University in Abusir South was carried out between September 13 and
September 20, 2011. The original plan of this season was the conservation of the lime stone sarcophagus of Isisnofret in
the tomb chamber. However, the post-revolutionary security situation in Egypt did not allow us to perform work on site.
Thus, our main focus was shifted to the conservation of the sarcophagus fragments removed in 2009.

During the 2009 season, numerous small, inscribed fragments were brought to the magazine. Each fragment was

assigned a registration number, recorded, cleaned and consolidated.

1) Sarcophagus of Isisnofret

This season, Dr. Kawai continued the reconstruction of the fragments based on their inscribed surfaces, without
using adhesive. Egyptology students were tracing each inscribed fragment on a transparent sheet. These traced images
will be scanned and used for further study and digital reconstruction during the off-season.

The limestone sarcophagus fragments were examined. In general, their condition has not changed since the 2009
season. No on-going active deterioration (such as salt spalling) was observed. The stone is relatively soft and slightly
powdery; especially along break edges, as they were in 2009. Both black and blue pigments are stable. No flaking or
fading was observed. Also, the ancient mortar remained stable.

As is mentioned above, many fragments were dry-joined on the sand box (i.e., some create quite large groups of
30 - 40 pieces.) The majority of the small pieces are thin and do not include the entire thickness of the sarcophagus
walls. It is best to mend them to the main body of the sarcophagus rather than mending these surficial fragments
together. If mended apart from the main body, there would be small accumulative deviations that could eventually cause
misalignment. However, quite a few small fragments in danger of loss or misplacement were mended with acrylic resin
after consolidating their break edges. This also facilitates Dr. Kawai’s reconstruction work.

In addition to the above task, all break edges of the fragments were consolidated with diluted acrylic resin as
preparation for mending when ready. This also protects the slightly powdery surfaces from handling.

Flakes detached from the limestone sarcophagus and mortar were tested by microchemical spot tests.

chloride (CI) nitrate (NOy") sulfate (SO,%)  carbonate (CO5*)

debris of limestone substrate + slightly + - +
mortar fragment slightly + + very + +
mortar under black pigment slightly + - - +
mortar over black pigment slightly + + - +

It appears that the limestone contains chloride salt. However, no active damage has been observed on the fragments
in the magazine since 2009. The ancient restoration mortar found under and over the pigment appears to be lime-based
mortar while the mortar possibly used for sealing the lid may be gypsum mortar. These results will be confirmed by
retesting during the off-season.

In the 2009 season, it remained undecided if the sarcophagus would be removed from the tomb chamber or not.
However, with the political turmoil in winter 2011 as well as the post- revolution security situation may require secure
storage for the sarcophagus. In either case, the sarcophagus needs to be moved to the center of the chamber in order to
document and conserve the inscribed surface that is currently inaccessible. Although it might appear simple, the most

challenging task is moving the sarcophagus from the current position to the center of the chamber. The space is tight,
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the ceiling is low and unstable, and there is limited access to part of the coffin.

In order to protect the inscribed surface from abrasion caused by padding and straps, the surface may be faced with
synthetic tissue.

A temporary consolidant called cyclododecane was tested for a possible facing material. Cyclododecane (C,H,,)
is a white, waxy cyclic alkane that is chemically stable and inert. It dissolves in nonpolar organic solvents such as
hexanes and xylene and insoluble in water, acetone, and ethanol. It also melts at 60.7°C, and slowly sublimates at
room temperature. Because of this nature, it does not require a solvent or cleaning for removal, and was thus used as a
temporary consolidant.

Cyclododecane was tested on 3 fragments with pigment and mortar decoration. Japanese tissue, thin synthetic
tissue and gauze (over tissue) were used as facing materials. Advantages of cyclododecane are its sublimation nature.
This will be examined next season.

There are 2 cracks with gaps between the bottom and the south wall as well as the bottom and the north wall.
These cracks penetrate through the thickness of the walls. There is also a fine crack on the west wall bridging between
the above two cracks. It is not certain if this fine crack penetrates the thickness of the wall. It is possible the bottom has

already been detached from the walls. Lifting the piece may separate these pieces.

