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HABOR—EERNICBIT S EHMOBENICED CN . §8BCfl, 5N, 14C ERDHE
L E\L-®m ORR2.PHEXY
DR FEREREREHEE AR 2R 2) 2B RKFERNERENEL 5 —

XC®»Iiz]

fbad (BRE - AEEDID) BB REFEARIEIC XL 2B OFRRE R EMELOEICH NS
N5, Fle. BOLAESBERMNIEFMOBHZERL TH 0., TORE - E@RLERNARLN S5 EHAA
O BT T TV D(Vogel and Merwe, 1977; Lee-Thorp et al., 1989; Yoneda et al., 2004 73 &).

CNET, BORMI 10 £FTHZ70. BHRHHORNWEHERNT, EOFAZHNTHHET
THRERNWESRZEINTE R, LAL, F—EENOEMICE > TR BBRIEROREICENED
TWLMEDDOFEMZERITZEAERINTEE T, HICHADREEMSEE. BELETOER
aEnTwian, £z, BORPEE - ZEIZHAR, S0 EENM ELTWA0O T, FALFEL
DOTNBEMRERERICEHNL TSNS LRV, 3 5IEE. —DOEBN TOME T E0tE1
BEREZEZDIRE, INETLOFEHRERIMTONEISELTHD, BENTOREDEDEERE
BTS20 ENRH D,

b LEOEMICE > T O EESRMALARE <EZE. ERBECBIERITORERENIED>TL
EFS5DT, —HMLORERFEEZTOEEDOREFMEEAIL L, BB THEK TS 2 EIIREYZEEZLS
N5,

ZTHRZE, AR OR—EENO RSO 11 HHTICDNT, ON i, 8PC - 8°N i, 1C #14Y
WCHEDN 2 NDMNERN, B ORI 2GH R L2 B L TREMSIT 2T > TRVLWONERT L2,

[REH

MBI AT AT ET 2HLETEMERE DS HLE L ZBEEEZED N G346 (YMI2IA,
YMS5654,YM5001) % fH L 7~

F7. ERFHICXIL8E UMERE) 2R 272012, YMI2IA OKEED 5 BBXZ 2em H
#F 159 ToAEHID/ZL T, MUFETILRURZTT 2.

3IERICEEL T F—BEHEARNIC BT S EBAL T~ 11 GBS - BBE - o - e - Bl - BE IR
- KERE - KRG BIETH - IRE - & (CRME ok & IEMEDN S &) (Fig 2)1Z2HIDE Lz, 25
OEMLIIES, BEE - BEEOR. BELREOBEVWEEZIFN L -, HEEE2EZET L2012, 3 4
SIEALUTHUEMZEI 072U, 11 EMETHRAFTELZDIL YMI2IA OATH O, 2 KiExR
FTWBERALH D (YMI21A:11 55, YMS5654:7 S, YM5001:9 ). BEEEZENS YMI21A T2 60
R LD, YMS5654 13 FLZ 60 LA E DL, YMS001 VL% 40~60 D B EntranTns, (i
AT R R R AR E)

[R5 ]

BZ 1.5~3.0mg D ED, @wEAH UL THEHER? 240, XEOFENEZRS, REIZDOWTND
AERT I - TIVEKRBRERET 5720, ZBKIBRB LU TEBEREESRZ S 9 X4~5 Fi7H, AREE
0.6M R IZIZVT. 0.6M OKERAILT b U T AIZ 20 KfIZ &R T Gab, HERIREZE 2 5). TO%H
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HICRL., HESETS, ERLEEEAT VALK TRE, ERBEHTET 2. THWMERALEZEBD
Eé Eixb, ZZT. LERONTH EREFEMIC 15mg~500mg 73 IR 5, HiRICL b2l o —2AF
IZA, E—H—WNTO0.6M HEIZ 4CLL FORM FT 20 BB LR L. BIRd D, ZUTk 0,
[ }\ OFT7NY A NOREIR R EDEBER AT NI 727z VXS BARE SN, D TFORELEBARE
TR MESBORNED, BURIE T Lz 5HREZIOHB L. 0.6M O/KEE(LS MY DA 2 KETD 2
EHE9, HEF T, 1.2M OIEEEIC 1 Ff. 0.6M OIEREIZ 1 IR D 2 MR LT, fHEICR L7z, &
MW IE5, BBICHEZ 15ml OFBE/KIZRL, 80~90C T 12 KflE®D., ¥oF > a5—4 2 &H
Hd 5. EI5F2a5—5 UNETAAVERREHREEERE ST, BRREOESF a5 -5 2[5,
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e Fig. 2. Name of each sections g
sites in Kamakura, Japan. g

