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FRIENEFERAHAEBRAETY T FEHENEFTOREOFETT IR0 XL, fKEZE 1P
2ENCEERTICHRT 2 E VNS DENRD L=—I T, HlE%ROHZNEZ WEB TY ICARTZ &0
DFERITBBHERINIRES I LEIELEBNET,

BATAERFAFRDBHER TS S ENRE ET. HIEIHR NEDI NP LULETLREA, T TICRMHEKY
TS0 FDRERNH STV T PHERES ST L, AZELLTHHENSHBDTY, KT, AFITHAE
DITT bEHLOPLOE S TRSH L WIRE - RN 2 DO SN L3 REFSLVWIETY, %
oo BEORBEREFMICL T MEHLAEIY R =D AL FOA=AMES N, LFEEDOH NS 10 O AEN
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Preliminary Report on the wooden pieces of the Khufu Second Boat
Part 3: Forecastle

Hiroyuki KASHIWAGI™, Ayano YAMADA™

1. 3IU®IC

HA- L7 hNERMAERICE 27 7EHE 2 OMRE - @R 702 =7 ST, KAMZERDZEBIT (i)
Mok, B K THEERINZESRERE A RX0) OFMMFERINZ. T OEEY O SHE 2B
FUAER. BETL2E 10O et (Fig. 1) SFLL TWL ZENHBAL ., £ 2 TARMITBWT
HINEMEHEIERZ EICL, B0 BT sh S of@s ziinizn Y,

O

(&K 2009, M3 KD)

Fig. 1 551 O itk

% LA AEBKSR I YT NEH3REHT - % B80T * 1 Visiting Professor, Institute of Egyptian Archaeology,
% 2 RARH RS2t - - e Higashi-Nippon International University

* 2 Doctral Student, Graduage school of Letters, Arts, and Sciences,
Waseda University
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2. Ft DS

RO IAE. B GRYD MO BERIE < I8 L. KISR0 B o 2 BM O FICEM . B
iEZ DRI BTV (Fig. 2),

KIFiE 5 ADRD 17 6 K DR (00079-0084) % B = i < =M T, 2AKIIMEIC EVABPE 2L TV 5
(Fig. 3). MEHOAART &S CMOMEMICEINE EEZ SN, EORDLHIE. BOLELAH/H

00084
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BE7/2%, MTINTIZIE OB e fl 2 P68 I aT TEM . 2EEEIE,
5 15349 2000mm, fif & f 3% 1100mm,  fi A O fig 234 1530mm & H,
EHonik,

ROJEAITH 15mm &<  WRFE X 5 # o MAZF Tl N TWn 5,
D 2 KLNE A3 80mm (00079) . #J 55mm (00084) &<, FED
Ui AT 220 DAMNEFNFNS DR SN T W=, —JF D EAIE
WROBFEEDIMMBEEH D, EVWS XD, HZ2ZT3 ) LR
L= A0y Td 5, K (00079) Tiifg 80mm 5 % 60mm 234712 B 72
0. BROHMIEAZWS LRIARO iz >Tnd, TRbObEHTD L
HWRIEZ#FNQDMEETH 5 72,

5D @ FLIZE L 20mm, R FEII AR & 1A 5 515mm, £y 480mm, &y
500mm, #)515mm Td > 7z, fLIFRMEITH LEDITHZNTHD, 2D
A EIAEDBREICE TSN TV S KM AFE LRl 2 5 < BIZB
Fon Tz (Fig. 4), RORIIMINTERL, KfFouyokeEs  Figd H- - ROBIXD
BT D2 LI TERN DN, T+—)V MIToH > nlBEMHEDI R W,

¥ (00078, ©O0085, O0088-0090) (IHkD FMIIZ, TNEBERT D HMNIC 5 APE N (Fig. 5) . 42O i b
WAL 5, RIFROMRICE T 5Nz 5 DDfICER SN TS, ROMEIL 50 ~ 55mm, FliX
WINBHMEICIHTIN., EAEIRDRKENEIATR25MM THo /-, 2 LEOWE., HHORIZHZS
#1 65mm DEf s DT, B ZH > THEHIZEN TV,

H

\ \
— 00085 = 00090
\ \
— = —= £ R P
E——; S ——
==
\ [
e [— 00078 c O —— 00089

00088

Fig.5 #
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S5ARDEDS Blikid 2 4 (00078, 00085) &, Ly DN & KM DIES G372 Hl > TEEZEIED .
T ZITRIFR DG D K S 7t AT > TWiz (Fig. 6, 7). — B WAMIPE 2 Z K AR D i & LTt
HINTWd, HD 374 (00088-0090) DL, REAFHICM T INTRES A, Wismld—EHID% &
NTHIN D HEE T 72> Tz,

P ERITIIEH 2 BB T 2A0ERBT 5N Tz, fLId 30mm i Z E§En 7z 2 it s, eheh
O H =2 RO P ERD EHICIZ 2 DDA ZE I ITHEWEINLEN TV, EELZ 2 #—xD
FLZHRE TRRD 54, BER SRR, FEMR S RERS, TSR SR ZOFLICKRETZ AL TRD 5TV
foo EREWBEFTENZILBHEO SN TV, MEED 2E MO DR EREHAD DD ICHIT 5N, Rk
DFETHE SN AERESE VA, A ORENE S RETDEIN Y IVIIHRTER0 > 7,

HiERNRETDHLELAS nATOFIIE. GFI0ARDHIMIBEL TWeEEZEZSNLN, TNETIKWD I
5721 6 4 (00091-0096) I E - TWwd (Fig. 8), WINdRIFRDO MG ICHIZ AT TE
NNTWe, MUTIRENES, YYOEIZRTBE2BEFT—ADLBN >k, ZODELXDHENEDA
BIBASN TV ENEMS I LIZREETH S,

HENIVOEE LEEHAZ 72 b
DHE) BT EI NS KT Wi .
HEEHIZHETH S, REFICIIHERD
LI AT MR OENHID I TS,
FEHHEOERIITHIFZENSI LS B>o>TWVDS,
FREDFEE B THRRT S (Fig. 9, Table
D,

FE (00094) 121k, NIVENZE S A2 DT
Tt Fozmineigansz (Fig. 10), £
i % BT 5 imr-wrt &z 50, BB
R AREESET ENS, BBHMO5AD
FEIZIE W U BT IC KRR TR 5 e h - 7z,
F /=4E (00091) DEAIZIL 3 A D LR AR
N7z,

Fig.6 # - Mrob = £ 0 Fig. 7 #fEREX
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00091 00092 00093 00094 00095 00096

o
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3

Fig. 8 H=

M1
Le |

;

Fig.9 & DAFR Fig. 10 XFD4lEN /= (00094)

Tablel #HkHO~Fik—E (Hf7 - mm)

00091 00092 00093 00094 00095 00096
Ex (a) 58 - 54 53 70 53
i 2% (b) 18 17 15 12 17 17
HEEE = (0) 67 - - 75 67 70
FEBE f K% (d) 60 68 - 53 51 58
FEE 7% (e) 32-38 30-32 27-34 22-33 20-37 23-37
2 E GREDH) ) 1632 1249 1232 1406 1686 886
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3. MeEHEDALE

BRI SED B S NAHR R Oz, BOR-SFZERE L. WlpiZ 5 DOINE N EHM N E
FNTW (A - (LH 2018), FLORIBEIZED R > 72N SIEIC. 2> THMAH 520mm, % 520mm,
#1495mm, # 524mm, FEI73H) 470mm, K 520mm, ) 480mm, #J495mm TH oz, £LAEMATT
Z 5B ILEO P ONHIAE 1000mm, 7 O & W EIAY 1500mm., iz 5 O F X134 2000mm TdH - 7z,

—HMEBORIFICHIT SN OMBEIE. REDORWAM (00079) TH 515mm, ) 480mm  #
500mm  #) 516mm EFHEIE A, F2 AL &K AL BT FEEIIE O W A1) 1050mm, KW HIAIK) 1480mm,
WG A3 2000mm Tdh > 7=,

MEOMEITEMT 5 E N> Tk, FROIAICHEBOHENFAIN TWEEEZ SN D, FLIFFRODSE
U <. R OZKICIH > THITS N T, ZORKIIMAORARICEREEL ThWitBZBA6N2 T E&n
5. IRERS X2MAEOKIGEVWEICETSNTWEEMESINS (Fig. 11),

4, INgE

ot vERID S EEOEM AR SNz, EAESAT OO RITZNZTNEMN 5 AT 5N, AN
o THIDNHEE 5Nz, HO EHIZRHF Bz, HORIZ 4 O RHRAES N/,

EAIZS DOANELNZHRNED EF 5N TH0, JLOMRIIETS N2 E O MEMRE S 13—
LTWe, 20720 Z ORROAICHEROEMNFASNZEEESIN S, HALIZHIROKICH > THIT S
N, EEFRIIMAEICEL TWAEEEZSNSZ NS, EEIIMeE AT <2, Eo&Icih> XS
WCEHEBEINTW I ERHSMhERS T,

Fig. 11 fhErtEHEEE T

e

AWEIZ T 7FEE2OMEGER 7O 27 M ICBWTENBIONETEZHLY LR REO—TH S,
JOY 7 hADOBMECHAWEZE Wz, HARMIREDHRERE HAREBRRFEEITEEHEL BT
DRETH D, -HHHABEORTICH 2> CTERMNEERGEECEAAREBRREZEIR) YL Ry —)\.
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Z—NBBEEE (FFELEBTEEERE). 71— - OF DREGCEEEERE (R 7 MEY
R FEEEL >4 —HE) WRICBHEICR > 2. WD B 2#EY LsEBEA K CGRHAREBE KRR Bl
fil) . BEEEDOLED RO 2T AR TR CEHAREBERAE BHRIR) ITTEMICOWTHHZRE)
SEWEEWE, b TE#RL EiFn,

AROMMRIERIZH 72> Tid, WEE (PHEREER 4 6), P (R KZESCERR 3 4) I
hhnizizniz, Bk L kiF s,

AT7OT 7 M MNATBOENEE R IR QICA), (k) = hU. (BK) 772 k. NPO 3 A KR Ofif
BIRMAFREDTHE, Z2<OXB\FEFOTFMICIOERITEINZ, BERBMITLIDEHOEEZRT D, £/
WFZEERFTICEE U Tld H AR BN IR Bl S B A s B il & - B (A) THRIPT R - 77 EE 20D
BIFICBId 28] (FFEAERE - BIMANRE., EE S 26257309) BRI E FHIE (B) TEMEN AT
LRI R 2RI D7 bR OEM TRIL) FEREE - ILEE)y,. #EES 17K13570) 0 —3F
ELTHED BNz,

it
1) INETOREPITEMOFMIIONWTIIL TOSE I E BRI N7z 0,

S5 3k

Zidan, E., Yoshimura, S., Taha, M., Kurokochi, H., Abarabou, A., Nishisaka, A.
2017 ldentification and selection of wood used in the Khufu’s Boat, Science of Ancient Egyptian Materials and
Technologies Conference, Cairo.

