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IR L., BETET 2, HRELEBEEAT VLV AASTHE, EBZ2HETS. ZOMMERLZED
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@D cranium

@ shenoid
®) tooth

© upper part
of spine

‘v lower part
of spine

® humerus

® radius
or ulna

@ central part #ii o //
of femur - /,"

. @ lower part =~ % '%

1. HIH AR O AL offemur U

Fig. 1. Map indicating location of B 2. &AL LR tibia .

|
Yulge‘lhama-mmaml site and affiliated Fig. 2. Name of each sections ﬁ &
sites in Kamakura, Japan. ¢
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BE Ll kFEEFROERXZHICEST, mol LIZLZHDTH 5.
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YIF>2aA7—5 2% Tmg. COIZT 572D CuO % 600mg, Cl ZHB7-0DDDED Ag % 6 DIN
A IA=)VEIZEHED, N Z2ES720® Cu % 500mg & A7z 96 DINA I—)VEIZ AL 850°C T 6 If
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AEBITHAT 5,
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53 #7 &t (Finnigan, MAT252) THIE L7z, CO, DEEHEREHIIZ S 2 U BE(NIST SRM-4990C) % flV /2. N, D
FEUESBHZIE DL-Alanine (CH;CH(COOH)NH,) % Fi\ /=,
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Table. 1 {2 GC NE (LS LZESTF L OFER  E5F  RE/FR). CIER (E5F > H Dk
ROEHRE), YSFDCONK, ¥5F D8 C 1l - "N EZERT.

REDO GC IR (FHER . EI53F a7 BMER) 130.6~10% L2772 072. GC IUED 0.7%
RiGDORFEDOENGKENT, FCHEN S RIS N2AF O "CHERI D BRTEEVERBZRTOT,
A7 ERABOVBVHEHIRETH 2 LI BENzINTWS (P Zh, 1991). FEO
EIRT GC UL 0.7 % Wl /RN 2 T2 DIEL 2 K (YMI21A-6, YMI21A-10)TdH %. EBRAMITH 72
REHYMRIAZAEBEN NS HRICLZABZ2 I O—AF 2 —TITANBBICHEETHZ ENEL,
NEPDDE LS 7207z, FFIT YM121A-6 1. HBELZENL NS0T GC RN 0.7% LT IiZ/zoTz
EEZOND, ERITEBNTLS %L, 65%EED GC WENH/EOSNDEDITzo7 GLE YMS5654,
YM5001 I2DWT). E£/z, WEEOHICHE N TWZNEBHF RIS TIIIR EnT, 525 Licikn
RRICBAL, BOEIELTHIHEELTLEWN, T YMI21A-10 O GC IEMEL 725 72 HK
EEZLN5,

YIF N EFNDIREZBGERIIZTORAEN A% EET2 072, T2 CN HIZETOEEN 2.9~
3.6 OHEIPHICINE -7z, ZHNIERBEQEHYEDIAT—7 VAVRIET. ZOHPAZINN S BITRFIRE
ME L2 EH|E TN T 5(DeNiro, 1985). BLEX D, GEHHLZETF 3L T, REERLER
ALK L DV U 7z 5Bk 72 & fIlT U7z

FEAHE OFEFIL Table. 2 12777, 14C BIEFET OxCal ZHWTEEL /=,

8°C + 8PN 1 D/ ERFEFE O il

SEOEBRTIE, HAME U 2R L TER 2T D8, ERRNEN o /220 BENEE
LR %+ BN CETRMAE B ZE Z LT, BNVEORIEHERENHTL E o572, LA L, BIIE
lE—E kM TR Y5> TH D, DL-Alanine FHEFEIT—HIC 1.67%EL 227D T, HEOT—F1Z
1.67% CHiIE L 7=z /R L7z,

F—@EAENOR L DEIDZ L, FCFETUHEZTT 7z 6 ROBIERERENSINTREZRED
%, HEWICEE S NEREZEE, R - ERFAMALEEDIC 10 TE01% TH D, 6 mhERDI-ERTFIL
ICRED . T BAEREZEIISPC T 10 + £0.1%. 8"NMET 10 : £02%&E/2>TWs, Ko T
SRR NN RED B2 72D T, 5B I ONBREZRBICEIREL LTI I —N—&DIJT
n<,