&

C/N FEOHIE

YI5F a5 —45 2% 1.5mg. Sn fBICE AT, KERRE22MIER @ It E 5 #r &t (BuroVector,
EuroEA3000) THIE U 7= AZHEGRH T 1T Sulphanilamide(4-NH,CoH,SO,NH,) & VN /2. F—4 D C/N i,
BlE U RFEEEFOERBXZHICEST, mol LIZLEHDTH S,

8%C - 8N Dl

YSF a4 2% Tmg, CO,IZT D728 CuO % 600mg, Cl ZHD7=DD/DED Ag % 6 DN
A 3—IVEIZEHED, Ny ZED720® Cu % 500mg & A7z 9O DA I— )VEIZ AL, 850C T 6 FEfH]
Bex 2L %,

AU 2 ER S 1 DN THE-SEET 2, BT A 2BGEERTRIv TS L. FIvTIh
BNoTe N, 'L Fa T~ —TATHINT %, WEEREINL. 0CIIHP LTS /—)b LRk
EHRTH0 ZMOFRNT, -1200DR>F > EIREFEHRT SO, ZBREL. CO,DARZE 60D Ly

AEBIZHAT S,

BHRABLT6o DA Ly AEBIZEHALIZ CO* N, 2, FRBAERGHFEL Y —OKAHER
53 #T & (Finnigan, MAT252) THIE L7z, CO, DARHEGRHIIZ S 2 U HE(NIST SRM-4990C) & iV /=, N, @D
EEHEEARHTIE DL-Alanine (CH;CH(COOH)NH,) % f\ 7z,

8C, 8UNIILAFORX TEHE Lz, 8°C I3 PDB THEL L. 5N i air THE{LL TS,
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[ 2R]

Table. 1 12 GC NE (EASHLIZEIF L OGEE  E5F VRER). CIE (E5F 2 FDik
EOGHER), ¥YIF DN, ¥IF2085C il - 8"NEZERT.

BEO GC IR (EEER . EI5F2a5—T7 2 EIBE) 1306~10% k47>, GC RN 0.7%
FMOMEDOENFEN, R CHBENS IS NAHN O "CERI D BUTELEVERBEZRTOT,
AT EFROPIEVEBIEIAETH S WO MENZINTWS (FA Eh, 1991). FEIO
KB T GC ILHEN 0.7 % W72 /2n o 72DV, 2 5 (YMI21A-6, YMI21A-10)TH 2. EBRYIICH 72
REHYMRIAIAREN IS RICLEZRB 2 V0 -2 F 2 —TICANDBICHEET L5 EMNEL,
PERPMPRE L Ieo 7. BIZ YMI21A-6 13, HBRLIZEDNE o720 T GC WEN 0.7% LT ITzo T
LEZEND, ERIZBNTLS DL, 65%BED GC URNELND LD IT/aoT (B YMS654,
YMS5001 I2DWT). F7=, WHHEOHICHE BN TWB B SRS TIIRD 2N T, G285 Licikn
FEFICIBAL, BOEI ELTHICHEEL TLE W, F12 YMI21A-10 @ GC INEMEL 722 2 RK
EEZLNS,