A
2018 TR T b, 77 EH 2 OMOFREICH O 5 N BRI DWW T TPty 5415, pp.109-
126,

ARM.Z - (LHETY

2016 27 7 F4H 2 OO FHRETHWSNZEM ORENIE) T4+ >~ 5559 %55 2 5. pp.264-265,
2017a [ 7 7 4 2 OMERFER Y 01 —HFRETMICONT—) TEFIYT MEHFRLE]
%45, pp.16-71,

2017b 17 7 5 2 Offy K OBLE S M%) T > b 5 60 %56 2 5. pp.259-260,

2018 7 7 FEH2 Oft Btk —FRHHAE#REZD2 — ) TBFTY 7 FEH¥ARKE] 556 5. pp.3-55,
BWNEE - HHEGE

2012 T2011 RO 7O Y = 7 MEBTHE ) [T 7 NEFEL 5 18 5. pp. 69-76,

2013 T2012 4EKFGOM7 O Y =7 MEB#E ) [T 07 NS 5519 5, pp. 5-13,

2014 12013 E KoM 7 O Y =7 MEBE ] [T 7 ML 5520 5, pp. 5-11,

2015 2014 F KBGO ~7 02 = 7 MEBHE ) TT2 7 hEpigts 5 21 5., pp. 5-18,

2016 2015 KBGO 7 0> = 7 MEBHHE ) TT 27 Mgty 5 22 5. pp. 5-13,

2017 2016 FKBE M7 O > =7 METHE ) TD2 7 Mgl %5 23 5. pp. 106-113,

2018 12017 KB OM 7 0P =7 MEBE ] [T 7 MERSD 5524 5, pp. 3-10,

HRIDTFIVT7EETI v R 12 0 OREBEICET L% 02 27 MR
2002 TREZOf (11 —27 7 £55 2 Ot Tliidd & s — ) THE TR ER%ES] vol.B3,

L Ty
2016 27 7 F5 2 OMOEMICR S NAF « FIRERIAMR) T4 2>~ 5559 &5 2 5. pp.243-244,
2017 T2 7 EHE_OMPREMEE S EBAMICEE SN2 30F) THhRE) 55 177 i, pp.92-108,
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Scientific Analyses of the Organic Materials of the excavated artifacts
from the Khufu Second Boat

Miho TAKASHIMA™, Rio KARINO™, Takashi NAKAZAWA™,
Yoko TANIGUCHI™, Akiko NISHISAKA™, Eissa ZIDAN™®

Abstract

To identify the original materials that would have been used for building of King Khufu's
Second Boat which dates to the Fourth Dynasty in the Old Kingdom (c.2,500BC), scientific
analyses were conducted to characterize organic materials such as proteins, vegetable gums,
oils, fats, resins, waxes that may remain in the excavated materials. The aim of this research
is to provide any relevant knowledge on the conservation material and future reconstruction of
the Second Boat as well as knowledge on ancient techniques, especially on the use of binding
medium. For the protein, when the presence was confirmed, it was also hoped to specify the
animal species. Analyzed samples included mortars which were originally used on the wooden
pieces constituting (1) deckhouse, (2) deck floor, (3) plant fibers deriving from woven mats, and
other unknown black substances adhered to the (4) oars or (5) linen chunks. For the identification
of the proteins, matrix assisted laser desorption-ionization mass spectrometry (MALDI-MS) and
electrospray lonization (ESI) MS and enzyme linked immunosorbent assay (ELISA) were used. In
addition to these analyzes, gas chromatograph / mass spectrometry (GC/MS) was also performed
to identify oils, fats, resins, and waxes. However, from the excavated samples analyzed, we could
not identify any proteins with relatively low water resistance, nor plant gums, and water-resistant
fats and oils, resins and waxes in these analyses.

1. IC®IT
77 EHB20MmT DY s bR GE EEFHMUE 4 £89] (REIoaf 2500 ) ITFAFE L TWh 2 lRE
NWodH25 2 NVE, WAL WlE. BIE. OUZFRETSZEICKD, Z7T7EH2OMITAHsNTNY

sk 1 [ENT PUPESENEE - P - RERFIIEEE * 1 Conservator (Conservation Science),

* 2 JREIFREREBENESEIFZERE - a2 s National Museum of Western Art, Tokyo, Japan

* 3R BT REMTEE B R A R A REE - #U% * 2 Graduate School of Humanity and Sciences,

* A4 BRI NSRS R - HEEIR Nara Women's University

* 5 HHAEBRK YT YT MNEWHERITT - FEMBIR % 3 Professor, Department of Chemistry, Nara Women’s University
* 6 LT MEHAKRT YT MEWEE - InallE - IaB iR * 4 Associate Professor, Faculty of Humanities and Social Sciences,

University of Tsukuba

* 5 Visiting Associate Professor, Institute of Egyptian Archaeology,
Higashi-Nippon International University

* 6 General Director, First-Aid, Packing and Transportation,
Grand Egyptian Museum, Ministry of Antiquities, Egypt
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ETHAIF)PFTIVOMEIOFEEZITV, ZORE. %2 O OEITD 20 DBEEMENIEET 25 2ol
REATEODITBEMICET2HMAEHEL I E2HEEL T aiTo k. BREDHRI NS NI HEIT
DNWTIEZOEYHEBRE TSI EZHEE Lz, oM L2idBHE, i O FRSHRE Z k9 2 AR
HELTWEEINYIL, HREORSLA —IVICHEL TWREaWE, oM TRALZ Y & @) »
SHEMLEZRERETH D, ¥ NTHEOHHNIZE, Y N w7 A B L —— Bk 1 4+ 21t (MALDI)
WHOIDKBESESE T I 11 (ELISA : Enzyme Linked Immunosorbent Assay, [k & 0B W5 1)
EHWE, B, TY7 k- O0—<KA{E (180-200 AD) DR iE O HEMIZ DN - BEEM (Mazurek et
al. 2014), BXVO L7 bl EEKRHRES 6 9] (2325-2150 BC) DO FEDBEE - ITE N TV BEM
(Kawahara et al. 2012) ZWINbB T EHRO DT 7 > EREL THBO  BMEORE X THAEETH 2.
REOERPZT T T O FEDOFERITGEL . FRY NI EELTEET D AEEMRDEWN &En
5. FEOGMTHE -7 =7 > OMBITERBIEE L THEfT o7z, T A PEEHRTUR R ZF)
HAUEHIET, 208 (@ - AR, W, 207 YA > ORE) ITATHEYT A DRENIHET &
., LALEHHEOREITERN, AHROTY T~ - O—<K{L (180-200 AD) OFEHETI T —7 >
EOIE Y >\ ZEFE L6 (Mazurek et al. 2014)  AD1 ##ZA D)L hF—Y amS8IAY > /N7 &,
B, MW7 L TEE L7z (Scott et al. 2009) 7 ENH B, TNHDOHMITMA. WlE. BHE. oUz
FEST2H20ICHArOR 57 &S HiE (GCIMS) %L 7z, i U 7zidk kbt & FE i L 7= 0 HiE i

Tablel MALDI, ELISA, GCIMS IZ X - T/ L 7=tk

Akt &5 @ i) e |EBMELD B Ak IPREN
JEE ELISA GC/MS  |MALDI-TOF
i i S e B | <l FAAR 2= EIL# )L |00005-1 X X
BB -4 AR FA AR = EI)L &IV |00128-1 X
KHEINHIL
B 1-5 @R FA R = EILH)L (00173 X X
AIBE )X )L
BB -6 [N—T o [HR=E E)L4)L |00170 X X
HIEE )N )L
HEBHI-TOR—=2 2 [FR=E EILA )L 100152 X X X
AIEE )X )L
ek 1-8 || FA MR E)LH)L |00171-1 X
AIBE )X )L
HE 2 [k 2-1 |X"—Ta [HRkR EILF )L |00267-2 X X X
RV 0485
Akl 2-2  [(N—T a2 |HK EJ)L& )L |00611-1 X
N )V i
Bk 2-3 [k R i E)L&)L |00611-2 X X X
EFY T 0485
e 2-4 | FEfA AR EJ)L4JL |00611-3 X
RV
okl 2-5  [AEf = v | BILZIL [00611-4 X
TR
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k3 |ElEE3-1 | BEfa K& e 00204 X X X
(juncus)
el 3-2 [ AKfer FA i Fit ) 00285-1 X X
< MR (juncus)
ikl 3-3 | Aefa FA i & W) 00285-2 X X
~ v MR (typhus)
Rl 3-4 | Kefm k= L] 00140 X X X
EELS (juncus)
Aek4 |RdR4-1 |2 F—J)b HEyg (00117 X
7L —R
aE4-3  |H F—)b Hayg (00303 X
7L —R
okl 4-4  |H R = HayE 00166 X
SEEE
Bk 5 |AlEFD 5 By NG| R+ (7R L X X X
HeyH

Figl FI#ER#EE (00005-1) B2 7 E)L4)L GREH1-1)  Fig2 B (00267-2) R/ RA—Y 2L &)L GGk 2-1)

Fig3 Kz (00204) < hIRAEY) GlE}3-1) Figd #—)b - 7L —FK (00117) BEaWE Gkl 4-1)
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Fig5 & beum  HERAG + REME GUELS)

DINTIE Table 1 BX U Fig. 1-5 12/ L 7=,

2. FEEIjE
21, %N w I AZHEL —F—tEE 1 4 >t (MALDI) 1[ZED<EaEniik
211, & 2\ EOHH

—MRIZH XTI BEENS TH, KITRERY 2N EZE IO DI aE LT 2 HIEIEEIC L > TRE
<HEE5, AEIOSITTIE. RICERXREZLSICTHRBTE2@ENIRbEVWEEZSND T —F > NEE
LTWaZEZRiRELT, T &N ERATZ, 2720, ZOHEEZANWTHE FOKFELEENS
BATZTIF %, DO TUN—IV>ORMADR AR (Nakazawa et al. 2016) mo5 A > DX D 7%
ZUNRTEBRETETWDOT, HMESTLHAT =7 > ORBOAZHANELZBDTIZRNWI &1
FEELTBERN,

a7 =7 i, INETRNITHNWTW S kel A7z, sk (2-10 mg) % 1.5 mL o > 7))
F 2 —7H T 500 uL @ NH4HCO3 (50 mmol/L) KiEHKE EDIIH T ABRERZIIANF 2 I TTODRLE
#%.,60°C T4 KFMHRE L /= ~¥EY % 10,000 g T 5 77 [iliE .00 B2 2 0 b5 2 = O IRMEH 7 « )L & — (Amicon
ultra MWCO 3k) T 30puL £ THEML 7z, OO (50 uL) & 08> 7 IV A &L TKROD MALDI
BESWICHELZ, FDFDIZ 20 ng/100 uLNH4HCO3 (50 mmol/L) @ kU 73 23k 5ul =%, 37C
THI 24 BEIMAL U 7=, BER MY 2 e iEuz 1%, 0.1% CF3COOH /KiFk #MA Tt (K pH 3) icL/=
Vi 7y TR 1 2 L (Ziptip C18, R URY HXath) 2@ U TR, IR L CEESTAY > 7 )L B
Lk

212, EHE/HT
MALDI-TOF 3 X X MALDI-TOF/TOF Z X7 ~)L OH#IE L AXIMA® Performance (SHIMADZU/KRATOS,

Manchester, UK) Zffifl L7z, T XTOMEIZEFEL —HF— (337 nm, 3-ns /X)L Aig) ORHICK-> THE
CHRIPTATA A ONWTYZ T E—REFLARY L7 O >E—RTfrok. UZ7E—RIFHY
T WEEELTOWRWY S TIVARZDWT, £2U 7L 7 O2E—RE M) T 2EEBEOXRTF R
MRV TIVBIZODWTENENTW, VI LT ROYE—RTRTF ROBFEEERETLE—IN
BRSNS EITET 0T 2/ BES 2 TS 5 72 O post-source dissociation (PSD) ik 245 > F A
MS (TOF/TOF) #1755 Z &ZFMAIL 2. EBIZIZEDT > TIME XTF RHEOE - i TN
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Mo DT, TOFTOF ifidfran->7z. <~ w7 A% a -cyano-4-hydroxycinnamic acid (CHCA) %
T rZhUILE0L% b T7)LA OERKIER 2:1 DIRBGIRICIHEN L THMSEZb02EM Lz, &Y
STV Sul & N Yy 7 AR 45uL & MALDI & —%y 7L — kN ETRG L., MEENELZ, X
X7 MVO Mz EO#IEIE. CHCAZY MY w7 2&E LT, ACTH 757 A > | 18-39 (m/z 2465.19) &
bradykinin 7 < 77" X > b 1-7 (m/z 757.39) AW {717,

22. =71k (ELISA)
221, TIAHFIEIZDONT

I oA FERFURYUARIS 2RI L ETHNBREY 2~ ng/ml TRIETE2HETHD . BT O
T UILFE—WEOREICH N SN DR EEEDEY - HEPHTIY KL EHETH D, UM DI
BWTIE., T FEERWIUT & AREMDERED S > N7 BT LA OREGY (Bl AXIER &
TSETHL) THoTHLEOHHTHELZ DY N7 EPH L%FETESHMN, FT-IR L. GC/MS ik
BRECHRTENTWS Wb TWS,

22.2. W FIE
G OMHE ELISAE (ERWAEE) 2R W, DUF, fBEICFIEZL T, #MlIE R (Takashima
2018) =%,

O© FHEHKImgZETA 70T 2—7IZANKI100 1 L OFE R (EB: Elution Buffer) 22 T1%¥EKR & L 7z,

2 H#iE, (EB O#LEL : 5 mL @ 1M Tris-HCI, 1 mL @ 0.5M EDTA, 180 g @[5, 25 mL @ 20% SDS
A A MK E AT 500 mL iz U, gz H LT pH7.4 1[Z3%8)

@ OOFa2—7 7,5 30uL &5 T570 uL » 100 mM NaHCO3 ik Z ik, Z DE#KRE 96 7 2L D<A
707 L —hDET TIVIZIEALE, FEIZ 1Y TINICDODE4EBOOHFRETHE 1T 2 IVITHE A,
AT )lD5E 3T o I)VEL EDGEERKE Z R, YR DODWTHE. DEVEHMNY DNV ENS
EFN5EHWTHI LKL, XM 2707 L —8&24C BEEN) TIHREELZOE, Y lns
Wiz e U7z,

® JnwvF>F, Hifk #IM13 LiFZ Sea blocking buffer, # JIM13 (213 BSA (Ui 7 IV T I ) &ff
ML,

@ 1 R¥ik (Table2) #¥ML TEHIE T 2 FEMKIGE S /.

