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THO, JUT 2 (R=H) DHNIFRERREREFE2RD. CORFREEFOFEICLLT,
T2 JBITIIAFREMEE O A, L B) NEETS. T /BEONAABEICIBNT, AR
Lo T HAHRER SN, FEANKTZACBERT S, ZOREEAINRT A ICFE
EOMmEN SR UCHERT HORHOANT 2, 202012, D BE L BIZRUHERTERS
NTHEERD, TNNTEILORIGHEETH 5.
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L%, TIT, ki=k,=kTH?, RG, OTHEERN—ETH2LTIL, INITF
MtE7I)BODLEO—XREKTHS, ZITT7LVZUAORKIDHEEERK LI

k=Aexp(—yRT) ' @

ERINB, A BT VZURAER, EER LTV F—, R BREER, T 3HHEET
BB, ZOLHIZ, FEEBIBEOEETHD, FROKDENTWSILED DL HZEH
ETHIET, (LADRTEZEEINRBERBREZRD D ZENTES, z& A, Schroeder
and Bada (1979) IZRANRICHEFEIN TV LGNS, BREKHOKRETE 4CLEEDK. L
Nl, JEILORBEEIZREDNICE, ¥ONIBEOXRTF RHTOREGNE, RED
pH &, KOBEHE, 14 MEREIETIETREZMEOEELZ, MRS 5 &5
I B5LEDIT72% (Bada and Schroeder, 1972) .

BED (2003) 13, FHEBOBENSEBMINZT U REABLAED “MbtIhizy 2
JBEBERS OT7 A/NTFBO DL EREL, Z0 DL HE MC FRENS,
BEBRE 41CERDE, FUTEAEILAIZH 44,000 FHIICIER, HEEYHPITHERL,
X 5124 8,000 FERTICEF NMEBOBEICIEAZ EEZ 5N5. DE 0, ZOHELAIZK 8,000
EEBICHBBEENSLLTBY, TEIEEBBLLTNSEEZISNS. 21T,
AFFEICBNTIE, BERBICREABMNAVEEZEZISNBEAICDVT, “C EIZED
FERERDBHEEDIZ, TANTGFUED DL WEHEL, JEILICLKIBERREOHE
NEDOREFENIDOVTERZITD,

®RIcBNT, K=k /k THD, BAFEKC=In
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BEHIR SR 7O > ERAOARLAB X OERHREROBBEEFEHWE, Y2
AHEELEIE, BHARNUTOFIINLERILEN 25mIMET ST A7 AF—E 501k
HE b#E 71° 46 T HRE 120° 307 ) TEHWMEINE (Fig 1). ZOHETIE, FAEROMERE
HWEEZOEUEZBROBEOE KRBT ANSRETARAALT Ly I ANBRETE S,
RS 21.3mOME O LZBRBR NSRRI N, ZOHELEIIH L TiE 34,250+
820 BP, F{bAREBHDIRRIZDWTIZE 80+240 BP, #X 24.7m DIBRITDWTIL 32,850+
1,030 BP @ “C ERVBEMIZN (1994) KX->TROENTWSD, ZOEIEIY > Fhor
B BEICK THIEINAZDDOTHD, G0, XOT, ¥>7hOVE I SETORED
o7z,



Fig. 1 Sampling point of a Mammoth molar fossil

Fig. 2 Mammoth molar fossil from
Bykovsky Peninsula, eastern Sibelia
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E5FTERE-EELREINTNS, AWA—S8, 10,11, 12 DERENZL, ThFNED, V, VI, I
BROSBERENEDDTA )2y, AvRY, DRI DABREDBRBFOVWT N, £/21F
ZDERBEEZLND, NS OEBEBH D “CEMRIT, 4,500BP EXRKHSN TS (Minami
and Nakamura, 2000) .
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Y UEAHELAE, THFAINVE - SFE - A NEOD 3 DOREMMS S wREIC o BEL,
TNTNOHESZD “Cc ERBEIN DL 7ANTF OB ERE L, “Cc FRITEFTF>a
T—T MBI A AHEE, BERYI—ThH5 XAD BIEEZMH WST1E (Stafford et al,
1988) @ 2 HiEeM Wz, A7 =7 R FIIBOERKT D 80~90% % 58, 7 TEK 10
FAD3IERORYRTF (el $H2 A, o281 R)PBENVITEAG > ES 3 BRIEME
2LTHD, BBERG T THRATEEEIF a7 —F LV ICERT %, €5 F L,
T I EN 90T OHEEEKBRICAAETHLZEEFABLT, BEAROOS—F > 2Hil
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I BEMEL, XADBIEEWIEHBERII—Z2ANTII U WHEEZRETEHIETH S,
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TI5Fa5—5 2, XAD MEEE D, RAEHIARE KD THEHERERL, BREOAL
MM ERE L2, 02M NaOH HCHEEMRS L TEREOKE, 7I BERELE.
INEFHRELE L 7288, A5 VARSI L DB L 7=,

2. BRIK

BOEBRS THAENT FOFITNRYA MBI VREIEZRET 5720, HRAEH 2¢
EENO—-AFa—TRANTHEmE 7 ) w T TED, 0.6M HCl £ 500ml HFIZEL, <77
FFVIAY—F—TRELANS, 4CT 16 B, BREToz. ZTOM, FEORRIZ
AHET0.6M HCl KIBER DR M2 1T o 7z, REAKICK O L 288, #0508 (2,000rpm,
20 43) 12X, EEAOREET T —4 2 (Solution Collagen : EAF SC) &, aAF5—45 24
FOWHAL TH DEERIERS (Decalcified Bone : LA DB fR7) Z40BEL, TNFNHKET
B,