Physical reinforcement

Several methods to reinforce the cracks (or breaks) described above were discussed. The cracks may be temporarily
reinforced using carbon fiber fabric. A rigid, lightweight backing (such as an aluminum honey-comb sheet) may be used
against the sarcophagus walls with a material that fills gap between the wall and the backing. Corners may be reinforced
with L-shape brackets. In order to avoid collapsing the walls, the interior of the sarcophagus may be filled with wooden
planks and polyethylene foam. A ratchet strap may be used to hold the sarcophagus as one unit. Some materials may not
be locally available. Also, there may be a safety risks accompanying use of some chemicals with limited ventilation in
the tomb chamber.

The all materials above are temporary and thus removed once the sarcophagus is moved.

Lifting

For lifting the sarcophagus, it is ideal to use a mechanical device such as a chain and a hoist on an I-beam
frame. This allows vertical as well as horizontal transportation of the sarcophagus. However, there does not appear to
be enough vertical space for the set-up of such a device. An alternative may be lifting from the underside. It is not clear
how much access to the underside the sarcophagus. Lifting from the underside requires extra caution as uneven pressure
at the bottom could provide stress to the already-cracked sarcophagus.

A rigid, lightweight pallet with low feet (a few centimeter) may be prepared to receive the sarcophagus
immediately after lifting. The surface will be padded. Once it is on, the sarcophagus will always be handled with this
pallet as a support.

It is difficult to finalize the method and materials without access to the actual object, as it has been 2 years
since the last access to the sarcophagus. However, as is mentioned above, we can make preparation of the maximum

protection for the sarcophagus.

2) Limestone blocks

Approximately 100 inscribed limestone blocks have been surveyed. Some blocks that exhibited active deterioration
were treated. The condition of such blocks has been monitored since 2007.

A dozen of the inscribed limestone blocks that have previously been surveyed and treated were examined. The
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conservation survey database was updated. The condition of the blocks has been unchanged. In spite of the uncontrolled
environment in the storage, the blocks were found relatively stable. However, it appeared that some blocks were moved
during the off-season, which caused chipping and abrasion. These blocks were re-secured with shims and padding.

SCA conservator, Mr. Ashraf Usef Ewais conserved a block with painted relief decoration (AK14-0382; kheker
frieze). The surface was covered with granular burial accretions that was disfiguring. It was cleaned with ethanol and

distilled water on a cotton swab.

3) Other tasks

Four fragments of limestone stelae previously excavated were examined upon request by Ms. Nishisaka. They were
lightly cleaned. An examination report for each piece was entered in the database. Due to limited time available this
season, further treatment was suspended, however, treatment recommendation was stated in the report.

Twelve copper alloy objects were examined. Based on the 2008 treatment carried out by Dr. Aoki, nine pieces with
possible presence of bronze disease were treated using benzotriazole (BTA). Non-archival storage padding was replaced
with polyethylene foam. Silica gel was placed in the box.

Upon request by Mr. Takahashi, a hard translucent crystalline material on a pottery shard was sampled for soluble

salt analysis.

chloride (CI) nitrate (NOy") sulfate (SO,%)  carbonate (CO,%)
crystalline material from vessel very + - slightly - -

Salt spalling of the decorated surface appears to be caused by chloride salts. Since desalination tried on 2
decorated fragments in 2008 are in stable condition, a routine desalination of important pieces are recommended prior to
reconstruction. Mr. Takahashi carries out another desalination trial this season.

2. 2012 Season
The conservation project for Waseda University in Abusir South was carried out between August 25 and
30, 2012. The goal of the season was the conservation of the lime stone sarcophagus of Isisnofret in a tomb chamber

discovered during the February 2009 season.

1) Introduction

In the end of the summer 2009 season, the tomb chamber of Isisnofret was closed with stone blocks and cement
mortar as well as a locked metal door and a metal gate. The chamber had been inaccessible since then due to the 2011
revolution. This season, the chamber was opened for the examination, the conservation treatment, and possibly the move

of the sarcophagus to the center of the chamber.