YIF L ITEFNIRETARIIETORBN A% LTz, F72 CN HIZETOEEIN 2.9~
3.6 QEPFAICINE /2. ZNWEBRECEMEOI T4 VHVERTE T, ZOHPFZNN D B3 REFIRE
& < 7nn EBE TN TS (DeNiro, 1985), BLEX D, GEHIH L2 E ST I T, REERLEN
SR L DBRIE I U 7= il B2 &l L 7z

ERBNE D RIL Table. 2 1RT . 14C BIFFMRIL OxCal Z AW TEHE L 7z,

8C + 8N fE DA ERFRZE O FHAf

SEIOEBRTIE. HAME LB 2B CERE2RINT 5K, BUURENEN S e OICENER
FNAE 2+ BT ETRMAESZRE LT, BWVEORIERBRABETLUE >, L L, BEILE
R — &R TR Y5> TH 0. DL-Alanine BRI T—RHIC 1.67% T /2o72D T, {BOT—F1&
1.67% CHRIIEL 72 fZ R L7z,

E—EERNOE ML DEID7ZL, ACFETUEZIT> 2 6 AOBEEHRMSHTREZ RED
%, BERRICHE D NERRRZEL, B - ERRAMALEDHIT 10 TH01% TH D, 6 HhEROIZERTFIL
WD BE, TbBEANEEEITSPCET 10 ¢ £0.1%., 8°NMET 10 : £02% &> TWs, Lo T
AERRE DN RZEM L2722 72D T, SHIOMBREZRBNCHEIFREL LTI —N—2 DT
<o

Al — AR O Rz 5 ERAL 11 AT DS C « 3N DK E
<YM121A> (Fig. 3)

BEEE - BT - BEUIRE - KBS - KRG - KHEEEE-TH0. K187 - 8 Nl
ERLTWS, EIESECHENDRV0E< 2o THED, KEKABIES N ERPLLELS B> Twd, ¥F
VIEEEE18%C - SEN M RICE < 2o TH D, 8EC D193 ~-182 % T L.1%. 8Nl 12.6 ~ 14.0%0
T14%EL /B> TWD,
<YM5654> (Fig. 4)

B 72 < | BHED R ETMBEDZALIEIRY 51U, KB, M. B8 OB L Thizn,
5D EIISBC lA3-19.3 ~-184% T 0.9% D7, S NEAY 124~ 13.1% T 0.7% D &, ftho
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1. BOVYIFUEAR, ¥IF L OREGHER, ¥IFHOCONH, §°CHES N HE.

Table. 1. Gelatin and carbon yields, C/N atomic ratios and 8"°C and 8"°N values of extracted gelatins.

Gelatin yield Carbon yield

C/N

. 13 15
sample Bone section (Wt%) (Wi%) (atomic ratio) 8 "Cppg (%0) & N, (%0)

