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dL

—— =hL-kD (L, D ZZFNFNDEIEE) )
ERTIENTE, HEERWE=0)TIED, K L_2DT
L_,=L+D ®
L7=n->T,
dL
_E'z(kl +k2)L“k2Lz=o @

L2t, @REEmILT

NI | -El ectronic Library Service



Nagoya Uni versity
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L%, T, k=k, =k THB. RO, OTHEFEN—ETH5ELTIE, THIIK
BltE7 3 BODLHO—RERTH 2, ZZT7 Lo AOREL D EEEK kI

k:Aexp(—yRT) ' D

EERINBE, A BTV LoUAER, ERBER LI XVF—, R BRAER, T BHHRET
Hb, 2OEOIC, FEEHIBEOCREKTHY, FROKDSENTWBHILAD DL [LZ2H
EFTHZET, (LEORTE-EENZIBEBEEZRD S ZEMNTES, I2& AL, Schroeder
and Bada (1979) HRNICHEEFEINTWLER S, BERKMOKRETZ 4CEEDL, L
AL, SEIMLORBHEEIIBEDNCS, ¥FONIEPOXRTF RRTOREMNE, RED
pH &M, KOBE, (A RERESIEIEREHOREEZRZT, ATHERRENS5EH
T 5551275 (Bada and Schroeder, 1972) .

B EA (2003) 13X, FHEOBENSERINZT U RHEHELLAED “Mibanizy 3
JBESKRS” OT ANNTEED DL EREL, o DL HE “Cc FRENS, T
BERBRE 41C&2KkD7-, T CRAHRIAITH 44,000 FFIICIER, HEYPICEEL,
X 5177 8,000 FERNICHEF NBOBRICIEAZ EEZ 5N5. DX, ZOHEKLAILK 8,000
ERTEBICHEMBENSLLTHY, SEIMEELE L TVWSEZEXONS, £IT,
AFEICBNWTIE, HEEBEICRKELRBAENRNEZEZISNDZILEIZDNT, ¥C EITKD
ERERDDEEDBIT, TANTF DO DL EHEEL, 7EIMICX2REBREOHE
NEDREFRENCDONTERZITI,

ORICHBNT, K=k, /k THD, BHIEKC=In o EEED, BEBEKT

(il B

REEHEI R T7OY D EAOAELABLIUOREHEKENFOREEFZAWE., Y2 €
AHEEAIZ, BN TOF7 N5 HRILER 25mIIMBET ST 2T AF—EEOIL
R (b 71° 46 7 HAE 129° 307 ) THEENZ (Fig 1. ZOHIETIE, FHIROERS
B EFOEUEROBEDE RS TN SREZTARAIAL TV I ANBERTE S, ik
RS 213mOMSOFEME LZRRBHMNSRBRA I Nz, ZOHEEGITH LTI 34,250+
820 BP, FAt{LARBEDIRRIZDWTIL 80£240 BP, X 24.7m DIRERIT DWW TIL 32,850+
1,030 BP @ “C FERNEMIEFN (1994) KE->TRDODENTNSDMN, ZOMERY T O
I BMICE-S THIEINAZDDTHD, FEH, XHT, ¥>7hO2E I SETORED
o7z,
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Fig. 1 Sampling point of a Mammoth molar fossil

Fig. 2 Mammoth molar fossil from
Bykovsky Peninsula, eastern Sibelia

EEWEBOEEBENFOICAET S FEFEERIT, KE 2~3moOBEICIEALEXE
BTHd, £ 3 BFRIL, RELBASERTEETKELS 9 BIZATSNTVWS, RiBICkDEH
TUBREIL, /33, RAvyRY, ZRIDIANKEDZEH5D, Z0 3 BOMEMKIZEIC
LXE5FTRIF-EEHREIN TS, AWA—-8, 10,11, 12 DERENL, ZhFNED, V, VI, VI
BNSEMESNEZHDTT /)Y, AvRy, ZRIDABREDEBREFOVWT NS, /i
ZTOREEEZLEND, ZTNSOEEBHR D “CHERIZ, 4,500BP &Rk 5N TS (Minami
and Nakamura, 2000) .
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(EBRAE]