2) Condition
Tomb chamber

The tomb chamber remained relatively clean. The inscribed surfaces of the sarcophagus box, the fragments and
the lid were covered with plastic sheets in 2009. This protected them from dust/dirt. However, pile of sand was found
on the western rim and the interior bottom of the box. Sand appears to have fallen from wide crack(s) in the ceiling and
possibly crack(s) in the west wall of the chamber. None of the plaster crack monitor installed across the cracks in 2009
were broken. New crack monitor called “telltail” may be installed this season which monitor movement of cracks in any

two dimensional directions.
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Environment

Temperature and relative humidity in the chamber seemed relatively stable. It had been monitored by datalogger.
It was set to record about one year, and thus, it was not recording when the chamber was opened. A new datalogger was
placed as soon as possible. Temperature in the chamber while working was between 26.2°C and 28.2°C with the average
of 26.5°C. Humidity was between 72% and 88% with the average of 85.4%.

Sarcophagus of Isisnofret

No new damage was observed on the limestone sarcophagus box, the lid and the fragments. Japanese tissue facing
placed along the cracks in the west, south and north walls during the 2009 season was found moist. The tissue in the
northwest corner exhibited greenish-yellow mold-like material. In 2009, this area appeared to have been most affected
by presence of soluble salts. This might indicate that the area was exposed specifically high humidity or contains
hygroscopic material such as soluble salts.

Cracks in the west, north and south walls appeared unchanged. The underside of the box was wedged with

limestone and wooden pieces to prevent the bottom from dropping and detaching at the cracks.

Pigments

Black and blue pigments in the inscription were generally intact. However, the pigments on the west and the south
walls of the sarcophagus box that were not treated in the 2009 season due limited accessibility were friable and flaking
in some areas. Debris of the blue pigment was found on the floor along the south wall. It must have been fallen since

the 2009 season, possibly caused by soluble salts, vibration, etc.

3) Treatment

Prior to treatment, the object was digitally documented. The friable black and blue pigments on the south and
west walls of the sarcophagus were stabilized. Ideally, they should be treated with better access and after thorough
documentation. However, since the pigments were actively detaching, emergency stabilization was necessary.

The pigments were consolidated as much as accessed using 2.5% Paraloid B-72 in acetone. Diluted primal was
previously used because of limited ventilation in the chamber and its minimal darkening of the pigments. This time,
acrylic resin was selected since there is a possibility of mold-growth (as in the case on the Japanese tissue facing). Also,
an aqueous solution, such as Primal, with high surface tension, could not be easily absorbed into the pigment layer(s).
Since the access is limited and often the consolidant has to be applied from upper sections, it could be run over on the
vertical surface and push/move and dislodge pigment particles. The consolidant was applied by a brush or a syringe. A

mirror was used to view the area to be treated.

4) Moving sarcophagus

A plan for this season was reviewed with Dr. Kawai, Dr. Kashiwagi and Mr. Takahashi and myself. Originally,
Dr. Kawai planned to move the sarcophagus box to the center of the chamber for documentation and conservation.
However, discovering the debris of the pigments on the south and west walls shifted this plan. It was crucial to stabilize

the pigments before moving the box. Additionally, the following issues need to be addressed before moving;

- Cracks in the central area of the ceiling in the tomb chamber should be examined and stabilized if
necessary prior to moving the box below the cracks. This should be consulted with engineer or geologist
- moving method and equipment should be carefully planned and prepared.

- Determination of the final location of the sarcophagus to avoid moving it multiple times.
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Currently, we plan to keep the sarcophagus in-situ as it is safer for the object and ideal for the future display in the
original location.

Lid
Although we are planning to keep the sarcophagus in-situ, we decided to remove the lid temporarily to the
magazine for further study and documentation. Also, this will provide proper workspace for documentation and

conservation of the box.

Preparation for lifting lid
The lid was prepared for transportation. The pigment was lightly cleaned and consolidated by a SCA conservator,
Ismail Ragab Abddlah. Break edges were temporarily protected by cyclododecane. A pallet with caster designed by Dr.

Kashiwagi was built for each fragment to facilitate to move the fragment for study and documentation.

Lifting procedure
Ideal procedure was discussed with Mr. Takahashi who supervised the workmen when moved. The following steps

were recommended for lifting each fragment was made;

- One staff member stays in the chamber to supervise handling of the fragment to be lifted while another
member stays outside to supervise handling of the raised fragment.

- Arrigid box may be prepared for each fragment, possibly with collapsible hinged-side walls for safe access.
- The worked surface and edges of the fragment should be protected with smooth foam (close-cell
polyethylene foam.) Unworked surface may be protected with local sponge with a smooth polyethylene sheet as
an isolating layer.