YM121A-1  shenoid 1.8 441 33 -19.0 13.1
YM121A-2d third molar 4.6 45.5 32 -19.3 13.4
YMI121A-3  rib 1.2 44.0 33 -18.7 12.8
YMI121A-4  lower part of femur 0.9 43.8 33 -19.2 -
YMI21A-5  humerus 0.7 432 33 -19.1 12.6
YMI121A-6  radius or ulna 0.6 437 34 -19.0 13.0
YMI121A-7  central part of femur 0.8 44.1 33 -18.9 13.0
YMI121A-8 tibia 0.7 433 34 -18.8 13.2
YMI121A-9  upper part of spine 14 42.7 3.3 -18.3 14.0
YMI121A-10 lower part of spine 0.5 429 3.1 -18.2 13.6
YM121A-11 cranium L 1.0 43 .4 ?;3.--___-_-:1?'.0 _______ 12.9
average 1.3 43.7 33 -18.9 13.2
YMS5654-1 shenoid 2.0 43.6 32 - —
YMS5654-2d  central incisor 2.3 43.7 32 — -
YM5654-3 rib 7.1 43.6 32 -18.9 12.4
YM5654-4 lower part of femur 11.0 447 3.2 -18.4 12.8
YM5654-7  central part of femur 10.6 43.7 3.2 -18.4 13.1
YM5654-9 central part of spine 7.0 45.0 32 -19.0 13.0
YM5634:10 _lowerpartofspine 5.6 A1 . 32 .. K183 12.9
average 6.5 442 32 -18.7 12.8
YM5001-2d  canine tooth 5.7 46.7 32 -18.3 13.6
YMS5001-3 rib 6.1 43.8 32 -18.3 13.5
YM5001-4 lower part of femur 5.5 439 32 -18.5 12.7
YM5001-5 humerus 4.7 433 32 -18.6 13.1
YM5001-6 radius or ulna 8.8 44.2 3.2 -18.6 12.7
YMS5001-7 central part of femur 6.3 44 .4 3.2 -18.7 12.8
YM5001-8 tibia 6.1 43.8 32 -18.5 12.6
YMS5001-9  central part of spine 4.7 435 32 -17.8 13.9
YMS5001-10  lower part of spine 7.8 43.7 32 -17.7 14.1
average 6.2 441 32 -18.3 13.2
YMI121A7-1 central part of femur 2.5 45.1 33 -19.1 12.7
YMI121A7-2 central part of femur 2.0 45.5 33 -19.1 12.4
YMI121A7-3 central part of femur 2.9 454 3.2 -19.3 12.7
YMI121A7-4 central part of femur 1.8 45.7 33 -19.0 12.7
YMI121A7-5 central part of femur 2.5 45.7 33 -19.2 12.8
IMI2IAT-6 centralpartoffomur = 22 L 3 33 e ] 13.0
average 2.3 45.5 33 -19.1 12.7
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145 ¢ sphenoid
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123 ® upper part of spine
120 _ l . . 0 dowg part of spine
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ZE

©13.0F ._H‘ + 3,00 +
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-19.5 -19.0 -18.5 -18.0 -17.5 -19.5 -19.0 -18.5 -18.0 -17.5

8°C, . (%) 81C, , (%0)

PDB

3~5. iR L ERORE R LL & &AL S,
Fig. 3~5. Carbon and nitrogen isotopic ratios of extracted gelatin for different bone sections in
an individual and svmbol kev in Figs. 3~5.

IZHART/NE N,
<YM5001> (Fig. 5) ‘

—fEfk E ERERICSEC - SUNEICIES DENR 6N5, LW - BEXIRE - KBE - KIBEREE
- FEFIHENS C - SPNETE L EHTHO, Rl - IFITeo@Emns - 8NME2RL., HEI3HE
T ENSEC - SENlE B O, |

FEHERNTOES DEE, 8BCHHA-18.7 ~-17.7% T 1.0% D7, 8N EAY 12.6 ~ 14.1% T 1.5% DZEH
U7z,
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[BE]
YMI21A & YMS001 D87C « 8N % Fig. 6 1R Y. YMS654 \XERAL A7 <, F—MENToR

5DEBH/AINOTT Oy b6 Lz, BMZEIRL, RN THEE /25 £ TICEBBREICENH D
AR O, 3572 - TNFA b - JE TRAMAKKICZEDE U % (Lee-Thorp et al., 1989).
ZTOEWEEZI, NBOIT—7 2 OEIZRE TH5.0%. ER TH3A4%DEREMELTTOy hL-
(Ambrose, 1993; 2K, 2006).

20

Marine
mammals

0O YMI121A
A YM5001

(%o0)

Mari
shellfish

air

8N .

5 -
Terrestrial
mammals

B5C, ., (%0)

X 6. HLAERER S it Lz N OREmRNT. WAL YMI2IA 2, =41 YM5001 Z275RL
T, FMAEHASE S LR TERR L 2REEY ORAELEZRL TV (Yoneda et al,
2002),

Fig.7. Reconstruction of 8°C and 8"°N in protein intake of the Yuigahama-minami population. Square
shows YMI121A and triangle shows YM5001, regardless of bone sections. The ovals are showing the
typical distribution of the native food resources collected in the Japanese archipelago and the North Pacific
(Yoneda et al., 2002).