[ — AN D Rrz % BT 11 T D8"C - 8N [H D55
<YM121A> (Fig. 3)

SR - BWEE - B OIRE - KEBE - KIRERIAER - IKEEEEEoTHD, ENSPC - 8PN i
ZRLTVS, FESPC EAPPRE < 2o TH D, KEKAHIES N EACPEL Ao TWwWa, 5
V3R I28C - PN EAMEICE < 2o TH U, 8C H7A%-193~-182 % T 1.1%. 8N A 12.6 ~ 14.0%
T 14%ELI/Z>TW5,
<YMS5654> (Fig. 4)

BN DR . BHEO K EIRMEOLAITRD 52V, KRG, B, BIEOEIE—H L T,
W5 D E1E8C EH3-19.3 ~-18.4% T 0.9% D7, S"NHAY 124 ~ 13.1% T 0.7% D7 &, D —ffk
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Table. 1. Gelatin and carbon yields, C/N atomic ratios and 8"°C and 8'°N values of extracted gelatins.

Gelatin yield Carbon yield

. 13 15
sample Bone section (Wi%) (Wt%) (atomic ratio) 8 " Cppg (%) 87N, (%o0)

YMI121A-1  shenoid 1.8 44.1 33 -19.0 13.1
YM121A-2d third molar 4.6 45.5 32 -19.3 134
YMI21A-3 rib 1.2 44.0 33 -18.7 12.8
YMI121A-4  lower part of femur 0.9 43.8 33 -19.2 —
YMI121A-5  humerus 0.7 432 33 -19.1 12.6
YMI121A-6  radius or ulna 0.6 43.7 34 -19.0 13.0
YMI121A-7  central part of femur 0.8 441 33 -18.9 13.0
YMI121A-8  tibia 0.7 433 34 -18.8 13.2
YM121A-9  upper part of spine 1.4 42.7 33 -18.3 14.0
YMI121A-10 lower part of spine 0.5 429 3.1 -18.2 13.6
YMI21A-11 cranium 1.0 434 33 =190 12.9
average 1.3 43.7 33 -18.9 13.2
YMS5654-1 shenoid 2.0 43.6 32 — =
YM5654-2d  central incisor 2.3 437 32 — —
YM5654-3 rib 7.1 43.6 32 -18.9 124
YMS5654-4 lower part of femur 11.0 44.7 32 -18.4 12.8
YM5654-7 central part of femur 10.6 437 32 -18.4 13.1
YM5654-9 central part of spine 7.0 45.0 32 -19.0 13.0
YM5654-10 lowerpartofspine 36 Bl 32 .89 ] 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 6.1 438 32 -18.3 13.5
YMS5001-4 lower part of femur 5.5 439 32 -18.5 12.7
YMS5001-5 humerus 4.7 433 32 -18.6 13.1
YMS5001-6 radius or ulna 8.8 442 32 -18.6 12.7
YMS5001-7 central part of femur 6.3 44 4 32 -18.7 12.8
YM5001-8 tibia 6.1 43.8 32 -18.5 12.6
YM5001-9 central part of spine 4.7 435 32 -17.8 13.9
YMS5001-10  lower part of spine 7.8 437 3.2 -17.7 14.1
average ‘ 6.2 44.1 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 -19.1 124
YMI121A7-3 central part of femur 29 454 32 -19.3 12.7
YM121A7-4 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
YMI2IAT-6 commlpmteffmmnr 22 . 453 o eeen3B e ] 13.0
average 2.3 45.5 33 -19.1 12.7
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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.