- The entire fragment and foam and/or sponge is tied with a flat belt or a ratchet strap.

- The padded fragment is placed in the box. Excess space in the box should be filled with sponge to secure
the fragment.

- The box, kept as level as possible, is rolled or pulled upward in the corridor.

- The box, again kept level, is raised by a pulley consisting of a chain and a hoist.

- The transportation of the fragments should be supervised by staff. Vibration should be kept minimum.

- Once in the magazine, each fragment is unwrapped and placed on a pallet with casters. The pallet should
be padded with close-cell foam. Each fragment should be cover with a polyethylene sheet. This process should

be supervised.

5) Future plan
The following tasks remained for future season(s).

Structural stabilization of the chamber
Structural stability of the tomb chamber, especially the cracks in the ceiling and the walls, need to be reviewed and

discussed with a geological engineer, a structural engineer and/or a geologist. Possible scenarios are;

- The cracks are non-structural and stable, thus, only cosmetic work is required (i.e., mortar filling).

- The cracks are unstable, and thus, require chemical reinforcement such as epoxy resin injection.
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- The cracks are unstable, and thus, requires physical reinforcement such as jack post.

Moving the sarcophagus box
Ideally, the sarcophagus box is moved to the center of the chamber in order to thoroughly document and conserve
the inscribed south and west walls. As is described above, the cracks in the central ceiling need to be stabilized prior to

moving.

Preparation of moving the box

The main challenge of moving the sarcophagus box is its fragile condition and the location. The box is physically
fragile. Also, it is placed in a recessed floor which prevents the box from easily pulling/pushing to the center. It is ideal
that a trained mason supervise to move the box.

There are 2 cracks with gaps on the lower south and north walls. There is also a fine crack on the west wall
bridging the two above cracks. It is possible these are actually a break rather than cracks, and thus, the bottom portion is

already detached. If still intact, moving the box may cause break. In order to avoid breaking;

- Prior to moving, the cracks may be temporarily reinforced using materials such as carbon fiber fabric,
a rigid, lightweight backing, bracing the walls, brackets at the corners, etc. The reinforced box with proper
padding may be strapped with ratchet straps to hold the box as one unit.

- Prior to moving, the cracks may be permanently joined. Sandy debris in the cracks should be fully cleaned.
An epoxy resin may be injected and the bottom may be carefully raised to close the cracks. At this time, the

alignment of the joins should be perfect since it will affect joins of the rest fragments of the box.

Moving procedure and equipment

For lifting the sarcophagus, it is ideal to use a mechanical device such as a pulley consisting of a chain and a hoist
on a metal frame. This allows smooth vertical as well as horizontal transportation of the sarcophagus in the chamber.
However, the ceiling in the chamber seems too low to set-up of such a device. An alternative, more realistic method may
be lifting the box from the underside. It is not clear how much access to the underside the sarcophagus. The area under
the box appears to be filled with sand and limestone chips. It does not seem to have enough space to use regular hydro-
jack(s). Lifting from the underside requires extra caution as uneven pressure at the bottom could provide stress to the

already-cracked sarcophagus.

Treatment of the box

Once the sarcophagus box is moved to the center of the chamber, the following tasks are performed.

- Full documentation of the west and south walls.

- Conservation of the box including stabilization and reconstruction.

Site management
It is not too early to plan the presentation of the site including flooring, railing, signage, etc. This reduces handling
and risking the object. If the chamber will eventually be opened to public, the space should be well-designed. The

sarcophagus should be protected from the visitors, and at the same time, visually accessible.
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Install the sarcophagus in the original location:
pros:
- The south and west walls with well-preserved inscription will be inaccessible. This may be compensated by
displaying photographs/drawings.
- Keeping the object in the original location is ideal.
cons:
- This gives enough space for placing the lid on the box.

- This also provides enough space to keep them out of visitors’ reach.

Install the sarcophagus in the center of the chamber:
pros:
- All inscribed sides are accessible.
cons:

- Too tight to place the lid on the box.

- The object will be within visitors’ reach.

It is important to prioritize our goal that may partially determine the design (protection vs. accessibility).