FEROREREIRSNT, BHEOBEEREDRY, bLIETOEEYID TN THIRAL TV
Ba, "CHEMRIMBBRICRIE L TEL RS EFREIN, AERBRIIFIERWZ &b 5,
ZOZMEFIZIEED O/RTSEC - 8PN BIGEWMIEIC 70y hENDHD T, WEYEBRL TWH
MDD ENOND, Tz, HREBYBDOED 10~20% EREND T, 8 CHTH 1%, S°NET
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F£2  YMI2IA 2B % Rie HHEBALO 14C H4K
Table. 2. "*C ages of different sections in YM121A.
Sample Bone section 4c age Lab code
(BP, ¥2s) (NUTA2-)
YM121A7-1 central part of femur 745148 11474
YM121A7-2,4(2) central part of femur ~ 741+46 11476
YM121A7-3 central part of femur 719446 11477
YM121A7-5 central part of femur ~ 704+44 11478
YM121A-1 shenoid 733+44 11482
YM121A-2d third molar 729+44 11483
YM121A-3 rib 716x44 11484
YM121A-4 lower part of femur 710+44 11485
YM121A-5 humerus 700+44 11486
YM121A-6 radius or ulna 716*46 11487
YM121A-7 central part of femur 69144 11488
YM121A-8 tibia 731+44 11491
YM121A-9 upper part of spine 734+44 11492
YM121A-10 lower part of spine 685x44 11493
YMI121A-11 cranium 686144 11494
850
800
<]
5750 | o o
S ] ¢
o %
<t 3 A At
L 4 0/
’ _"t whe
650 | 4 Iy
AAKAABE tE oxd BT
BE BB BR BR = 2 B BIR xjpRir BB TR
GO0 LE B B BB BR BF sify & & B

1 1.5%ARE DX S0 & TR ABIT 2B STO DR ERBERIITHE L 20 E W 5,

f—EENTDIESSXDOFERE LT, RELDEOBEZOND, ZOIIFRIERORTREMNE T, %
FRIEFINZIZANE A (7 X VBRS 7 VAR DMIMT 256 L. WEERY (25 —57) BafL
TT 2 BRRITTCOBEEDZOREBEZ NS, £/, ERNTS &b EELIZENAE U TV R RE
b b, SESH L THEHESEVVELZ R L YMI21IA & YMS001 O _{BRIEEZEFHERE ORE D

7 EALIC XKD MCFERDOITH O

Fig. 7. Variation of 14C ages for different bone sections.
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B53, YMS5654 I3 ZOIREDRRD 5N TWEND T, WRICK WAL ENVRB IN S, R
B RHHEE OB, THUHENEEORKBIIRIGENVPNEC TS Z &, BORARHOEN,,
WEEBBEETORBMOBNREDEZOND, INTAEYICEL TIE, ONKTTI VB - 7)ViRE
IR EDRBADNZNWT EEFER L7200 CON ICHENWHEB OINBEEIIIMER L TWa gD H 5.
FNEWRT D012, “CHERBIE 2T 72 (Fig. 7).

[£ &)

] — RN OERALDEVICE 5 Ty ZEEICH N TS C I TH 1.0%. 8PN TH 1.5% DIE5 D ENE
Clk. LML, ZOREDIESDETIIEBMOBEMEITIIIEEL WA, AFEERINTE T
LEEDHEMEEZEZ DBRIIIESICE > TIREHTERWERB IS,

Bric B BB B & TN EHENCH DO T, MIDWEREZTOBRICIIFEAT 2EMICEET S
WVERHLEEZEZ D,
14C ERBEIEDFERNKEIT S Doz 06, WMBHERITIFEAEZNWEEZS5NS, CIN
b ¥ IF D NER, REWNRTIEIZBNE SN /ZWAT—F ORI L DFRIERNEZ 5NHDT,
72 BHBROTCT 2 BEOREFAMKLREEETONENS D EEZ D, £z, HEROMERIC
LB RBDOTEREADZE &S 2R HEDIES DEHEZ SNDD T, BRIERZZ I Tz niE
DETRFNTLIHLENH D EZEZ TS,