R OEAHEAIL, TFAVE - FRFE B A NED 3 DO S WARMICTBEL,
TNTNOHESD “C ERBIN DL TANTFUBEEZRAE L, “C #RIIEYSF 0
T EMBTSAEE, RERY Y —ThH5 XAD KIEEZA NS HE (Stafford et al,
1988) @ 2 HiEEeRWie, 25— HFIEEOEEKST D 80~90% 2 &H¥, nTFERN 10
ADIEODRYRTF R (ol $H2 A, a2 1 R)RBENVITKAGH>IES 3 BEREEE
ELTHD, BBERGETTMERATZEYIF a5 —F I % T 2, €5 F CHER,
T I VEN 9T OFHEKBIRICAAETHLZEE2FBLT, BEARKODIS—F > &2HH
THIHETHD, £/, XAD BHEEIL, MAPBICLVILEENPSBORERI?THSY
I BEMEL, XADBEEWIWMBE R —2HANWTTII UWEERETHHETH S,

BEFHICDOWTIH, DL 7 ANTFUEBEOADREIEEITo 72,

1. Bedgd KO

YI5Fa5—5 2%, XAD UHEEE S, REHIRBE KB THEHIRERL, BREOR
S EBRE L7, 02M NaOH HCHFEM% L TEEEOME, 73 BmERELE,
INEFEEEE L%, A5 VAL OBRL T,

2. BER

FOEERDTHDNA ROF I TNYA FBLVRBEZRET 5720, MR 2
EENVO—ZAF 2 —TWRANTHGEZ 27U » T TED, 0.6M HCl # 500ml FIZEL, <7
FFO AT —F—TEELENS, 4CT 16 K, BRKZ2To7. ZOM, RBEOWRKRIZ
BHE T 0.6M HCl KSR DM 21T o 7o BRBKITKO ML L 7288, =028 (2,000rpm,
20 43) KD, EEAHOREMEIT T —% > (Solution Collagen : EAF SC) &, aA5—5 24
FOWHAL TH DEERIERRS (Decalcified Bone : LA'F DB BR%) Z0BEL, THNENHEER
Blz,

3. ¥ Fas—4 Uitk

B 517z DB R4 200mg 12, 0.1IM NaOH /KIEW# 25ml 2MZ, 4CT 3 BE7I AU
WEZTY, FRYMBETHHT7IVBPBIVIINFEERELZ. RE/KE 0.6M HCI KA
WTROEBELFMHEL 28, BOD0BEC L DRE (Alkali-treated Decalcified Bone fraction @ FA
T A-DB) ZHAEEEEL Tz,

A-DB #J 100mg % 0.01M HCl /K¥A# (pH 3) ICTHEMLDD%E, TIVZZoATOvy
b—%—T 90C, 16 KEMBALESTF ALETS. TOK, HBOBILEN =D, #HEt
EANZAZ ) a—Fv v THERENEERT AT L, RIGBKIIABL, Ry
THENEBE LESZMT, LBEAEFELRL TESF > TF—5 > (Gelatin Collagen :
HUF Go) &=,

4. XAD-2 fifgLEEE (KA MB XN XAD2 #igIc LA oL 0 NI 5T 4 —)

DB %43 200mg 12 6M HCl ¥ 3ml ZiZ, 7HVIZUA70OvZ7k—%—T 110C, 16
RIS S Bk RET o /2. BRBIZBICIORMMHTHHILBRERE, 7TI /B2
Uze IS LITIKGEYIZEBL T6MHCI/KBIRTY 2 JBEESKREZAEHTYE, o0—%Y
—INR L —& —TEHEE, BREREEICK D, XAD-2 BIEIEEINK 5 Y (XAD-2 resin treated
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Hydrolysate : AN XAD) #4537z,
5. "CERBLU O BC HIE