® BEFREH 2 Kbk (Table 2) ZHMU THEIR T 2 KRS 7z,

® HEZEMAFHMEEES S,

@ 20~3043%icv A 707 L — kY —4TEHE 405 nm, FljEE 630 nm OBSEEZHELZ. @. 6.

® D #EERTIZIZ PBS (Phosphate buffered saline) 12k 2 ¥i% %175 72,



16 BYLYT hERRE BTE

Table 2 ELISA Tffiff L 7= Hifk

H g LRYUE FRE) X 2 Kbk (FFHRZR)
9 Ovalbumin Rabbit IgG
#ab1225(1600) #AP132A (500)
g (vFELN) Collagen I Goat IgG
#ab19811 (400) #ab6742 (500)
e (9FLSH Collagen I Rabbit IgG
#abh34710(200) #AP132A (500)
NI AEA Casein Rabbit 1gG
#bs-0813R (400) #AP132A (500)
WAL (75T H L. BB L%, |Arabinogalactan Rat IgM
NZH A N A EARE) protein#JIM13(50) #A110-100AP (500)
NI N A Gum Tragacanth Rat IgG
#MAC265 (50) #A8438(500)

X H#IML3 & #MAC285 13/ 7 o—F )b, ftid Ry 27 o—F )Lk

23. HZxrax N7 7 1E&5HiiE (GCIMS)
2.3.1. FUALEE & SrHr St

EHT TMTFTH (3-(Trifluoromethyl)phenyltrimethylammonium hydroxide, 5% A % / —)L¥&¥#& , TCI #1) &
VT OREKR (1:2) IT&07 b, AFIUEZETT> 7= (Mazurek et al. 2014), F9alklz /N1 VILIC
Wi, 2212100 1 Lo TMTFTH RS ZIRIM L. 60°CT 1Rl /2 d & GCIMS IZTIE A L7z, 7 #TiC
12 Agilent Technologies %1% 7820AGC system/5977B MSD i L 7=, LI TFOEBD TH S,

AL : 300C, A A7 Uy MLAE AHaBNX—), HAR :1p L, 524 :DB-5ms, T4
M : 50°C (2 43 f-FF). 20°C /4y T 230°C £ THIR (5 /rMiIfREF) . 10C /4 T325CE THIE (15 77/
35C /4 T350C X THIE O MRE . Fr UV —H2: AU TA 12mL/ 53, b T2 AT 7 —F1 VikE:
320C. 1A AkiE L EL A F AREIE - 70eV, 1 F JEIRE - 320C,

3. MERLEER
3.1. MALDI

SGEDHHT, EOWTNNS Y N VAOKGEERBT2XDBXTF RO -V i3kt I N
Mmolce ZOREEIT T 2 EZOMDEY 2NV BEIZDNWTHITTERL N,

Flas = UMDY NI ETHZN., B OERN SR OEELRFICIIFTEL T s L TH,
BEC AT XD MK DAL LZTEREENRbE W, TY 7 MO TEOH T HERE ORI EE OB
EMELTaT—=7 2UANTIRED 7 IV T 2 O MEDNZREE B & > 722, T OfER 2 < Bl iz
Molze ZOEDIT, FRIAVZEESNITIE. MHINABNVWZEZ3SLTLBEEOEEIIEKRLEZN &
KHEITRETH S, £<IT, 77 EE 2 OMMNEMFE v bOHTKITRAKL TWizagEkEEZ2E 2% &,
T2 M+ OH FEOER & R LU THRARENENZ LICHHAN DL, KIZaTF7 =7 22D T
BERTDHE, TOREMENSFEZT, dLHOEEIZIIFEHDN T/ ET UL MALDI Tl SN Twz
AlHEMEAYH B, 8,000 FERIORBEDOBE NS AT —F UM INZFHH D (Schweitzer et al. 2009) 1),
HBH5 5 A, FEOHMBHIIZIERGE L TWiaWp, oMo E 2oz aetEide i3 bR TR0,
LU, 35—=7 >0tk FICHKIZIEIRNETH 25 60CTH S 70COIRKITIZIET D E VWS Kk e5 2
L&, DR EBMOEMMOBEEANIIHI BN LIZHLNTH S, BEE ORI THITHICHLHEKD
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RAICE S TBEMET . HMOFIENET L DI iNEET 5 E VWS FRIIAS ICHRGBTE2, 37—
TUMSIRDBMMEDN TN D DOIFEZE L TR IC @ < /RS R WEMN O KRR BT, Q7R
EERSNTND, ZOXIRBOMEEIL. YOI T MTIEHBRICHE#E > TWT, froddEic#bs
FMFEDUROZIEE L TRBROERAZMITZOTHA5, I72bb, HROZPT MIFRUEEM TS g
W U TREWT 2 7200 oFfikdEic - 7= & 5 %% (Serpico and White 2000), L 7/=7-> T, W% O&Mt:
TIRAKICEMLUZWAMOBEEMY TEHZZREL., CORZZ2EOWENBETS<E (glue) THAD &
5 L /= Research Laboratory (London) @ A. E. Werner ®#i5 (FAf5 &80 5) 2510 Uil & Ot
(Nour et al., 1960: 48) 1ZIEHICET 2, EBICZOYENI T =7 > THHINMDY NI E, HDWIE
ZTZICBIE LN T THROBZEZR D TH DD, BFTOEESIIECE > THRET 22 LalFL
W,

3.2. ELISA

SHT U729 M OEEHI T N TOFRICH L TRETH O, 8 - A, I8, LTt >, T L0
TnbmHINBLNn-o/z (Fig. 6), 2B, dEHIEEND Y 2NN T EHWY T L DBENDIRNIZD I T
ZFTWRWATREMES, BENYIVICEENDER & OHAEERSREN S5 94 2N ORI L DM
XD INSOYEEHEREDORIEMME T T2 ENEZSNSHD T, MALDI [FEEE. Bt nan &1
BT LUBHEMEOBEIIER LBV, LALRENS, RN T hEA > DX D ITHIERITKEEZ RS2 <
1255 N EEMERLUZAREERZZEZSNDEL TS, YT LOX D ITHEEHKEEZRL., L2b
BB NG DNBEF ZMROEMICHER Lz &13FZ A< 0,

Fig. 6 ELISA DRSS (BHIKG ET 55 >80 EORT LA HEET Y T)VIRE A< REDRTEN, FEIZL
FTNOT LIS RESRNAOE. —HEFOY )UERI T4 732> bO—)IVE2EALEED, I IETEA TS
TWwb,)

3.3. GC/MS

19 H OB 2 0 L2y, ik 4-4 DAL OB TIRaliiE. BiE. O IicHkT 5 KD sy —2
BEoLSEDLNRBN-, ZOHETIIRBHCE TN DME. BIE. OUNEBICEMRLZDB GC O
FEAOTEANMRES N TMTFTH I K DMK R ATFIEES N DBENH D0 AbEEE (& x1Ea—N)0,
T UN—=12E) OEEITESHND EL WNBNT ENDNS TVWDED T, [MEMNDILAEBIENE EN TN
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MR TETWRNZ &N, 1 DOAfEEE L TEHEA LGNS, Fricilkl 3 itk 413, WS F CTHRET
% ERMITHNERE B DM AR DR L > TH0 (Fig. 7)., AIEMOBIENEHRINTNDE T &
Ny ENg, 20EFN,. ARHOBEXOEHEENDIZNh ST, &2 WITEE & O AR SREI
K OFEEZS T THRHAR#IC /> TWDAEEE S H D DT, 4E GC/IMS TR S N/aho72 2 Lidahd
LB, SR, OUOFEEDOEEITEKL RN,

Fig7 &lEF3-1 (75) &idki3-2 (f). W OXmADE> Tha (1 BEEDIZ Imm)

Fig.8 #HEROWE Gk 4-4)

Fig9 &kl 4-4 Hz2r7ox 757 DkEE (TIC)
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Fig.10 &UKES, AlBIO FEDMTIZR S THEDOH 2WEMNEBM SN, HO 5N THWEEDITRA S,

AEH4-4 1213, BIIRO XS A E LB TRBED/NI BN DONEL > TWd T &N B ETE
RIZEKDDMN>TWDT (Fig. 8), ZOBENHT Lz, TOHE, UFT > a A L 185 5 FHTicks
BB AAL > E—J 2L, INXKDFENHZHEVNLS DONOFNWE =V 2D TIC WSS NZNEEICIEES
mmo 7z (Fig. 9),

F/z. BEMEBEIIBWTEHES (Fig. 10) ITEIRAT A7 7V 3 —I)LF =)L DX I IBE S THED
HOEMENBRAEEINTNDEIICRALZN, SEIZINS OWMEIRREDHEE L TWRW, &%, 7k
4-4 2R S ZED N ONDRBIZANMA A 7O 757 1 —EEBESTEZHARDE I HETHN
THIEEFHELTND, ZOMMNEMFH TR ERICHEASINZEEET S L, MOBEITH WS M
DOBEOEAERE L TRMAEDH 25, 8. 0v. d2VERZAOT A7 7))L hva—)L 7 — )Ll
bR EWESB L 5N 5,

4. i
Saa i Um i EECE R A 513, BT K PE DR NS > X7 SR T L. B L OTAME DS, B,
OTDNWTNHRET DI ENMTERMND =,

i

BITICHz> T3, 70y o7 MEDOEMERRAARERR A 2R BEEERTAREER. ¥95
HEBH Ly —/\ - ¥ NELEEREICBHEEIC/R 572, 7027 MEROEEEITIE, M TEGEAN
EI 15 A JICA) O3k, AREO I B K OWIFEH T, [RMERSCERERHT BT 2B B OBEM
DIFE - EEDIIEN S OT T 0 —F ) (HAAMIRBMAR AU JE & 4B & JP16K01187 (RF7EEE « &
IBEFE)) DBk E =T TED SNz, B L LT 2,

Ha

1) ZOmMXTHESNEXRTF ROGWHERZFLSBRFLAERKR, ¥Fa00a57—7>2>07 2/ BEH & —3K
Liz7z®, Mo hOREKRTREOEREHIBALZY Favo | OS5 —7 O nREdsk SRR I N0 TR
W E DM E RS X TV S : Buckley, M., Warwood, S., van Dongen, B., Kitchener, A. C., Manning, P. L., 2017,
A fossil protein chimera; difficulties indiscriminating dinosaur peptide sequencesfrom modern cross-contamination.
Proc. R. Soc. B.284, 20170544.
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Nondestructive onsite analysis of excavated artifacts
from the Khufu Second Boat

Yoshinari ABE™, Eri OGITANI™, Arisa IZUMI™, and Izumi NAKAI™®

1. IIC®IZ

ARTIE. (7 7FH2 0O OBEEY S L OB GEEOMERE B L ML ElEEz I E LT,
201543 A 17, 18 H?D 2 HMICIE> TEMS NzfEORKEZ WA T 5. & 4 MEO MM HTERE (3%
Je X KR TSR, B S < ST SRR BT . R X ARIEIHT R & R IR N S5
BiAA, LI U CHEREL > 51 R TON2EEL /.