6) Conclusion
It was difficult to previously plan work for this season because it was inaccessible for past 2.5 year. Despite
limited time, conservation work carried out this season was crucial to prevent the object from further deterioration, and
also, to prepare for the upcoming season. It was extremely beneficial to examine the condition of the sarcophagus in-
situ. This will enable us to continue our research during the off-season and prepare for the handling and removal of the
sarcophagus.
(Hiroko Kariya)

IV. Anthropological Study

In this season, two sets of the human skeletal remains from the site of Northwest Saqqgara were examined. Namely,
the remains found at the burial chamber of the tomb chapel of Isisnofret in 2009 and the remains found at the intact
multiple burial in 2003.

1. Skeletal remains from the tomb chapel of Isisnofret

The preliminary study of the remains was carried out in 2009. In this season, an additional study has been done
especially on the pathological diagnosis using X-ray photography by the kind help of Prof. Salima Ikram of the
American University in Cairo.

1) Number 1 skeleton (Figs.43, 44)

Almost all of the bones were preserved (Figs.43, 44). This individual is an infant and its estimated age-at-death
is 10£2.5 years old by its dental development and length of the limb bones. The sex of this individual is not known
because of its youth.

Attribution for known populations of this individual is probably Europeans in a wide sense on the basis of its
high orbits, anteriorly-projected nasal bones, and a receded dental arch and cheek bones. It has very large upper central

incisors as Europeans. The morphology of the skull resembles that of Number 2 individual.
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The cribriform plate of the ethmoid bone was perforated for excerebration, and the black paintings similar to
“eyebrows” were drawn on the supraorbital margins (Fig.43).

Several thoracic vertebral bodies are wedge-shaped (Th4, Th6 - Th8), which may be caused by the Scheuermann’s
disease or congenital kyphosis (Fig.45). Dental caries are seen in the right upper first deciduous molar and the right
and left upper second deciduous molars. Pathological changes are seen around the socket for first and second deciduous

molars of the left maxilla.

2) Number 2 skeleton (Figs.46, 47)

Most of the bones were preserved (Figs.46, 47). This individual is an adult female. The sex was diagnosed
as female from the width of the greater sciatic notch and the flatness of the eyebrow region. The age-at-death was
estimate as 30-45 years old, from the morphology of the pubic symphysis (Suchey-Brooks method). Her stature was
estimated as 162.7cm from the lengths of the limb bones. Although the skull of this individual shows many characters
commonly recognized in the European (Caucasians), as are seen in the Number 1 Individual, it has a unique mosaic of
morphological features from various living human populations, such as large upper central incisors, long distal limb
bones, etc.

On the one hand, the FORDISC 3.0 with 12 craniometrical measurements variables classified this individual into
the “Egyptian female” group out of 28 reference populations. On the other hand, this individual was classified into the
Afro-American, using a discriminant function of 15 measurements in postcranial skeletons calculated with the Euro-
American (N=50, Terry collection and Hamann-Todd collection), Afro-American (N=50, Terry collection and Hamann-
Todd collection), and Japanese (N=43, the University of Tokyo, Kyoto university, Chiba University, and Kyusyu
University) (Fig.50).

An abnormal periosteal bone formation and a diaphyseal swelling are seen in the right tibia, which was presumably
caused with osteomyelitis (Fig.48). New bone formation and discontinuity in the proximal articular facet of the proximal
phalanx of right thumb were suspected to be the healed avulsion fracture caused by extensive tensile force of the flexor
pollicis brevis muscle (Fig.49). As in the Number 1 skeleton, the perforation of the ethmoid bone and eyebrow-like

paintings are seen (Fig.46) .

3) Number 3 skeleton (Figs.51, 52)

Only about a half of the whole bones were preserved. This individual may be a young-adult female (15-25 years
old), which was diagnosed from the morphologies of the greater sciatic notch and pubic symphysis. Her stature was
estimated as 163.6cm. She has low and wide orbits, a wide forehead, a stout coronoid process of the mandible, which
are quite different from those seen in Number 1 and 2 skeletons. In addition, she has an extremely long forearm bone
(ulna), and was classified into Afro-American by the abovementioned discriminant function of postcranial measurements
(Fig.50).

There is a circular bone resorption at the posterior surface of distal metadiaphysis of the left femur, which can be

diagnosed as fibrous cortical defect.