RIALIRBIZ K > THESNZRE 15mg 2, £ 800mg DRI & & BITHER 6mm, £
S Sem DA A—IVEICAN, AEBTERSBZ L THoFIREBREZNZ 2, 2N Z2ER 9mm,
£ & 30cm ONA I—)VEITH 500mg DRTLH & EBITAN, EZEHEHA Lz, £ 2 K 850C
Th#L, £UEKEKEEZES 1 O THREL Co, 2/ k. BRILZ Co, &, #ifs AN
INA TI—=)VEITKFEELEEDIZHT, 650CT 6 FFMMAL, S KFBETIEICKD I TT 71
r2ERLZ. “Cc ERAIEIEIAETBREFRAUEREGM AL F—ITRBINTND Y >
T hOCIEBRERANEE 2 B ERAWTITo 2. £/, BRINZ CO,0—#Z2HNT,
S[UERHEESHTEE (MAT252) 12X D 6 *CEDHEIEZITo /=,
6. C/N ELDORIE

HASHBR L BB BRLN 2mg 23 T0Hy TIZHAL, YV T77IR7 3 l\%ff‘“ﬁ’é%
& LT, FISONS instruments f:% EA1108 JTHREAEFHTIKD, C E NOFEEZHEL, C
thEsRDd 7z,
7. TEI{LHlE

72 /8 10 nmol BEZUT VT 4 NA TIVICE D EEERELZDDIZ, TATFIVELREK
(470N = EBETZFIVD 3.6: 14 BERFE 28 15m Mz, Joyrse—%
—7T 100C, 1 FrimEA L KRN A TEESI T, BENT, 7EFIMERAE (Y 7)) 4o
ML 7nnAy > o1 : 1REEHE) 205m Mz, 7Oy 7 be—&—T102meL,
BRERAATROENKEESEZ, 2NE22700XY IEEL, HA7ax s N S57 40—
WEDTANTF B8O DIL ERDZ, TE3I{ITIE, XAD R4 E, GC RS MK #
LZbDEMERLZ,

(fs ]
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Table 1 IZ, HINUTVI U EARHAELADRTE, A2 MNE, EEHICOVWT, &F
AR DINE, CO, &K, C/N H, 08C EB LV “Cc #RMEERLE. WThoHrnas
—TUNERS 10% LU EH D, REFERENEBICRIFTH o &0%bhhs, TF A)VELL DB
B DUNEDY 0.004% & FEFITML LS, FILEFTOFER, BXL SC BT DOWT ON tERD
7= DHT, co2 NK, 68C HBLY “C ERMBIZONWTIHEBERRED-ORBIETH 3,
“C ERBEIEIZBNT, "C FRIBEOEERITIT NBS o VBBEAW:, “C ERMEIIHEE
1950 E@bé#@ o =% BP TRL, XDIEMA “C EREZES7=0, 0¥ EZEH
WTRERMAES I OMIEZTTH> /=,
C/N Ltk

Fig. 3 ICATALEOREBEICHNWT, ON ENEDXSIKELL TWENRLEZ, TF A
Bk <EHASRCERHEOSRSD CON HIZIF5—5 > ORT—REME 32405 (Hare
and von Endt, 1990) &IFIF—| L7z, HEHEHEYO CO/N HIZ—RIC 8 LLEOBFHNWEERT Z
EMEZL, FILENETNIZON O/N ENED L TWB DI, SREEYNREEZN, kD
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Table 1  Collagen yields, CO, yields, C/N ratios, 0 *C values and "“C ages of some fractions of
a Mommoth molar fossil from Bykovsky Peninsula, eastern Siberia.

Collagen  CO, C/Nratio 0" Cppg C age NUTA2
yield (%) yield (%) (%o) (BP)
Dentin GC1 35.2 20,5 36,010£ 430 6441
2 - - -20.5  35440% 420 6442
3 10.0 42.9 2.7 205  36,440% 440 6443
XAD 29.2 2.7 -20.3 35,080+ 390 6444
Cement GC1 40.6 -21.0  37,300% 490 6433
2 18.2 422 2.8 212 37,920% 470 6435
XAD 1 29.6 20.7  35,540* 410 6434
2 30.0 2.6 -20.9  34,470=* 380 6436
Root GC 24.8 2.8 -21.5  37,290=* 480 6445
XAD 13.0 41.2 2.6 21.1 38,750+ 540 6446
IC4 Molar 34,280+ 820 NUTA-2236
IC5 Peat 32,880%+1,030 NUTA-2237

Root : The root of a Mammmoth tooth

GC: Gelatin Collagen ; XAD: XAD-treated hydrolysate

IC4 and ICS5 are a Mammoth mollar fossil and a peat from Bykovsky, eastern Siberia.
’ The data are after Nagaoka et al. (1994).