2. srirEk

COEOHETHMMRE L ZEWZF L ETHD, NRIZLLTOED : &F8ES @) 55, 771
T OAEBONAMA LR, KFICHBE LB R (), AIRERBEGICHERINZER 3N B/),
BEIZIVIT fe BBEBOSIICBWTIE, FTHOFEEZEZEET S22 —ERNOBEEMRE I L T
Vo, FAIC, —EHOBRHI DWW TIIRES 2 sk U CEEEFT 208 Lz, 7ab. RENRERB L 0E
BEOAR - IREEIC K D HIBR S . &2 TOEMITH U TRIR D 4 MEOBI i Z2EHAT 5 2 L3 TEhan-o
7zo

3. miriiE
LUF O AT TR 1 2 IR BUR AP B3A D, B O IAE > 5 MEYLE TS N 2, BIEE 2T
KGHT, FERIETITDNL,

31, HOE X EohEE : YU —X7 v (#k) ~ OURSTEX 100FA

AEEEL, WM OF > A bz ENELTEESNTY T—X 7 v 7 () EHEFEARKLZEETH
% (Nakai et al. 2005; Abe et al. 2009), XfHE L T/NT oL (Pd) EER, MmHiEEELTUa> Ry 7
MEHERZHA 5, AREORRKORFEELL T, EXHOHALEHEZNEKL TH0, I<HEZRET
REeGBETRHTAIENTES, @RERBIE T 7472 ALIND2BEHOSITITBNTIE, HEa X
M E— REHAXRHEE— RTENEN 20 BT OORIEZEIT> L. HaDOHH TIEMIEE— R
T108HT D, BELZILOFITICBENTIIHEA X HEIEE— FOAT 100 BOREZTT> 2. EROBIR

sk 1S STHIRL AR BIAER - BE (41 % 1 Assistant Professor, Tokyo University of Science
s 2 S STHIRL AR SEER - SEE 4 (4 R) * 2 4th year Undergraduate Student, Tokyo University of Science
s 3 RTHIRLASA B AR - BR * 3 Professor, Tokyo University of Science
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BRUORAIREBIZ K DHIKI77H > /2 2 5 (00315, 00357) ZBRE. 4231 fiHh 29 {IT DWW TIEHOE X #7)
MR 2 ENTE e, ab. ARMTITED O AERICE L TEMRNREREZTS> I L2AMNELT
X WM ZLEBEL T bz, GATHRDOERL (REOEMSE) 37> T,

3.2, BEM T~ >t iritE - B&RW TEK Inc. ~ Miniram

ALEEITPE 785 nm OFREEER L —F— 2R E UTHERL., SHOEMBEI= Yy b (RAKE 40
%) THERT A ET BREEK S0 pm OHUNBINFIEETH 5. AT ML ORERRIIE 5 HEIC
I TLRHZD 60~300E L7z, FRNICSHRME S U CHIE L 2ot (RER O < > AXY M,
HEZNNIF T ETRBEISNTWBIEMD I 2 AXRY M5 —4~X—2Z (Downs 2006) &[ti#gd 5
ZET, BERBLUENA I OIEBIEHFEIE 217> /2. MUNSERHZDWTIE, BEMEED XY 25— ki
e THIE Uk, REERHIH U TIRBEAMBIO Ny RESZROF L. 90° BAICH L/ZIREETI RS v v F
WCEE L. SSeEEMTREZT-> .

3.3. FRIM AT S A 2

EHONHEA DAV A Y () CHFAMELERERTHD, BAFENOQT Y TRTF>5 2T
EREHIRE L. D 5 OIBURA 28T &L o THRILL 2X7 MUET S (ISR 2017), A< b
VORHERRNT L b0 L5 B &Lk, ARBRENSINBICEBOMTICHOZ, Ad, AREIZH
B SRS, fR . AREO 3SFMO LED HENFICY O HA S Z LT, INb 3@t s Lzt
AR PVHEDHRETH 205, FEORAE CEARRHAOES 2R TEMIR SN >0 T, A
TIRFEY 2,

2B, LR 3 FEEOEEOMIC, RGO HREN K X BEYEt2HIEL T2 /Ty 7 X (8R)
LBHFE L 7= PT-APXRD Il (Hirayama et al. 2018) ®IRIBAEEEIA LA, AT 2 I L 7= 2015 4F 3 A K
MTEERIEERETHD., BEOARREDZD T HBERENMESNRN o220, AR TIIHET S,

4, FERBIUER
4.1. <pJE 85 DAL E R ARG 3

SRS EEbN S4B 5 A (00131 metal, 00160 metal#l ~ 4) 12xf LT, %3¢ X BoHEic ko
LR T 2 T D 72e DM DENE XA MIVICHEREZR NN o/2/20., ZZ2TRAIELT
00160 metal#4 O #T#t 2 W53 5. 00160 metal#d [T 2R RO (&) TEDLNTHEO., —HE2H
BIZLOI) =225 28T, 27U —Z 27 ig TILEHR O A ZREE L 7. A XBEEE— R
THESNWEBRTZOESE XEAXRY ML % Fig.l iR 7=,

SRS LS MOSREEMETNS, ERSTHDH (Cu) Oz, MEREFE (As) PRIz,
Culz As 2L, IMTHEEmEEZ&EOLARE TEHRH) SIPO, AVRSY 2 7HIBR TS A 0FHRRD
FOOCHT 4 T44 (Levy and Shaley 1989), T2 7 MZBWTH i EEKCE TIZIZB Lz (Ogden 1999),
U ASIEERFLATICAMP E L THIEL TV AHEbH 0. @BHEMICASNEENTHTD, A%
BICIRIENZH ONENHIE T2 2 138 L W, Moorey (1994) <> Ogden (1999) 13, Lo 4 Ja 8l
I ANBHIC As ZIRINL7ZE R TH L0 ENZHB T 25510, AsOEAEREEL T1wt% (weight % :
HE/N—t 2N PHRERICRDELTWS, 2L, BRI ICAMETREELEOE=ITIFHE L
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TV, 2B, HIHO TS TH 2 AL (Sn-Ka #f : 25.2 keV) &, SEISH L& BEE N5 13MmE X
Nn-o 7z,

Figl &/m#ifdi (00160 metal#d) DOWFERTHETOHIE X AT MV (B X REEE— )

BNWTHHERMBE THRONLARY MLEERL TAL L, ETHERMCBE SN TWEZ 1 # (S, it
¥ (S) BRUAI UL (Cd) OE—TH, WHEICK D RIEIZHEAD Uiz, JIUIBEALE I L A8,
ARPFELTBO, HHEICKD ZODBREINLZIEEZRL TWD, S5 ICHERIZE (Fo) BXUAS
DE—=I7MEA L. HMAIZERS TH D CuDE =T NDFT /MM /=, Feld Ca LFERICAEY D]
HEME B B 20, WHERIE T Cu & As DHENEML £ 2 SIFHKREN., ZO/RERIE, BB THOTMT
1B DA DREML TVDAREMEZRL TH D, CulcHRT As NERWICELE~NEBE L2, HD W0
WEEULEN S Cu ANERIICHE R L2 2 E2RBRL Thd,

42. 7747 AL INDBY D HTHER

Ty AT > ABBOREENEN D D A OIS (00238) 1TH LT, #¢E X B MTIEIC & DL T 5
KUV T~ > NI K2 MFEE ZTT> /2. B XBRIEE— R THS N2 ZOEY DL X A X
7 MV FigITmR Lz, 77407 2 AEAHE (Si0,) 2l L. BMZEZENT RS TH LM, ZOEY
DERFISI TR CaThH oz, £/, —BRMITT 7147 > ADEHIC —BRAITIHRIME 115 Cu(Ka ##:8.0
keV) BRI NT, 774 7 A”MB TN ENHS M &R, £I T, Fig3ITmLETI T AN
7 MVERTHS & KA (calcite: CaCO,) I #7255 < > 7 b 1086 cm™ O — 7 MRS N TH D,
ZDEMEI T 7 AT CATIRBLAREHERTHDZENHEMNER S /2, B Fig.2 IR L ZHE X BRA
R MVZIEA RO >FTL (S DBEINTBO., SHUIAEKEICRHWICE END2 A MY THETDH 5,
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Fig2 7717 2 ZAHFBOWREMNDN D D A ENR (00238) DHOE X AT ML (FE X HEEE— K)

Fig3 7 7A47 > ABGOaIREMAH 2 HEAN (00238) O F< 2 ANRT ML
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4.3. KR ITHAE U BRI O 7B R

AR A U7z R EEEE (00300, 00049), 2 EEHEL (00124), BEAEERL (00315), HEEEL (00357)
KU T ARG ITIC K 2 ERIRE 217 5 /2. £ RAERIDE L 72ARR (00300) 1[2DWT, AREEE
o & FHER Sy (I OARER) DHNE XFHFEAXT ML (A6 X)) % Fig.d THIRL =, THEs &t
NXT, FREEERLS TIEFe OE—22VKIBIZHEML., S5ICSIiBLUFH > (T oE—rbticniz.
Ko TZORBERNIREIL (hematite : a-Fe,03) ZFXpkm & L. ML amA Rk Ly RF—0—
(R ThdEEALGND, AERORGEERTICOWTHEHM T Y >0 nizitoizE A, REkIE
LEDND2O0OE—7 (5237 k226 cm?, 290 cm™?) AR E N (Figs ). Y X B D4
Pk RANLFE SNz, B O —HOAKRF (00049) [ZDWTHREBED SRNG5S N,

Fig4 SREEEIDE LA (00300) OFREERNT > & Tl OH0E X AT RV (A6 Xkt —F)

BENT, EOAERNAMELZARA (00124) 1ZDOWTHERRS & FHIEES O®IE X FRART NV % iz
L&A, REBFRER & R AEEBIERS C Fe, SiBXUTIi O — 7 MEENEML 7= (Fig.6 ),
ZDFERN S BT S NI EAEENISHERIE (goethite:a-FeO (OH)) <=f##kdi (lepidocrocite:y-FeO (OH))
2 EDO®BEHL (limonite) ITHiLZMATHESND [ TO0—F—h— (L)) THEHEEAZLND, P
OB I DWTHEHM 7 < > o 2T - 28, Fik e — i3 s - 7z,

HEFERIMNE LA (00315, 1 > 27U T al) OWTIE, 9 X Boii & TERNho 7z,
EEERSPICOWTHEM I Y i EiT>/2E 25, MBTEHZ2Nh—KR>T Iy EBbhsT
O—K7222O0E—%> (5237 b 1330 cm™, 1570 cm™) 2t s = (Fig.7 ),
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Fig5 JREEEIAAE LA (00300) OAREEEHRD O~ AR Ml

Fig6 BRI L2 (00124) ORAERNT > & T OH0E X AT MV (A6 X' —F)
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Fig7 RBAERIHNSHE LA (00315, 1 227U T a ) OROEREGDIT < ART M

MRS LK (00357) I2DWTH, BIRBIWREBOEEMN S, #E X BT EITD Z&n
T&EMolz. BEEHEMICDWTHM T < > 1T 5 728 R 2 XY MV &2 ZENTET,
SEIOHHHAETIZZORGEEROREICITES Rh > 7,
AOMIZEODFESINZL Yy RA—H—, fT0—F—H—, H—R>TTv 7O IFEEI. LRRFLH
SHHICEDETHREICRIMOEVMHSINTELERTH L, HEEKRRICKES T, HRIDT McBn
THEDLD TR SNZERITH D (Lee and Quirke 2000) , AHFFE DA E K5 FIINHH 72 H D TH >
mEEZOEND, TO—HT, TOHENBHHABEIOFEHOAT LTINS, KR OREUZE O 3 72
HRZ2ERTHEINETH S,