IZEERT/NE N,
<YM5001> (Fig. 5)
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[B£]

YMI21A & YMS001 M8"°C + 8N fl % Fig. 6 12773 . YMS5654 {3 b7z <, F—E@ENTOIE
5DEB/NENOTTOy M6 Lz, BYEBIL, AN THEES /22 X TICEREREICEND D
RSB0, 2552 « IXZ A b - JaE CRMARIZZE Y4 U % (Lee-Thorp et al., 1989).
TORMEZEZEZ., NBOAT—57 > DEIERKE T+5.0%. EHRTH34%DEMEEMHIEL T Oy L=
(Ambrose, 1993; >KH, 2006).
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B4 6. L AUCREE B 5 it L7z N ORIEMRIT. WA YMI2IA 2. =413 YMS001 Z25RL
T, HMAEZEARSNE &R TERR L 2REREY OFEAELEZRL TWDS (Yoneda et al,
2002),

Fig.7. Reconstruction of 8"°C and 8N in protein intake of the Yuigahama-minami population. Square
shows YMI21A and triangle shows YMS5001, 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).
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C age

2 YMI2IA IZBIT 5 HEe DEALD 14C HFAX
Table. 2. "C ages of different sections in YM121A.

Sample Bone section “Cage  Labcode
(BP, +2s) (NUTA2-)
YM121A7-1 central part of femur 745148 11474
YM121A7-2,4(2) central part of femur 741246 11476
YM121A7-3 central part of femur ~ 719+46 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 716+44 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  691+44 11488
YM121A-8 tibia 731+44 11491
YM121A-9 upper part of spine 734+44 11492
YM121A-10 lower part of spine 685+44 11493
YM121A-11 cranium 686+44 11494
850
800
750 | o
¢ o 4 + @
X | A
700 ¢ A o
4 B 0
X 2
650 PRl E
KK K X I8 i§ Ei& qgjqﬁ i
BB RE BE B W MR siig BB TFEME
GO LEE B EE BEBE Ben B M B
7 WALIZX D 14CHERDITHHX

Fig. 7. Variation of 14C ages for different bone sections.
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Ro53, YMS5654 IZI3ZDRENRD LN TVRND T, HWRICK2BHEERENRBINS, HRIC
KORHEEDOEL, TIUHENEBEORKBIIBIGENNEL TVWS Z & BOBKREHOE N, ¥
ME EBBEETORBOBNREDEZSND. NBEEDBELTIE, ONKTTIIVE - 7)IVERE
IR EDRADIZN T E 2R L 72DY, CN I WIEOINREEMIMER L T A aliEE b H 5.
TNEMHRT D701, C ERBE 21T - I=(Fig. 7).
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W] — B D ERALDENIZE 2 Ty —EEICHBNTSCETH 1.0%. 8N TK 1.5% DL 5 D=4t
Clzo LML, ZOREDIESDETIIEMAMOBMEMBITIIIZEL /WA, EEEEHINTETL
SEEDHENEEZEZ HBRICIISEICL o TIREHTERNWERBINS,

FriCBHE S E IS ETHABEACH 2 DT, ML WiER 2T ORI AT 2 8MICEET S
WENRNHBEEZ D,
14C FERBPE OFERNAE IS Doz 2 ENS, AERBERIIIFEAERNEEZZS5NS., CIN
. ¥ IF DR, REWNRTIIBENRS NN T—F ORI L DEBRIERDNZ 2 515D T,
7 X BRI T X B OREFME LR EEFEZITOIMBERDH D EEZ S, £z, RROHRIC
KD RBOEREHADZE & Vo ZRAHRDIES DEHEZ ENDD T, BRIEMAZZT TV WE4E
DB TRINTI2HLENDH D EEZTND,

[

)Y FERRFEOFHMAZE, RMPAAELIOIEERREZEREL TWEE, BB
BT 2B L TV E L L, Al BRFAREBERE AR O 1A SR #8321 3T R 0T
FHICK D ETTF B END KK - ERFHEROUEICBNWTAEBMEEIC /2D E Lz, TEAHRK
FHERIEREGI L > & —OERITIT, SEHLECSERERONEIOMRICH 2D, < D THEE,
ThzEWEREEE Lz, DEDE#HNZL T,
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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 palacodietary 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, 8"*C and 8"°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-HCI 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, §'°C and 8'°N values. The deviations of
8'C 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 8°C values of gelatins have variations of about 1%, between -19.3 and -18.2%o,
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 8"°N 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.

—126—