Error of C age is one sigma.

MRS =T oNBENTVNEEDEEZGNS, 2, ZEHOAMMZRELZZTO
BILEERTO B TH CN D 3.0~33 35— LRUCEZRLTBD, CON EMSD,
COBRBOREFEREVRN 0/ ENDNB, DB RADT IV A ULET, CON LD TH
WRELRBERNBELSNS,

5.0 T T T T T T
| —eo— Cement _
~-0--Dentin
4.0 - - -Root ]
o —o— Enamel
g I |
z
S
3.0 i
20 1 ! 1 1 i il

Bone SC DB  A-DB GC XAD
Fig. 3 C/N ratios of some fractions extracted from the molar fossil of the Siberian Mammoth.
SC: Solution Collagen (Acid-soluble fraction), DB: Decalcified Bone,
A-DB: Alkali-treated DB, GC: Gelatin Collagen, XAD: XAD-treated hydrolysate
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5 *C 1B
FHOAEFNSHEENZ 3T 5 L ORBLERMAILIL, BMOBRLEZREED
FIAALLZ RS 5 EaND, KZEICBNT, SEERI O 6 °C ElX, XAD K5, GC
R EDIT, BFENPCEWEEZRTHOD, C MYWZRTIELEREYOFIS —
7/®m¢6W:ﬁT%62yvm%(%m 1993) &iFIE—& L7~ (Fig 4). £/, WTh
DODEERSITENTS, XAD RO GC RO K DPREWEEZRL TS, ZX6N5HE
KOO EDIZ, XAD-2 BEUEZ2FTS /201235 —4 > % 6M HCl 12Xk > TIKS RS 5 B
DRENARDG N D 5, BB ZITO 2 EICE->TAT—=F DT I JBEARNELL, 6
PC DEIZEENHDEIND (B, 1999). — BRI T IV A VRERIECEIZA5 7207
S/BREOENITIFEEAEALSNT, AFFICTBNTH XAD-2 BIEUEDOBRICETF ORI
EARIEZ 572 bDEZEZEND, —F, 7IHDOPC HEIF-28~24% &N, TILH
JEBLOETF ADOERETRBNWT, 7IYWENEEICBRESINEN S -AEEES
EZ25N5,

H#EICBNWTIE, FOCHERFENDD, TORDICIZFAVENEEL, E5I2EASE
HAWMOBEO LS EEE L Tn5, WRTIE, OEHLOREBTHEORITICEET 5. Fig.
4 X0, HIBEE, A NE, RFHEE, HFOREWITNIIZDN, 6°C ERELZ>TW
<@ﬁbﬁéonﬁ@W%fﬁ%ﬂﬁ%ﬁ%ﬁiUTméwﬁ,m%ﬂ%h@%ﬁ??i
JEERRST X BB IREN R D 201, (LRI K B RMAESBIDEEIES =D
2, 3) WOREBDIT D WHRREDE %%mﬁﬁﬁwt IZO0PC EME< B> TWBHD
2, BEBETEHASHARIEFEARVWE, BL HDEE, LFUBRIZBWTLEN SR
ﬁ%ﬁ%éﬁ%iéhfmmm&mﬁ:&Kﬁét@,U@a@T%@@%MO
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Dentin Cement Root

Fig. 4 0 C values of GC and XAD fractions for dentin, cement and root parts in

the molar fossil of the Siberian Mammoth.
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14Cf > fili

Fig. 5 Y EARAGLAMN SHH L Z&E#RT O “Cc ERMEEZRT. RMEIED (1994)
LB OEZAHEEED “C £RE, BIOBE 24.7m A OREKRD “C FAMBRIFIC
AUz, BEIED (1994) OEREIZSY > TFROCE I SR> THNZDBDT, 77
SOEITGENE D REWRBOBEIX, T hOVE I SRBICE> THRONLEDIFE SN
BEENEVWEEZONS, B 1 BETESNEERIT, F I SETHELSNILZERKID 1 F
BEEWERER> TN,