A4, FZHAITHH S NZEENO o ks 5=

HOHAINZRE (No3dbm) . # (No.32 b)), B (No.3FmE) D 3MADEEHIDWT, #
e X BT, BT < > b, SRV A T I K BRI ORI E 21T /o, £3 EA No.3 Db
RN REERNCE 27 7OV by —2 28 DWT, FHOGRAEERD TR GERHE /> O #OE X #j 2
R ML L - (Fig8), MREAERHK) TIX, R DAR (00300) O &FEERIC, Fe, Si, TiokE —
ZBENBEML 7z, I SIICHEM T Y NI K 0. REERHES TIRARSKILICIREINS 4 A0 —2
(<> 7 k226 cm?t, 290 cm™?, 408 cm, 607 cm™) gl E - (Fig.9 &), FEEIZ. Fig.10 12k
U7 TR A X7 BLIZBNT S, REEENIRERIL & K< BIAWNEZRLUZz, DLEORRKID., =
DOEAICHER S NREEENT, KR (00300) SFEKICL Y RA—H—ThHdEEXEN5,
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Fig8 251 No.3 JLi DR AERHER /> & T HLA PCA TR > DHOE X FRA XY BIVERE (A X R E— K)

Fig9 2 No3 b oy DI~ > AT ML
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Fig.10 {7 No.3 L D IR AERNE 2 D EHI TR X2 B

T A No.32 b O s B EHT /2 1T D W T, 8 X SR T3 K ORI T e i & 17 > =5 R %
WhET 2. TTHNEXBONOMFEZE Figll IRz, BRBIFHMHEHKICE D, 346 No.32 @ FHia KA
B DENE X R EITD T EMTERMOZ2D, T T TIHFig8 TRUZZEA No3 Lo FHba K S
[ DfERZEHEELTRL TN, Figll L0, #HA No.32 dt O 8 AR K /> TIE T HIZ X T Fe,
Si, TIOE—7WENMEML 2o THIT, ZOHRBERHEDITDWTH S NEIATHIRIINA XY 8L %
Fig.12 IZ/R 9, WHAEROWRIE. ZRME E LU THE L 20 b D E LX< —FH Lk, DLEDOHREKD,
ZoFEAIEHINZEHAEMHIA IO —F— T —TH D ELFTEINE,

37|
[§]
7|
[5]

Fig.11 547 No.32 dLim O BBk 7> & No.3 ALl R a7 O HOE X R AR MVHE: (B X € — K)
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Fig.12  =E {7 No.32 JLiii D B EEHR ) DI IR A R 7 N

Z6 No3MADORAERHIZ D WTIX, # XA EHM T~ > Xt a5 7. £9 No.3 D
THARGEE > E REEENS ) THEONZEHAE XBEAXRY MLER L TAZ & FERETRS N,
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Brief Report of the Excavations at Dahshur North:
Twenty-Fifth Season, 2018

Sakuji YOSHIMURA*!, Ken YAZAWA*?, Jiro KONDO*3, Hiroyuki KASHIWAGI**,
Seria YAMAZAKI*®, Nonoka ISHIZAKI*® and Motoharu ARIMURA*®

Abstract

The joint expedition of Higashi Nippon International University and Waseda University, under the direction
of Prof. Dr. Sakuji Yoshimura and Ken Yazawa as the field chief, carried out an excavation at the cemetery
of Dahshur North on February 2018. In this season, the area located at the northern part of the cemetery was
investigated (Fig.1). The area measures 10 m (north-south) by 20 m (east-west), and eight shaft tombs were
identified. Five of them (Shaft 150-153, 155) were cleared, which are dated to the late Middle Kingdom mostly
by accompanying pottery vessels, except Shaft 150 which appeared to be made in the early New Kingdom. The
most remarkable discovery is Shaft 151 which has three subterranean chambers, two to the south (the uppermost
and lowermost chambers) and one to the north (mid-level chamber). Although it was already plundered, a
considerable amount of pot-sherds and painted plaster as well as a fragment of an eye inlay once adorned with a
mummy mask or an anthropoid coffin, were retrieved. In addition to a discovery of a painted ear fragment made
of plaster, some of plaster fragments have depictions of an eye and a part of collar decoration, and fragments
with cursive hieroglyphs were also found at the lowermost chamber, all of which appeared to comprise of
mummy mask(s). Pottery vessels found at the lowermost chamber appear to be earlier than vessels derived from
the uppermost chamber, which leads to the assumption that the lowermost chamber was made at first, and then
the middle and uppermost chambers were made successively. While shaft tombs with multiple chambers were
often attested in the Middle Kingdom cemetery, the case that the sequence of making and using chambers can be

archaeologically determined is quite rare, which makes our result noteworthy.

Introduction

Dahshur North is located at the northernmost part of Dahshur region, about 1 km northwest of the Pyramid
cemetery of Senwosret 111 and about 1 km southwest of the Pyramid of Khendjer. The Japanese expedition,
directed by Prof. Dr. Sakuji Yoshimura discovered it through the analysis of satellite images in 1995 (Fig.1).
Since 1996 the excavation works had been concentrating on the eastern area of the site where New Kingdom
tomb-chapels of Ipay and Pashedw as well as surrounding shaft-tombs and pit-burials were discovered (Yoshimura

and Hasegawa 2000; Hasegawa 2003). In 2004, an investigation of an area approximately 100 m west of Ipay’s

*1 President, Higashi Nippon International University; Professor Emeritus, Waseda University

*2 Visiting Associate Professor, Institute of Egyptian Archaeology, Higashi Nippon International University
*3 Professor, Faculty of Letters, Arts and Sciences, Waseda University

*4 Visiting Professor, Institute of Egyptian Archaeology, Higashi Nippon International University

*5 Research Fellow of the Japan Society for the Promotion of Science

*6 MA student, Department of Archaeology, Waseda University
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tomb started. In this area, another New Kingdom tomb-chapel belonging to an individual named Ta was found.
Subsequent investigations around the chapel revealed that there were at least forty Middle Kingdom shaft tombs
including several intact burials (Baba 2014; Baba and Yoshimura 2010, 2011; Baba and Yazawa 2015; Yoshimura
and Baba 2015; Yazawa 2017; Yoshimura et al. 2018a), as well as New Kingdom shaft tombs and simple pit
burials. In two seasons in 2015 the area between the tomb-chapels of Ipay and Ta was investigated. At the center
of the area a Ramesside shaft tomb surrounded by mud brick enclosure wall was found (Shaft 125), and vast
amount of wooden shabtis were discovered in its subterranean chambers. To the north of Shaft 125 shaft tombs
of the Middle and New Kingdoms were also found (Yoshimura et al. 2016a, 2016b). In a season in 2017, the area
located to the northeast of tomb-chapels of Ipay was investigated, resulting that tombs assigned to a relatively
earlier date than the other parts, both in the Middle and New Kingdoms, were uncovered (Yoshimura et al.
2018b).

In this season, the northernmost area was investigated in order to make clear the nature of the northern edge

of this cemetery (Fig.1).

Surface excavation

Dahshur North cemetery is entangled in a barbed-wire fence, and in this season a small area beside the
northern wall of the fence was investigated. It measures 10 m north-south by 20 m east-west, which corresponds
to Grid 3E97c, d, 3E98c, d, 3F07a, b and 3F08a, b (Fig.1). A thin surface sand layer was removed, and openings
of eight shaft tombs were identified (Shaft 150-157). Five of them (Shaft 150-153, 155) were cleared in this

season.

Excavation of shaft tombs

Descriptions of shaft tombs excavated in this season are as follows.

Shaft 150 (Fig.2)
Size of Entrance: 0.9 x 1.9 m
Depth: 3.9 m
Dimension of the Room A: 2.2 x25x 1.1 m
Dimension of the Room B: 2.0 x 2.7 x 1.0 m
Location: 3F07a
The long axis of the shaft opening is oriented east-west. The floor of the shaft has been collapsed and it
leads to a northern subterranean chamber of neighboring Shaft 151. Shaft 150 has two subterranean chambers,

one to the east (Room A) and the other to the west (Room B).

1 We would like to express our deepest appreciation to the members of the Ministry of State of Antiquities (MSA), in
particular to Dr. Khalid el-Enany (Minister of the State for Antiquities) and Dr. Mohamed Ismail (General Director of
the Foreign Mission’s affairs of the Permanent Committee) for granting us permission. Thanks are also due to Mr. Sabri
Farag, Dr. Hany El Tayeb, Dr. Mohamed Yousef and Mr. Mohamed Hendawy of the Saqqara Inspectorate. Special thanks
are due to Mr. Marwan Abu Bakr, Inspector of our mission and Mr. Ragab Turkey, director of the Selim Hassan Storage
Museum at Saqqara, for their kindness in every possible way. This work was supported by Grant-in-Aid for Scientific
Research (A) of Japan Society for the Promotion of Science (Grant Number: 80201052).
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Fig.2 Plan and sections of Shaft 150

The shaft was filled with wind-blown sand which extended into both Room A and B, and tafl rubble was

accumulated on the sand layer in both chambers, which appeared to have fallen from ceilings. Even the chambers

were carefully finished, no human remain was retrieved and the other objects were only a few pottery vessels,

suggesting the possiblity that this tomb was never used. Fig.3 shows pottery vessels found in Shaft 150. Figs.3.1

and 3.2 are deep conical bowls with flat base, made of Nile B2 fabric, with a perforation at the center of the

bottom, and bowls with these characteristics are often called ‘Flowerpot’ (Holthoer 1977: 83-84; Rose 2016: 214).

Fig.3.1 was reconstructed from pot-sherds mostly from Room A, and Fig.3.2 from Room B. Fig.3.3 is a Nile B2

long-necked jar with horizontal black stripes on its outer surface, which is retrieved from Room B. ‘Flowerpots’

have a restricted chronological distribution?, and at Kom Rabia in Memphis this shape occurred in Level 1V,

which is dated from the early Eighteenth Dynasty to the reigns of Hatshepsut/Thutmose 111 (Bourriau 2010: 5, 81,

Fig.24.4.10.4-9). Simple lines in black is the characteristic datable to the first half of the Eighteenth Dynasty (Hope

2 By the time of Hatshepsut ‘Flowerpot” was in common and by the time of Amenhotep 111 it was no longer common. See

Williams 1992: 34-35.



Brief Report of the Excavations at Dahshur North: Twenty-Fifth Season, 2018 39

B lack

0 chm

Fig.3 Pottery vessels from Shaft 150

1989: 7). These vessels are some of the earliest types ever found among the New Kingdom tombs in this site.

Shaft 151 (Fig.4)
Size of Entrance: 2.1 x 0.8 m
Depth: 6.1 m
Dimension of the Room A: 1.9 x 0.9 x 1.0 m
Dimension of the Room B: 2.3 x 1.6 x 1.1 m
Dimension of the Room C: 2.1 x 0.8 x 1.1 m
Location: 3E97c-d
The long axis of the shaft opening is oriented north-south. There are three subterranean chambers in this
shaft, two chambers (the uppermost and lowermost) to the south and one chamber (mid-level) to the north. All the
chambers have already been plundered. The reconstructed north-south cross-section showing the stratigraphy of
deposit in Shaft 151 is provided in Fig.5.
The upper, south chamber (Room A) is relatively small among three chambers, and is slightly bent as shown

in the chamber plan (Fig.4). Thick wind-blown sand accumulation was observed at the forepart of the chamber
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Fig.5 North-south cross-section and schematic stratigraphy of Shaft 151

(Layer 2), and below it a layer of tafl rubble (Layer 3), presumably derived from original filler of the shaft, was
extended to the innermost part of Room A. Room A contained pot-sherds, a human head skull, wood fragments,
possibly of coffin, and fragments of painted plaster.