4) Number 4 skeleton (Fig.55)

About 1/3 of the whole bones were preserved. This individual may be a young-adult male (15-25 years old),
according to its morphologies of the greater sciatic notch and pubic symphysis. His estimated stature is very high,
183.4cm. Generally, the morphologies of the bones resemble well those of Number 2 skeleton. With a discriminant
function of 15 measurements calculated from Euro-American male (N=50), Afro-American (N=50), and Japanese (N=50),
this individual is classified into Euro-American (Fig.61).

Degenerative change and osteophytes are seen at the auricular surface of the right innominate bone and cuboidal
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articular margin of the left calcaneus (Figs.58, 59). The occurrence of these bone changes around articulation in spite of
his young age indicates that this individual was put under physically harsh conditions.

Periosteal bone formations are seen in the right and left tibiae. There is no expansion or constriction in the
medullary cavities and no cloaca on the X-ray film (Fig.57). Therefore, this disorder was diagnosed as periostitis. A large
circular bone resorption is seen at the right ilium (Fig.56). This pathological change may be caused by osteocystoma or

osteosarcoma, because it is a singular resorption and not accompanied by bone formation on the X-ray film.

5) ldentification of the individual of Isisnofret.

The Number 4 individual is a male, which means that he should not be Isisnofret. As is known, the face of the
King Ramesses Il shows typical European features. The Number 1 and 2 individuals show European features, while the
Number 3 individual shows African features. Thus, the Number 3 individual might not be Isisnofret.

The Number 1 and Number 2 individuals might be in blood relationship (mother and child) because their
mummifications were carried out under the same style (the drawn eyebrows in black and the perforation of the ethmoid
bone), their faces resemble well with each other, and their upper central incisors are extremely large as Europeans.

If the Number 1 individual is Isisnofret, Number 2 individual might be his/her mother and the wife of Khaemwaset,
the son of the King Ramsses Il. This means that the tomb chapel was supposed to be for the wife of Khaemwaset,
which contradicts the hieroglyphic evidence of the tomb chapel. Thus, the No. 2 middle aged woman might be Isisnofret

herself.

2. Skeletons from the intact multiple burial

Preliminary identifications were carried out. Tentative results on the contents of human remains are listed below.

1) Human remains outside the coffin
Number 705: Adult male (30-40 years old)
Number 763: Adult female (20-40 years old)
No number: infant

2) Human remains inside the coffin
Number 802: Child (4+1 years old)
Number 803: Child (642 years old)
Number 804: Probably male child (10+2 years old)
Number 805: Child (943 years old)
Number 806: Child (7+2years old)
Number 807: Young male (15-19 years old)
Number 808: Adult male (35-50 years old)
Number 809: Adult female (35-50 years old)
No number: infant
(Kazuhiro Sakaue and Hisao Baba)
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V. X-ray Analysis of the Objects

1. Characterization of several colorants used for the New Kingdom Egyptian glass and faience

The results of chemical identification of the colorants used for the New Kingdom Egyptian glasses and faiences
were summarized in Tables 1 and 2 based on our nondestructive analyses of excavated objects from Northwest Saqgara
and Dahshur North. Possible sources of each colorant were also listed in these tables.

Following our previous researches, we continued to focus on the cobalt-blue glass and faience belonging to the
Ramesside Period (the 19th-20th Dynasties), New Kingdom of Egypt. As shown in our previous analyses, the cobalt-
blue colorant used in these Ramesside objects was different from the colorant derived from cobaltiferous alum used in
the 18th Dynasty, based on the comparison of transition metal composition and alumina content with those of the cobalt
blue-colored artifacts from the 18th Dynasty. This result suggests that a new cobalt source other than cobaltiferous alum
from the Western Oases was utilized in Egypt during the Ramesside Period. On the other hand, we newly found that
variation of the manganese content in the Ramesside cobalt-blue colorant was much wider than that estimated by our
previous analyses.