Y EBEABHBILED GC RO “C FRMISHRFEN 36,000 BP, A MNE EHRERN
37,000 BP Fits &8> = DI L, XAD RO “C ERMEIIRFE, A2 MEH 35000 BP
A%, BRARERAY 38,750 BP L7307z, iRE 2R\ T, XAD mid GC psr & U 1,000~2,000
FEHEWEEZRL TS, ERIO XAD K513, XAD #igZ2@E LY I/ BESKRAHIKZ
INRL—F—ICLoTEBLTVBE, TAEL—F—IZHHL TWAHFKNHER, &
ALTRNRH B, —MRIZ, #TKkD “C ERITELS, BAFEOERZRTIENZ N, b
U4 TELDH EY “C FREBDHFAMBEALZETNE, TDDIC XAD ERNE
BORREMNEZ SNZ, LML, AHBRETHEMAIN TS H KD “C F4R0F 3,000
FALD "C FRTHAFREESDH D (P, RME), EIREDO XAD AL T, #HBo
RSB I CEREOHRIE, HFKD“Cc FRERIENHETH D,

40000 , |

38000 |- % g ; ééD i

146 age (BP)
T
@ O
PPN
[—
|

36000

34000

I
i
|

32000

30000 I | [ | |
Dentin Cement Root Peat Molar

by Tandetron II by Tandetron |

Fig. 5 'C ages of GC and XAD fractions for dentin, cement and root parts in

the molar fossil of the Siberian Mammoth.
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GC ki3 & XAD B D MC FEREICENRSNAEFERE LT, AABEEHOERY L,
SREEY D “C ERNEERROIS -7 X0EL, ¥I5F I HMBEABICBNTIINRE
WIDRTRITHRESNTICE S 22D, GC RHD “C ERENEREL D E L 2o Rk
MNEZSNS, LA LAEEDRE D OIRRIE 801240 BP, 3.4m LAEDIRKIZ 32,850+ 1,030
BP LHELALD DENERZRLTNVWS (EMIEH, 1994) OT, HW “C /%2 H D4
RABMITITR DGRV, HN YC ERZ2HDREMYEL T, BEEdhoknEZz 50
%, HEO—BNAICEET28FED GC RANFDEHLODE AL MNE, EBHD GC
A EODERPENEND T EMS, KFOHWREMEGIERBL, BLICELTWSH
EHOMUITENVRBOFENT TS EHEZ SN,

GC 7 & XAD R4 D “C ERBEIZENRSNZH I 1 DEZASNIREELT, Hfflt
AN5 XAD A &M 2 F L OB TORNRKBEOHERND S, XAD-2 HHIgULHE %
=I5 =5 DINEN 1T ORERERIFTRWVMEABICHLTEYTH D, #fE
REOREFBELAICH LTI F U MHEEOEZFEAERNEEZZ SN (F - F
Ff, 2000). L7z0->T, SEIESGNAEEZ, FRo>/ XAD RO DERICLZbDEBEZ
581%, GC s DRT “C ERENEDMEERE L T XAD BRIMNTIBAL TWASHRRED
BZHREDDEN03%ERS,

Tt 34k

Table 212, HAEDH Y F VAR T —7 > L-7 ANFF R D DL AR T, Bada and
Protsch (1973) I, 6M HC1 T 24 BfIK 538 LU 72 D 7 /X5 F B O D/L LL D2 L% 0.07
ERELTVWS, RFEIZBVWTIE, /7 INNEDIS—4 2130070, FHI1 5
APEDO5—7213 0077 &720, 1FIFE Table2 D/L Aspartic acid ratio of L-Aspartic acid