While the upper part of the shaft was filled with wind-blown sand (Layer 1, 2 and 4), apparently different
layer, comprised of sand and tafl rubble (Layer 5), was observed at the depth from 4.55 m to 4.8 m. The layer
contained an eye inlay of a mummy mask or an anthropoid coffin (Fig.6.1) as well as relatively many of pot-
sherds. Below it, there was a thin tafl-rich layer (Layer 6), about 10cm thick, immediately above the level of
Room C ceiling.

The ceiling of mid-level north chamber (Room B) is approximately 0.4 m below the level of the floor of
Room A. A half of the ceiling was already gone due to the later intrusion by Shaft 150 as mentioned above. Room
B was enlarged to the east. The deposit of Room B comprised of three layers: the thick uppermost layer of tafl
rubble (Layer 7); the thin sand and tafl layer (Layer 8); the lowermost layer composed of tafl rubble, about 20cm
thick (Layer 9). In front of the opening of Room B a part of roughly laid mud-brick wall remained, and it was
on the sand and tafl layer (Layer 5) extending from Room B (corresponding to Layer 8), which appeared to have
been deposited after Room B was plundered and left open. Therefore, the mud-bricks were placed sometime after
the chamber was looted, probably by those who made the neighboring Shaft 150. At the western part of Room B a
bottom part of a wooden box-type coffin was remained on the lowermost tafl layer (Layer 9), suggesting that the
coffin was not in situ. It was poorly preserved, making it almost impossible to assume the original appearance.
The remaining part of the coffin measures 180 cm in length and 42 cm in width. Human skeletal remains, pot-
sherds and fragments of plaster were also found in Room B.

Below the level of the floor of Room B the inclusion of tafl in the shaft filling decreased (Layer 10), and

many pot-sherds were collected at the bottom. The ceiling of the lowermost chamber (Room C) was about 0.4 m
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Fig.6 An eye inlay and a plaster ear from Shaft 151

below the level of the floor of Room B. Sand with tafl rubble accumulation (Layer 12) was observed around the
opening of Room C, and it contained painted plaster, pot-sherds and wood fragments. There was a tafl layer (Layer
13) below the sand accumulation, and it also yielded fragmentary grave goods, including pot-sherds, painted
plasters and human skeletal remains. The notable object is a left ear made of white plaster, surface of which still
has a residue of painting (Fig.6.2). The painted plaster included a fragment of an eye (Fig.7.2) and fragments with
cursive hieroglyphic inscriptions in black (Fig.7.3). These remains clearly indicate that the deceased interred in
Room C had worn a painted mummy mask.

Fig.6.1 shows an inlay of an eye, found in the sand with tafl layer below the level of Room A (Layer 5).
It belongs to a right eye, and made of two parts, black pupil (obsidian ?) and white part of the eye (Egyptian
alabaster ?). Fig.6.2 is a left ear made of white plaster, found in the tafl layer of Room C (Layer 13). Traces of

black painting is visible on surface of the outer part of the ear, and its opposite side which used to be attached



Brief Report of the Excavations at Dahshur North: Twenty-Fifth Season, 2018 43

Fig.7 Painted and inscribed plaster fragments from Shaft 151

to the head have a trace of mortar and blue painting. Fig.7.2 is a plaster fragment which depicts an eye and
was found in the tafl layer of Room C (Layer 13). Fig.7.3 shows fragments of plaster with cursive hieroglyphic
inscriptions in black, which were found scattered across Room C. The ear, eye and fragments with inscriptions
appear to have comprised of a painted cartonnage mummy mask®, and residues of blue painting in the attached
surface of the ear indicates the possibility that its headdress was painted in blue.

Major shapes of pottery are provided in Fig.8%. Miniature dishes, made of Nile B or C fabrics, are found

3 Mummy masks with an extended part under its collar, on which cursive hieroglyphs were inscribed, are attested in the
Middle Kingdom. One of the example is CG28073(M16C) (Lacau, 1903-1904: 165-166, pl.XXI).

* Fabric of each pottery is as follows: Fig.7.1: Nile C; Fig.7.2: Nile B2; Fig.7.3: Nile B2; Fig.7.4: Nile C; Fig.7.5: Nile C;
Fig.7.6: Nile C; Fig.7.7: Nile C; Fig.7.8: Nile C; Fig.7.9: Nile C; Fig.7.10: Nile B2; Fig.7.11: Nile C; Fig.7.12: Nile C;
Fig.7.13: Nile C; Fig.7.14: Nile C; Fig.7.15: Nile C; Fig.7.16: Nile C; Fig.7.17: Nile C; Fig.7.18: Nile C; Fig.7.19: Nile
B1; Fig.7.20: Nile B1; Fig.7.21: Nile B1; Fig.7.22: Nile B2; Fig.7.23: Nile B1; Fig.7.24: Nile B1; Fig.7.25: Nile B2;
Fig.7.26: Nile C; Fig.7.27: Nile C; Fig.7.28: Nile B1; Fig.7.29: Nile C; Fig.7.30: Nile C; Fig.7.31: Marl C2; Fig.7.32:
Nile B2; Fig.7.33: Nile B2.
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from every chamber and the shaft filling (Fig.8.1-14). Chronologically important shapes are hemispherical
cups and ‘Beer bottles’, the most common types among the Middle Kingdom repertoire. A gradual change
of hemispherical cups, from shallow, unrestricted to deep, slightly restricted shape was attested by various
scholars®, and the difference between cups found at the upper part of the tomb and the lower is worth noting.
Cups shown as Figs.8.19 and 8.20 were reconstructed from pot-sherds found at Room A, a sand with tafl rubble
layer in the shaft (Layer 5) and tafl-rich layer (Layer 6) directly below it, and they have a deeper contour than
cups of Figs.8.23 and 8.24 which contained fragments from Room B or Room C. A neck of Nile C ‘Beer bottle’
(Fig.8.29) consists of fragments found at the sand layer of the shaft below Room A (Layer 4) and the sand with
tafl rubble layer below (Layer 5), roughly the same level of the deeper cup’s sherds (Figs.8.19 and 8.20), and it
has a thick modelled rim with an inner indentation, often called ‘kettle-shaped” mouth, which can be attributed
to Class 5 of Handbook of Pottery of the Egyptian Middle Kingdom corpus volume, datable to the first quarter
of Thirteenth Dynasty (Schiestl and Seiler 2012: 672-673). On the other hand, fragments of hand-made Nile C
conical vessels with distinctive vertical traces of the potters’ fingers on the inner and outer surface (Figs. 8.26
and 8.27), nicknamed ‘Meat container’ (Schiestl and Seiler 2012: 136), were collected mostly from the lowest
part of the shaft or Room C. In this site ‘Meat containers’ occurred only in Shaft 58 so far, and the neck of beer
bottles accompanied with those containers belong to the earlier type which prominently circulated before Class
5 bottles appeared®. Therefore, pottery vessels found at the lower part, especially Room C, are relatively earlier
than those of the upper part, most likely derived from Room A. The chronological difference between the lower
and the upper part of the shaft has significant implications for the using history of Shaft 151, and it is postulated
that these three burial chambers were made and used in the following order: at first Room C, then Room B, and
lastly Room A. Experiences of previously found intact shaft tombs (Shaft 42 and 65) taught us that after a coffin
was placed in the chamber the shaft was filled with tafl rubble, which might be debris dug out of the shaft when
it was made, and that is why residual tafl accumulation was often observed in plundered shaft tombs. Hence, once
the placement of the deceased in Room C was finished, the shaft was filled up with tafl rubble, and it was dug
out again when the space for the next burial was needed. Room B was made in the opposite side, slightly higher
than Room C, being left the shaft filling in front of Room C untouched, most probably in order not to disturb the
burial of Room C. Once the burial of Room B was finished, the shaft was refilled. After a certain period of time,
again it was re-opened for the next burial, placed in Room A, at slightly higher level. The fact that the difference
in the level between the ceiling of Room C and floor of Room B is approximately 0.4 m, which is the same as
the difference between the ceiling of Room B and floor of Room A, corroborating that the spacing and changing
of direction was not coincidence.

It is noteworthy that the sequence of making and use of the shaft with multiple chambers can be

archaeologically determined by finds. It is important whether persons placed in these chambers were related, but

° Do. Arnold identified a gradual change of hemispherical cups in Dahshur and Lisht from shallow to deep cups by using
the ‘vessel index’, a ratio obtained by dividing the maximum width of the vessel by its height and multiplying the
result by 100. At Tell el-Dab’a detailed studies of well-stratified hemispherical cups of the late Twelfth and Thirteenth
Dynasties arrived at the same conclusion(Arnold 1988: 140-141, Fig.75; Bietak 1984: 480-481, Fig.l11.2). However,
it should be pointed out that supra-regional homogeneity of the cups is valid only from early Twelfth Dynasty to the
second quarter of the Thirteenth Dynasty. See Seiler and Schiestl 2012: 105.

The chronological sequence of tombs in Dahshur North is discussed in Yazawa, K, forthcoming.
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it is difficult to determine by the current state of the evidence.

Shaft 152 (Fig.9)

Size of Entrance: 2.1 x 0.7 m
Depth: 2.2 m

Location: 3E97a, ¢

The long axis of the shaft opening is oriented north-south. Although there was no chamber, the human
skeletal remains and fragments of a wooden coffin were discovered, suggesting that the deceased was buried
at the bottom of the shaft. Fine sand which filled the shaft also contained pot-sherds and fragments of painted
plaster, one of which is a half of a right ear made of white plaster belonging to a mummy mask or an anthropoid
coffin (Fig.10). Given the north-south axis of the shaft and the plaster ear which closely resembles the one found
in the neighboring Shaft 151, the burial can be dated to the late Middle Kingdom.

As shown in Fig.10, surface of the outer part of the plaster ear was painted in black, and the inner part which
used to be attached to the head has a trace of a mortar and a spot of blue painting, indicating that the headdress of
the mask or anthropoid coffin was painted in blue. These characteristics and the size of the ear are quite similar
to the one retrieved in Room C of Shaft 151.

Retrieved pot-sherds include two rim fragments of ‘Beer bottles’(Fig.11). The fabric is Nile C, and both of
them have a triangular modelled rim and slightly flaring neck, dated from the reign of Amenemhat Il to the early

Thirteenth Dynasty’.

A-A’ section C-C’ section

B-B’ section D-D’ section

Fig.9 Plans and sections of Shaft 152

7 It can be attributed to Class 3d of Handbook of Pottery of the Egyptian Middle Kingdom(Seiler and Schiestl 2012: 660-
661).
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Fig.10 Plaster ear from Shaft 152

Fig.11 Pottery fragments from Shaft 152

Shaft 153 (Fig.12)

Size of Entrance: 2.0 x 0.9 m

Depth: 4.3 m

Dimension of the Room A: 2.0 x 0.9 x 1.1 m
Location: 3F07b

The long axis of the shaft opening is oriented north-south. At the bottom there is a chamber to the north (Room
A). It was looted, and the shaft was entirely filled with wind-blown fine sand. In Room A a layer comprised
mainly of tafl rubble was observed on the floor.

Fragments of human bones were vertically scattered at various depths, and pot-sherds were collected in the
shaft and burial chamber, which contained a large round-bottomed bottle typical of the late Middle Kingdom.
Wood and plaster fragments were also uncovered.

Major shapes of pottery are provided in Fig.13. Fig.13.1 is a Nile C large bowl found in the shaft, and
Fig.13.2 is a rim fragment of large cup or bowl, made of Nile B2 fabric. Figs.13.3 and 13.4 are ‘Beer bottles’,
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Shaft

Room A

A-A’ section C-C’ section

Shaft

Room A

B-B’ section D-D’ section

Fig.12 Plan and sections of Shaft 153

presumably belonging to the same vessel. The modelled rim has a rounded triangular shape and the neck is

slightly flared, datable from the reign of Amenemhat 111 to the early Thirteenth Dynasty®.