[ ]

BV 7 FERRFEOFHMAER. REPAGLICEERZRABIZ2RZEL TWEZE, SR
BT 2 MBI L TWZZE R Lz, Al BRFREREREAFZER O ARG EB #EEITIITT RO
MK D BT TF a2k - ERGHROUEITBNTREBMEFIT/RO KLz, KAHEBK
FERBEREEL > —OBERITT, RS ERSNETOFRICH2 0, £< O THEE,
TMhzEWREEE Lz, DEDE#HWZLET,
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Variations of 5"°C, 3'°N values and 14C ages in human bone sections

Mai TAKIGAMI', Masayo MINAMI, Toshio NAKAMURA?
1Graduate School of Frontier Science, Tokyo University
2 Center for Chronological Research, Nagoya University

Prehistrical human bone is used for '*C dating and isotope palaeodietary analysis. Fossil bone tends to be
suffered from exogenous contaminants and diagenetic alteration during burial, especially in tropical and wet
areas, and the state of bone collagen preservation differs with each bone sample. Since bone sections in an
individual have different internal structures, such as density, thickness, amount of spongins and compact
bone, different sections could have various levels of diagenesis. In this study, we investigated whether
collagen extracted from different sections of an individual has variations of C/N ratios, §"°C and §"°N values
for different sections of an individual, and whether we can estimate its palacodietary by analyzing one bone
section of a whole individual.

The samples used are eleven bone sections (cranium, sphenoid, tooth, rib, humerus, radius or ulna, the
lower femur, the central femur, tibia and two back-bones) in an individual, nine sections in another, and
seven sections in the other, collected from the Yuigahama-minami archealogical site, Kamakura, Japan. The
surface of fossil samples were shaved and ultrasonicated repeatedly in distilled water, followed by HCI and
NaOH treatments; then samples were lyophilized and pulverized. The powdered bone sample was treated
with 0.6M-HCl in a cellulose tube in a beaker over 20h at 4°C. The decalcified bone sample was treated by
0.6M-NaOH followed by 1.2M-HCI and 0.6M-HCI. Gelatin was extracted from acid/alkali-insoluble residue
by heating in distilled water for 12h at 80-90°C. Combusted gelatin was refined into N, and CO,. These
gases were used for carbon and nitrogen isotopic measurement by using an isotope ratio mass spectrometer
(Finnigan, MAT252). Gelatin was wrapped into a Sn cup and measured for C/N ratios by using an elemental
analyzer (EuroVector, EuroEA3000). To estimate sample preparation-induced variation, seven gelatins were
extracted from a bone section, and each measured for C/N ratios, 8"*C and 8"°N values. The deviations of
8"3C and 8"°N values for seven gelatins are +0.1% and +0.2%, respectively.

Most bone sections have gelatin yield of more than 0.7 wt%, and carbon yield of the combusted gelatin
between 42 and 46 wt%. Bone with more than 0.7 wt% gelatin is generally well preserved, and collagens
with around 40 wt% C are intact. The bone samples in this study, therefore, are well preserved and regarded
as suitable for analysis. The C/N ratios of gelatins varied from 3.1 to 3.4 with different sections in an
individual. The values show quality of the gelatin extractions because the good collagens have C/N ratios
between 2.9 and 3.6. The 6°C values of gelatins have variations of about 1%, between -19.3 and -18.2 %,
for different bone sections in an individual. The other two individuals have variations between -19.3 and
-18.4%o, and -18.3 and -17.7%. The 8"°N values have variations of about 1.5% (12.6~14.0%, 12.4~13.1%
and 12.6~14.1%., respectively) for different sections of each individual. There is a positive correlation
between 8°C and 8N values. The back-bones tend to have highest values, and the rib and tooth have a little
higher values than the others. "*C ages have no variation in different sections. It means exterior organic

substance don’t get mixed in gelatin.
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