Bada and Protsch (1973) O#ER &E—F L 7~ and collagen standards

L-Y ANXSF ED DL Hid 0011 &35 D/L ratio
T rEDBAES<BoTe. RTIF RPY L-aspartic acid no-treated 0.000
SINVEHRDT I B E L ZIRETE Hydrolysis 0.011
EL, —RIIRTF REaRO<sNDE, Collagen standard Sigma 0.070
a-KRBAF DB ERENEZTRD, Nakali 0.077

TEIMLEENRELBD ENDNTVWS

(kL - T, 1988) L-7 ANTGF DERFEIIRTF KGR 2 ERWEDIL, O5—4
CRAELFAUHEBRUBORGETH I LILOETEEN NS Mo EEZENS, {LAET
BT, 7 /BRIIHELZRETEET DT, AMFEICHNWTIE, Bada and Protsch

(1973) L Ftk, WKL BEDT A5 F BO DL HLOELE 0.07, '9“7‘;395@%)20

=007 £9 %, LEM->T, ROIPXRDOLDITEREINS,

1{%—0.1% 2kt RO
-7
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Table 3 ICHEIRY 7 EARAHBLEDEE LT D XAD BELY GC RADT A/

FUBDODLE, D DL E Table 1 @ “C FRMEEANVWTEE L ZHEER L, 1
BIREREZRT., FTHBEREX FEERIDTLVUAOKZM > TRDZZ, ADO®KIZ,
EREEBDICIFANEPRTEDTANTIFUBOILIMENED I EVHSNT NG
(Helfman and Bada, 1975). MFALEDEIR TH % 37CIIBI DT ANTF U BOEEEL £,
DEIE 8.1X10%r! EsRDBHNTNB 2D, ROIZKRDL I ITRINS,

k__(tooth
| Ferl00M) | E (11 -®
kasp (fOSS l l) R T::alc T;ooth

Z I T, E,:334 kcal/mol (Bada, 1972), k. (tooth) : 8.1X10* yr', k. (fossil) : idBD T34k

HWEER, T 310.15K, T, : BRI EEBREE, R: 1.987cal/(K * mol) TH 5,
N EAZRHECEDEHERS D XAD RO DL HIZHREERR T 0.07~0.08 &7

v, Of) olcaeieEbsnmok., ZOHBLERANELOH TR 2 ¥ £

BInTWieZEmMs, HEFRIEIMENFEAEEESAN I ENDNS, DTMIC
0.07 KD BRKREWHEANAHASNDZD, TEIEPEATVS EEZ, FHBRRELZEE
LR, X1 FAKCELR >z —RITKAAR L OREIZ-3ISCT~20CTHD, HBoik
EEHREEIAARLOBEI OV, BEXAONSIEHELT, 1) YOEARIBFEE TSI
REICHEEBE LD TIdRL, EBRAEMETLSKIZBON LD, KIZBODNS ETOM
IO IMNEALL, 2) HEFNSRESINEZBROBERBEOER(LIZED, SEI(LNE
ATZ, IREDFIREMNE Z 5N 5,

@E%XMDﬁﬁwum%m,@%lfqm7xm%ﬁmam7am5ﬁtmato%ﬁb

XD, TR BOBBREDENVIZE > TIEIMLEEITEVWNALNS 2D, TR
W, RFIHE, CACMEELITED Y I JEBOKAHEMELTHBY, IKIBOBED DL HE
{CEDEFARRZ > TS T EDEREND, £z, HBRED XAD R OH HERR
FEHRTHW “C FRMEERLEN, L, TUNRALEZHFAOZEILDZHDRS
X, DIL [LICHEENHD EEZ NS, FllRERET L0, 73 VBOMRDOKE
BIREE, I SITHFKODWNBETH S,

—7%, GC R4 ® DL kid, BFHE, £AY MNE, #HEFEVTNICBNTS, XAD &
DHK 0.01 MmWEEE-7z, ESF U HHOEE, 90CD 0.01M HCl /KB T 16 Fefdl Nz z
To TV, ZORIZH IR ETLAEZIEICELD, GC BR7A3E XAD A2 L0 H