Shaft 155 (Fig.14)
Size of Entrance: 2.1 x 0.9 m
Depth: 3.4 m
Dimension of the extended space: 2.4 x 0.8 x 1.1 m
Location: 3E98c
The long axis of the shaft opening is oriented north-south. At the bottom the wall of the shaft was extended
to the west, in order to make a space for a coffin. This tomb had been plundered, and the most part was filled

with wind-blown sand, occasionally containing tafl particles. The tightly packed layer of tafl was observed

8 It belongs to Class 3d of Handbook of Pottery of the Egyptian Middle Kingdom (Schiestl and Seiler 2012: 660-661).
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Fig.13 Pottery vessels from Shaft 153

immediately on the floor of the shaft, which yielded wood fragments.

A carved wooden ear which belongs to a mummy mask or an anthropoid coffin was also discovered in the
tafl layer (Fig.15). White mortar was adhered on the inner part of the ear, on surface of which patterns of linen
was visible, indicating that it was a part of a mummy mask or an anthropoid coffin made of cartonnage.

All vessels provided in Fig.16 were found from the tafl layer on the floor. Fig.16.1 is a hemispherical cup,
and Figs.16.2 and 16.3, mostly likely both belong to a single jar, classified as ‘Beer bottle’. These are typical
types of the Middle Kingdom.



50 The Journal of SHOUHEI Egyptian Archaeological Association Vol.7

N 'D’\ VO
ﬁ /Shaft154 i
j"
A\/
C-C’ section
A
a
—
a .
e
o) e
Plan

B-B’ section D-D’ section

Fig.14 Plan and sections of Shaft 155

Mortar

0 5cm
|

Fig.15 Carved wooden ear from Shaft 155
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Fig.16 Pottery fragments from Shaft 155
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Documentation of objects in the past excavations
Followings are results of the documentation of objects stored in the Selim Hassan Storage Museum at

Sagqara.

Re-investigations of Small Objects Retrieved from Dahshur North (Seria Yamazaki)
During the 25th investigation of Dahshur North, we re-examined objects that were excavated in past seasons.

Several small objects such as beads and amulets, which | re-investigated in this season, are reported in this paper.

[1] Faience ornament for the Middle Kingdom anthropoid coffin’s headdress (Fig.17)
Provenance: Tomb of Sobekhat and Senetites (Shaft 65)

This faience ornament belonged to the headdress of the intact anthropoid coffin of Sobekhat, which was
found in Shaft 65 in 2007 (Baba and Yoshimura 2010: 10-12; Baba and Yazawa 2015: 3, 5-9). The tomb of
Sobekhat and Senetites was dated to the late 12th to early 13th dynasties. Similar black faience ornaments were
recently retrieved from other tombs at the Dahshur North site: Shaft 134 and Shaft 138 (Yoshimura et al. 2018b:
7-9, 20- 22, Figs.6.1, 22.1). We excavated at least 96 such ornaments from Shaft 134, which indicates that there
was originally an anthropoid coffin similar to the one of Sobekhhat. However, the shape of those ornaments is
slightly different. The faience ornaments of Sobekhat’s coffin are rounder than the ones from Shaft 134 (Figs.17,
18). On the other hand, the ornaments from Shaft 138 are almost the same shape as those of Sobekhat’s coffin.
These kinds of ornaments have been recovered from other Middle Kingdom sites: the coffin of Hapi-Ankhtifi
from Meir (Hayes 1953: 312, Fig.203), Harageh (Engelbach 1923: P1.51), and tomb 24 at Thebes (Carnarvon
and Carter 1912: 53, PI.XLIV.2). Hayes presumed that the ornaments on the headdress of the anthropoid coffin
represent “thick, wavy locks of hair” (Hayes 1953: 312, Fig.203).
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Fig.17 Faience ornament for the anthropoid coffin of Sobekhat

Fig.18 Faience ornament from Shaft 134
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[2] Amulet with an incised standing figure (Figs.19, 20)
Object Number: 40-0357
Provenance: Tomb of Ipay (Shaft A2 or Room H)

This glass (?) amulet is probably identical to the one that was published in a previous paper (Baba and
Tsubono 2005: 70, 73). However, its back side has not been reported. In the 2018 season, | re-observed it closely
and found that a standing figure of a god or a person was incised on the back. This standing figure is facing right
and holding a scepter or a stick.

A similarly shaped glass amulet was retrieved from Gurob, and was dated to the Eighteenth to the Nineteenth
dynasties (Brunton and Engelbach 1927: PI1.XLIV.58V). Unlike 40-0357 from our site, it has no incised figures.

A sarcophagus and a number of grave goods dated from the Ramesside Period were found in Room H in the

Tomb of Ipay (Yoshimura et al. 2000: 107).

0 2cm

Fig.19 Amulet with an incised standing figure Fig.20 Back side

[3] Stone vessel amulet (Fig.21)
Object Number: 20-2470
Provenance: Shaft 17, Room B

This alabaster, vessel-shaped amulet was published in a previous paper (Baba and Tsubono 2005: 70, 73).
However, it recently became clear that this amulet was not perforated straightly, but there is a horizontal surface
in the middle. Traces of drilling can be observed on the upper side. It is possible that this was originally a drilled
miniature stone vessel, and a narrower perforation was added afterward for stringing.

This amulet was found in Shaft 17, from which a stela dated to the late Eighteenth Dynasty (but before the

Amarna Period) and a sealing with the name of Akhenaten were retrieved (Yoshimura et al. 1999: 143, 145-146).

[4] Flattened barrel bead (Figs.22, 23)
Object Number: 50-1975
Provenance: Shaft 23, Room C

A large flattened barrel bead, probably made of white glass. Grooves were observed at the end cut of this
bead (Fig. 23). According to Xia Nai (2014), this kind of perforation can be classified into Type 8 (Xia Nai 2014:
pl.l.a), and these grooves were engraved before being perforated (Xia Nai 2014: 10). It probably helped to decide
the position of perforation. He argued this is mainly for stone beads, but 50-1975 shows that it could be used for

other materials as well.
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Fig.21 Stone vessel amulet

Fig.22 Flattened barrel bead

Fig.23 End cut with grooves
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This bead was excavated from Shaft 23 in which shabtis, blocks with reliefs, parts of a wooden coffin, and a

faience scarab with the name of Thutmose 11l were found (Yoshimura et al. 2000: 104-105, 107, 109).

[5] Semi-spherical bead (Figs.24, 25)
Object Number: 60-0552
Provenance: Shaft 27, Room B

This semi-spherical bead, made of tusk or bone, was published in a previous paper (Baba and Tsubono 2005:
69, 72). In the 2018 season, | observed more details.

The convex surface is polished very well, but the reverse side is not smooth and is natural (Fig.25).
Moreover, grooves can be clearly seen close to the perforation, like 50-1975 above. Those grooves were probably
engraved before the perforation, or it is possible that they are traces of stringing.

This bead was found in Shaft 27 from which several New Kingdom objects, including a sealing from a jar

with the name of Tutankhamen, were excavated (Yoshimura et al. 2001: 51-53).

0 2cm I Dark stain

Fig.24 Semi-spherical bead

Fig.25 Reverse side with perforation and grooves
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[6] Ribbed bead (Fig.26)
Object Number: 50-2174
Provenance: Shaft 25, Room A

A tiny ribbed bead, which was published in a previous paper (Baba and Tsubono 2005: 70, 73), is made of
red glass (?) and gold or silver. Similar beads made of gold were found at other New Kingdom sites (Xia Nai
2014: 120, PL.IX, M68b), and the one retrieved from Gurob was dated to the Eighteenth to Nineteenth dynasties
(Brunton and Engelbach 1927: PL.XLIII, 47Y).

Shabtis, a large heart scarab, parts of a wooden coffin, and an amulet with the name of Amenhetep Ill were

retrieved from Shaft 25 (Yoshimura et al. 2000: 104, 107).

0 2cm
—
Fig.26 Ribbed bead

[7] Abdomen of stone heart scarab (Fig.27)
Object Number: 50-1454
Provenance: Shaft 25, Room A
This is part of a stone heart scarab with incised texts, which was found in Shaft 25, shown above. The

preserved texts are in two horizontal lines, as follows:

1.dd.fib.i n mwt.(i) ib.i

2. n mwt(.i) h3ty.i n hpr[w][...]
“He speaks: My heart of my mother, my heart of my mother, my breast of transformations [...]”
(cf. Schneider 1996: 36, PI.21, cat.196).

That is the first part of spell 30B from the Book of the Dead, which appeared in burials from the 13th
Dynasty onwards (Maravelia 2002: n.26) and was often written on the abdomen of the heart scarab (Andrews
1994: 56).

Mortar can be observed on the reverse side, which indicates that it was originally attached to a certain object.
The pectoral is a strong candidate for it, because heart scarabs were incorporated into pectorals from the New
Kingdom onwards, and this practice extended to non-royal burials by at least the reign of Ramesses Il (Andrews
1994: 59). There are adequate examples of pectorals with spell 30B on the reverse side (e.g., Feucht 1971: nos.
77, 205F; Martin 1985: P1.33, Fig.93; Yamazaki 2018: 207, Fig.3). Moreover, several pectorals that are missing
inlaid heart scarabs have been retrieved from Dahshur North (Yamazaki 2018: 207-212, Figs.3-6).

[8] Abdomen of faience heart scarab (Fig.28)
Object Number: 30-1513
Provenance: Tomb of Ipay (Shaft A, Room A)
This is part of a faience heart scarab with texts that are almost invisible. Mortar can be seen on the reverse

side, which indicates that it was originally attached to a pectoral.
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Fig.27 Abdomen of stone heart scarab
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Fig.28 Abdomen of faience heart scarab

[9] Flail bead (Fig.29)
Object Number: 50-0379
Provenance: Shaft 24

This is a white conical bead made of glass (?). It is relatively heavy and has a glossy surface. Shabtis and
parts of a wooden coffin were retrieved from Shaft 24 (Yoshimura et al. 2000: 107, 109), which indicates that this
tomb was used in the New Kingdom. These kinds of beads have been found at other New Kingdom sites (e.g.,
Brunton and Engelbach 1927: P1.XLIV, 58U; Giddy 1999: 113, PI.25, cats.318, 968, 1035, 3131); they may have
been used for a model flail or whisk (Giddy 1999: 113).

[10] Flail bead (Fig.30)
Object Number: 160-0244
Provenance: Shaft 82, Shaft
This is a small flail bead, which was published in a previous paper (Yoshimura et al. 2012: 32, Figs.11.1,

11.2). A closer investigation was conducted in the 2018 season. This flail bead is made of glazed stone, and a
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Fig.30 Flail bead with reddish brown pigment
Fig.29 Flail bead

reddish brown pigment is preserved on top. Flail beads have been retrieved not only from the New Kingdom,
but also plenty of Middle Kingdom sites, including tombs of princesses (e.g., Morgan 1895: 114, PI.XXXIX;
Morgan 1903: 48, 54, 74; Mace and Winlock 1916: 15-16, 96-102, Figs.7, 35, PL.XXIX; Pinch 1993: PI.2, left;
Arnold 2002: 124). 160-0244 was found in Shaft 82, whose axis indicates that this tomb was used in the Middle
Kingdom; in particular, pottery from this tomb was dated to the late 12th to early 13th dynasties.

[11] Flail bead (Fig.31)
Object Number: 160-0263
Provenance: Shaft 82, Room A

This flail bead was retrieved from the same tomb in which 160-0244 was found. However, the size, weight,
material, and color are different. 160-0263 is larger than 160-0244, but is lighter in terms of weight since it is
made of green faience. Moreover, close observation clarified that a small piece of gold foil is preserved in its
lower part (Fig.31). As | mentioned above, flails made of conical beads have been excavated from many Middle
Kingdom sites. Moreover, several beads —especially from princesses’ tombs — have gold foil along their lower
ends (e.g., Farag and Iskander 1971: 35-36, pl. XXXVIII; Arnold 2002: 124).