Similar to the study of the cobalt-blue colorant described above, we continued to focus on the ancient Egyptian
yellow glasses and faiences colored by the addition of synthesized yellow pigment, namely “lead antimonate
(Pb,Sh,0-)”. On the basis of the comparison of the contents of some elements that could be derived from the impurities
of lead source, both compositional similarities and differences between the Ramesside yellow faience excavated from
Northwest Saqgara and Dahshur North were revealed. As pointed out in our previous study, Ramesside yellow glasses
excavated from Dahshur North had the characteristics of the lack of zinc, in spite of zinc-rich composition of typical
New Kingdom yellow glasses. The inclusion of zinc in the New Kingdom yellow glasses and faiences must be derived
from the utilization of zinc-rich galena (lead sulfide: PbS) from Egyptian Eastern coast, e.g. Gebel Zeit. We newly found
that yellow glass objects belonging to the 18th Dynasty from Dahshur North also have a zinc-poor composition similar
to the Ramesside objects. These results suggest the presence of the glass workshop(s) using zinc-poor lead ore as the

raw material of yellow glass during the New Kingdom Period.

Table 1 Colorants used for the New Kingdom glasses and their possible sources

Color 18th Dynasty Ramesside Period

Deep blue Cobalt Cobalt
(Alums from Western Oases) (Unknown cobalt source)
Opaque yellow Lead antimonate: Pb,Sb,0; Lead antimonate: Pb,Sb,0;
(Galena from Eastern coast) (Unknown lead source)

Pale blue Copper Copper
(Scraps of bronze objects) (Scraps of bronze objects)
Opaque red Copper Copper

(Scraps of bronze objects) (Scraps of bronze objects)

Table 2 Colorants used for the New Kingdom faiences and their possible sources

Color 18th Dynasty Ramesside Period
Deep blue Cobalt Cobalt
(Alums from Western Oases) (Unknown cobalt source)
Yellow Lead antimonate: Pb,Sb,0; Lead antimonate: Pb,Sb,0;
(Galena from Eastern coast) (Galena from Eastern coast)
Pale blue Copper Copper
(Scraps of bronze objects) (Scraps of bronze objects)
Red Iron oxide: Fe,O4 Iron oxide: Fe,O4

(Unknown iron source) (Unknown iron source)
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2. Re-analyses of ancient Egyptian faiences

Because we brought newly developed X-ray fluorescence spectrometer to the site in this season, we re-analyzed
several faience objects previously analyzed by older instrument to obtain more detailed compositional information.
Introduction of the vacuum chamber make it possible to discuss the alkaline component of faience. In addition, because
of higher energy resolution of the newly developed instruments, we could achieve more accurate quantification of trace

elements contained within the ancient Egyptian faience.

3. Compositional analyses of “Egyptian Blue”

In this season, X-ray fluorescence analysis was newly focused on Egyptian Blue, one of the most major pigments
used in the ancient Egypt. We analyzed several Egyptian Blue objects for different purposes, e.g. ornament, inlay, and
pigment, belonging to the 18th Dynasty and Ramesside Period. It was found that most of the Egyptian Blue objects
contain a significant amount of tin; thus, scraps and rusts of bronze would be used as the copper source in the production
of Egyptian Blue, as pointed out in other copper-colored objects in New Kingdom of Egypt.

Comparison of trace element contents (e.g. arsenic as impurity of copper-blue colorant) of the Egyptian Blue
objects suggested the possibility of a compositional transition during the New Kingdom Period as shown in Fig.63. In
addition, we found that trace element composition of Egyptian Blue objects can be comparable to those of copper-blue
faiences and glasses produced in the New Kingdom of Egypt. Whereas the New Kingdom Egyptian copper-blue glasses
tend to contain high amount of arsenic as impurity of copper-blue colorant, copper-blue faience produced in the New
Kingdom of Egypt show lower arsenic amount. It is possibly that these two tendencies of arsenic content shown in the
New Kingdom Egyptian copper-blue glass and faience could relate to compositional transition in Egyptian Blue objects

as discussed above.

4. Influence of surface weathering of glass
Because we used a nondestructive analysis technique in this study, the results of the analyses may have been
affected by surface weathering of the artifacts. To estimate the degree of surface weathering of the glass artifacts
excavated from Dahshur North, we analyzed three kinds of Ramesside glass objects (deep blue, turquoise blue and
yellow) with freshly broken sections. As shown in Fig.64, our analytical results of these glasses clearly showed that
heavy elements used for our compositional characterization are much stable against the surface weathering, although
light elements (especially alkaline component) could be affected by the weathering.
(Yoshinari Abe, Kanae Toyama, Ayana Nakamura, Aya Okoshi and Izumi Nakai)
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