B DL AT bOEEASNS, LEntoT, oc maksis0)) i 007 &y
BEVEBASN, BAEOETFLARIT—F Y ERNT, €IF Al MAAROB
iz s aC B0 O ) faeknsnEnss,
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Table 3 D/L Aspartic acid ratio, rate constant of Aspartic acid enantiomer for
some fractions extracted from a Mammoth molar fossil from eastern Siberia

and average temperature to which the sample has exposed

D/L ratio ke Average
temperature (°C)

Dentin XAD 0.077 (2.04£0.02) X107 -4.1%+0.1

GC-H 0.088 --- e
Cementum XAD 0.073 (9.09£0.10) X 10*® -7.6£0.1

GC-H 0.082 --- -
Root XAD 0.057 - -

GC-H 0.069 --- ---

GC-H: Hydrolysate of Gelatin Collagen

2. REMEEHROREFH
Table 4 I[CREMEER N STEMINTZBEFROT ANTFED DIL thé, £ DL
bt & Minami and Nakamura (2000)® “C EHREZANWTEFHE L ZEREEK L, TFHERERE

%%Tﬂﬁ?WHMDWﬁtﬁmfﬁﬁ%ﬁotjjﬂiﬁyﬁ®D&%Mﬁ%lﬁﬂm

FDEL, %, HBPZIEIMNEATVS Z ERNDNS, TEILHEN S EEBRE
BEZRDSDE 12~14CT LD, FHIT132CEAR->72, BERHEEFIIBXRABETHO,
BYLBO LR, baERSNRNWZ ENS, BHBTHERIEAZEVWDNTWS, Lk
Mo T, BEERIIFERIERSLUTHERIZILAZEEZ SN, RTFEEHBEEEIIHET
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5DEEHKBIOBENETFHINS, LT, SEESNZEBERR, KEZUTH
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Table 4 D/L Aspartic acid ratio, the rate constant of Aspartic acid enantiomer
for some animal bone fagments from Awazu archeological site, Siga

and average temperature to which the samples have exposed

D/L ratio Kasp average temperature ("C)
AWA-8 0.112 (9.53£0.17)X 10°® 13.5%0.1
AWA-10 0.119 (1.13+0.02) X 107 14.4+0.1
AWA-11 0.098 (6.24+0.14)X 10 11.5%+0.1
AWA-12 0.114  (9.73%0.17)X10° 13.6+0.1
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AAFE TR EIMITBEOAEKET 2D ELTEL . pH CEEYOHFEEICLD.
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We measured D/L aspartic acid ratios and radiocarbon ages of a Mammoth molar fossil
collected from Bykovsky Peninsula, eastern Siberia and animal bone fossils collected from
the shell mound excavated at Awazu submarine archeological site, Shiga, Japan. Four parts of
dentin, enamel, cement and root in the molar fossil were measured. The '*C ages of gelatin
collagens are dated ~36,000 BP for the dentin and ~37,000 BP for the cement and root,
while those of XAD-treated hydrolysates are dated ~35,000 BP for the dentin and cement
and 38,750 BP for the root. The gelatins have 1000~2000 year older ages than the XAD-
treated hydrolysates, expect for the root part. It might be due to that the gelatins contain
foreign organic carbon with older '"C age than the fossil, or that the XAD-treated
hydrolysates are contaminated by modern carbon. The latter is possible, and the age of the
Mammoth molar could be ~37,000 BP.

The D/L aspartic acid ratio of the molar fossil is low, and it suggests that amino acids in
the Mammoth molar have not racemized since it was dead and buried. This result is well
consistent with the fact that it was preserved in the permafrost. In animal bone fossils from
Awazu submarine archeological site, amino acids racemization is observed and the average of
D/L aspartic acid ratio is about 0.11. The average temperature, to which samples had exposed,
is estimated to 13.2%1.1°C, using the D/L ratios and '*C age of 4,500 BP (Minami and
Nakamura, 2000). Because it is hard to think that there was large environmental change at
Lake Biwa during last 4,500 years after the samples were sank, the animal bone fossils had
not experienced large environmental change about temperature since it was buried.

In this study, we suppose that the rate of amino acid racemization in a fossil depends on
only temperature. However, it is also dependent on other environmental factors such as pH,
existence of water and amino acid composition in a fossil. More study is needed to obtain

reliable the average temperature.
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