Flails from princesses’ tombs are usually made of conical beads of different sizes and colors. They are often
of blue/green glazed faience and carnelian. Therefore, 160-0244 and 160-0263 (Fig.32), possibly constructed from
the same flail, and the smaller one (160-0244), could be placed at the top (Mace and Winlock 1916: 16). 160-

0244 is a reddish brown glazed stone, and was probably substituted for a carnelian.

[12] Pectoral (Figs.33, 34)
Object Number: 40-0046
Provenance: Tomb of Ipay (Shaft A, Room H)
This is a shrine-shaped stone (probably diorite) pectoral (Yamazaki 2018: 208-209). A scarab was possibly
inlaid in the center. There are three diagonal holes for stringing, and we can also see the one failed hole that did

not reach the top surface due to a very steep angle (Figs.33, 34).
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Fig.31 Flail bead with gold foil

Fig.32 Flail beads (left: [11], right: [10])

Fig.33 Shrine-shaped pectoral
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Lal

Fig.34 Trace of failed perforation

[13] Unknown Objects (Figs.35, 36)
Object Number: 50-1302+50-1966
Provenance: Shaft 23, Room B and C

They are enigmatic objects made of blue glass and bronze.

__ I Dark stain

Fig.35 Unknown object (50-1302+50-1966)
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Fig.36 Unknown object (50-1718)

Hieratic Inscription (Motoharu Arimura)

Studies on hieratic dockets written on pottery surface have been done since the end of the Nineteenth
century, and it has supplied a lot of clues to reveal the economy of ancient Egypt. In many cases, attention has
been paid mainly to contents of inscriptions while other elements, for example, a shape of pottery and its fabric,
had not been subjects of interest. However, we can obtain much information also from sherds itself besides the
meaning of written signs, and combining them as possible as we can, more vivid image of the ancient Egyptian
economy and society will be drawn.

At Dahshur North, over 20 sherds with hieratic inscription have been found since early seasons of the
excavations. Though the presence of these materials was mentioned several times (Yoshimura et al. 1998: 115;
Yoshimura et al. 1999: 146), most of them are still unpublished and not fully studied. In 2018’s season, we
have had a chance to study a part of these materials which are dated to the New Kingdom, and this paper is the
preliminary report of the research. Some hieratic inscriptions are difficult to translate and interpretable in several
ways; therefore, we do not regard interpretations proposed here as the final ones, and other better ideas are
welcomed. It is hoped that the materials which will be shown below contribute to the study of the multi-aspects

of the New Kingdom society.

[1] 20-2508+40-0622+40-0637+40-682 (EW-0005+175+0121) (Fig. 37)

Shape: Amphora

Fabric: Marl F, cream slipped exterior

Provenance: Shaft A, Room A, B and H

Transliteration: asb.t 7 irp n ? ? [lIlII ? ? (Line 1) , r&-ms-sw-mry-imn <. w. s hr Il m dr.t hnsw (Line 2)
Translation: Regnal year 7, a wine of ? ? ////// ? ? (Line 1), Ramesses beloved of Amun I. p. h on /// under the

control of Khonsu

Three strokes attached to the ending of irp are grouped vertically with » sign on this material although
they are usually written under the vessel shape determinative, and few parallels exist (e.g. Pendlebury 1951:

pl.LXXXVIII, no.106). Four long strokes follow the irp n, and a sherd which has similar group is found at
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Fig.37 20-2508+40-0622+40-0637+40-682

Ramesseum (Spiegelberg 1898: no. 226). On this material, the first two signs form &3 sign which is a part of
ksmw “vineyard”. Generally, the word “vineyard” follows irp n as the material cited above. However, unlike this,
the first two strokes are not connected at the bottom, but independent on 20-2508+40-0622+40-0637+40-682.
Instead, to read them as quality of wine like nfir or ndm may be possible because there are some examples that

preposition n stands between irp and its quality (e.g. Spiegelberg 1898: no.265), while the strokes do not look
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like adjectives used normally. Another possibility is seeing them simply as a numeral. If so, the first three strokes
and fourth can be separated, since forth one slightly curves to the right as it goes down. And then, it seems that
the fourth stroke and next two signs, arw and stroke which looks like v28° form nhh, but the context does not
match here. To put it simply, it is difficult to interpret the signs after irp n, although the inscription remains
clearly.

On the next sherd jumping a lost piece, only a clear sign seems to be T28 (Mdller 1927: 35, sign 397), but
it is obvious that the last sign which can be seen is the end the first line. Since next line begins with the king’s
name, the last group of the first line might denote a kind of temple or estate.

The second line begins with the name Ramesses 11, and after i, more specific geographical information
must have been written. The name Khonsu directly follows m dr.t formula without the word such as Ary k3m “chief

vintner”.

[2] 40-0741 (EW-0004) (Fig. 38)

Shape: Amphora

Fabric: Marl F, cream slipped exterior

Provenance: Shaft A, Room H, inside the sarcophagus of Mes
Transliteration: // (iyrp ? n hrw 4 n p3 k3m n 3 hw.t nt hh

Translation: // a ? wine of 4 days of vineyard of temple of million (of years)

Unfortunately, it is impossible to know the specific date of king’s reign from this sherd since a part which
indicates it is missing. As mud covers the surface, some signs are difficult to read.

After irp is the adjective which tells the quality of the wine, and at a glance, it looks like ndm (Mdller 1927:
27, sign 296), but basically, ndm “sweet” is written along with the G17 and Y1 (e.g. Koenig 1980: no0.6365), or
at least G17 (e.g. Martin 1988: 119). If this material is not an exception, it is better to interpret the sign as nfr
which can be written in one sign rather ndm, although the above of the remaining ink is faint.

The sign 2k might be followed by (m) rnp.wt, and the “vineyard of a temple of millions of years” is often

mentioned (e.g. Spiegelberg 1898: no. 318; Raven 2001: cat. 432). Probably a king’s name and a chief vintner

was mentioned in the second line.
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Fig.38 40-0741

® “Alphabet + number” refers to Gardiner’s sign list.
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[3] 20-2221+30-1590 (EW-97+160) (Fig.39)

Shape: Amphora

Fabric: Marl D, cream slipped exterior

Provenance: Shaft 17, Room B and C

Transliteration: Asb.t 23 i(r)p /1l (Line 1), n hm-ntr tt (Line 2)

Translation: Regnal year 23, a wine //// (Line 1), of/for the priest, Tet (Line 2)

Regnal year is written without a king’s name. From the same provenance, an amphora which has similar
docket was found, and it is inscribed Asb.t 23 irp n h //// (Line 1), n hm-ntr t //, “regnal year 23, a wine //// of/for
the priest, T//” (Yoshimura et al. 1999: pl. 6. 11).

The second line begins with preposition n, and the ink before this sign is unintended dripping. A trace of
emending can be observed under the nz sign. After the sign im, a stroke and a sign Al are grouped vertically as
a determinative of sm ngr. A name of the priest is # (Ranke 1935: 383, no.20). 20-2221+30-1590 has obviously
N23+36 (Mdoller 1927: 30, sign 334) as a determinative while the name listed by Ranke choices X4. The last sign

W
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in this docket is a sign Al represented by a dot.
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Fig.39 40-0741

[4] 30-0872+30-1060 (EW-174+158) (Fig.40)

Shape: Amphora

Fabric: Marl D, cream slipped exterior

Provenance: Shaft 17, Room C

Transliteration: ///l h3y nfr (Line 1), (n hm-ntr) tt (Line 2)
Translation: ///l a good going down (Line 1), (of/for the priest), Tet.

It is reported that hieratic dockets including the phrase irp n h3y nfr were found at Malgata and Amarna

(Tallet 1998: 206-209), and some translation “wine for a good going down” or “wine which goes down well” is
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suggested previously (Hayes 1951: 89). The other amphora cited above has 4 sign next to irp n, therefore it is
possible that it also contained irp n h3y nfr. Normally, D54 is used as a determinative of %3y, but the trace of the
remain is slightly different from usual shape of the sign (Mdller 1927: 11, sign 120).

This material and 20-2221+30-1590 have an identical phrase, but we can see the difference between them,

such as the way to write #¢, and therefore the scribal hand might be different respectively.

VWL
= WP

Fig.40 30-0872+30-1060

[5] 30-0858 (EW-0172) (Fig.41)

Shape: Amphora ?

Fabric: Marl D, cream slipped exterior
Provenance: Shaft 17, Room C
Transliteration: ? ? s ?

Translation: ?

The inscription is complete since this group of signs are not preceded and followed by other signs. Most of
them are written clearly, however, it is difficult to interpret. The first sign looks like G1(Méller 1927: 17, sign
192) or W25(Méller 1927: 44, sign 496), the next can be read F31 (Mdller 1927: 36, sign 408) or, if the right
stroke is excluded, a vessel shape determinative (Md&ller 1927: 45, sign 498), and S29 is the only the sign which
can be read with confidence. The last sign seems »n, but other reading is possible because the space around it is
worn. Two long strokes might be Z5 (Méller 1927: 50, sign 559).

Given the shape of the sherd and the text aligned on center, it is possible to suggest that this material was

used as a sort of tag.
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Fig.41 30-0858

[6] 30-1567 (EW-0157) (Fig.42)
Shape: Flask

Fabric: Marl D, cream slipped exterior
Provenance: Shaft 17, Room C
Transliteration: see below

Translation: see below

From the shaft 17, several flasks were found, and this fragment must be a portion of these. First three signs
are written clearly and it can be read in two ways. One is regarding N5 as the determinative of dws3, then the
meaning is “morning”. The other interpretation reads it as infinitive and object, that is, dw3 r3 “praising Ra”.
Additionally, the ambiguous final sign looks like G5 (Md&ller 1927: 16, sign 184; Marciniak 1974: 196, sign
184), and if this reading is correct, the object of dws appears to be »*-hr (-3hty). It seems that the latter is a better
interpretation since it makes sense as a sentence.

Flasks with hieratic inscriptions are found in the Tomb of Senneferi at Thebes, and the writing denotes that
all of them were used as containers of good wine (Bohleke 2015: 243-245). It is interesting that the type of
information on the flask from Shaft 17 is definitely different from normal hieratic dockets such as ones from the

tomb of Senneferi.

[7] 60-1035 (EW-376) (Fig.43)
Shape: Amphora

Fabric: Marl D, cream slipped exterior
Provenance: Shaft 30, Room B
Transliteration: mrht 11 10 (20?)
Translation: mrHt oil // 10 (20?)

A part of the inscription cannot be transcribed due to black resin covering the surface broadly. A numeral is
the last recognizable sign on this sherd. Though we can see 10 sign clearly, there is a possibility that numeral is

20. It is difficult to tell them since thick stain veils the area which is critical to distinguish it.



Brief Report of the Excavations at Dahshur North: Twenty-Fifth Season, 2018 67

Before the numeral, a unit of volume must have been written such as znw used frequently in hieratic dockets.
Considering the scribal hand, namely the space between the signs and its size, full spelling of ~Znw seems to
be impossible. In addition to this material, another amphora with inscription “mrh¢” is found at Dahshur North
(Yoshimura et al. 2002: 94). The term mrht is also written other than on amphorae, it is reported that the word is

inscribed on cups made of Nile silt found in the tomb of Horemheb(Schneider 1996: 11).

(/ \; G ‘ZJ‘k‘

\\ // -7
Ao d
0 10cm 0 5cm
—— [

Fig.42 30-1567

) ik

0 5cm

[

0 10cm

Fig.43 60-1035

Photogrammetry for anthropoid coffins discovered in 16th season 2008

In 16th season (2008), four anthropoid coffins were discovered at Shaft 110. The tomb was already
plundered, but coffins for the deceased were relatively well-preserved even though they were intentionaly
broken by a tomb robber to extract the owner's body. Conservation work has been finished, and in this season

photogrammetry for these coffins was conducted, and the followings are the results.
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1OQcm

Fig.44 Iryseraa outer coffin
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Fig.45 Iryseraa inner coffin
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Fig.46 Tawbpawmaat outer coffin
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1OQcm

Fig.47 Tawbpawmaat inner coffin
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