3. ¥oFas—4 Uitk

5717z DB B4 200mg 12, 0.1M NaOH /KYEWEH 25ml 2%, 4CT 3 KE7 IV A Y
WEBZITY, FRMETHD7IVEBEBIOTINRBEZRELZ, REKE 0.6M HCl KiE
WTHEROERERLUFHIEL 28, BLOBEC X DEE (Alkali-treated Decalcified Bone fraction : 2A
T A-DB) ZH#EGREL -,

A-DB #J 100mg % 0.01M HCl1 /KE#R (pH 3) ICTIEML2dD%E, TIVIZoATOv Y
b—4%—T 90C, 16 REIMBLEZF L& TD. 0K, OB LE /=D,
EANZZA ) a—Fr v TTHRENEERHATHLZ L. RKIGBEKIIABL, Ry
THHNBE LEAZEMT, LEBAEFEEEZEREL TESF > 35 —5 > (Gelatin Collagen :
LR GO) &=,

4. XAD-2 gL E KRB I N XAD2 #IBIC LA oL 0 NT T T 0 —)

DB 539 200mg IZ 6M HCI #J 3ml 212, 7IVI=ZUAT7Ov 7 bE—%—T 110C, 16
RIS X BIKDEEIT o 2. BREIZBICEOARMY THDILBERE, 73/ Ba2l
Uize 1T LTIKG fE2@E L T 6MHCIKIBIRTY X JBESKREEHEE, n—45 1
— IR L —& —TEHE%, BAEEEICL D, XAD-2 BISLE MK 5 f#4) (XAD-2 resin treated



Hydrolysate : LA'F XAD) %157z,
5. "CERBLU o BC HIE

HILEIC K > THSNEZHEK 15mg 2, ¥ 800mg DHRELIE & BHICER 6mm, £
I S5emDNA A—=)VEIZAN, AEBETHRSEEZ L T OHBRBBREMA . N Z2EZImnm,
£ & 30cm ONA I—)VEITH 500mg OEITLEH & EHIZAN, EZEER L7z, £ 2 FFiE 850°C
TH#L, EUKBEEES A THEL Co, 27k, HHLL Co, 2, $ilte ANk
INAOA—=)VEITKFREEDITHL, 650CT 6 BREIMARAL, $k-KFBEITCHEICXDTTIT 74
FEERLEZ. “Cc ERBERIETBRBAZFERVUEREGHAE L F—CRBINTND Y >
T hOCINEBEEMEE 2 BEERAWTITo 2. £z, BRINE CO,0—ZRNT,
S[IEFERSHTET (MAT-252) 12X D 6 *CEDOHEIEZITH> 72,
6. C/N FLDRIE

FASTIR L R BRI K 2mg 29 TOHy FICHAL, IV T7 73 R7 I REERK
& LT, FISONS instruments L8 EA1108 JTLEASHEHTI KD, C &E N OEFHEEZEHEL, CON
thEsRkD 7z,
7. TE1LHlE

72 /B 10 nmol BBEZVU T VT 4 NA TIVICERD BEZE L 25D, TAFIVERE
(V7O —=)IVEBETEFIVD 36: 1.4 BAERE) 28 15ml Mz, 7oy rse—%
—7T 100C, 1 FEIMBALERNATEEIEEZ, HEWT, TEFIERE (U 7)Ao
MEE S 70O AY D1 : 1RARE) Z205Sml Nz, 70y be—4—T104RmeL,
BEAATEONERIER, 2227009 JITHEMBRL, HA7O0 T 57 4 —
WEODTANTF B8O DIL ERDZ, TE3I{ITIE, XAD BR7a &, GC R 2K E
LizbDZERLZ.
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Table 1 12, HINYTIVEARHAELADRIE, TAL N, HREFICONWT, &F
BER 7 DI, CO, INE, O/N K, 0%C fiBLY “Cc ERMEERLE. WThoFsnas
— T NES 106U EH D, RERENEEICRIFTHZ I ENDMND, TF X)VEIL DB
7 DINEDY 0.004% EFERITE LS, FILEATOER, BLW SC RFITDONWT CON thERD
DAT, CO,E, 6V HBXY “C FREICDVTEHHABERRDZORBETH 5.
vC ERBEEICBNT, “C ERBEOEERIZIZ NBS oA Ak, “C EREIITEE
1950 N5 INDIE->72FHK BP TRL, KVIEMAR “C FREZES D, 0°C iZE2H
WTRBERFRMAED B DEIEEIT > 7.
C/N H

Fig. 3 IR OBZREBEICHNWT, CON R EDLDIITELL TnWENRLE, TF A
Bk <EHERCERHOZRS D CON HIZIT—5 > ORT—REME 32405 (Hare
and von Endt, 1990) &iZIE—H L7z, HBEEEYO O/N HIZ—RIT 8 LLEOFWEERT Z
EME L, FILENEDIZ DN ON NP L TWE DI, AREEYNRESN, LD



Table 1 Collagen yields, CO, yields, C/N ratios, & '>C values and '*C ages of some fractions of
a Mommoth molar fossil from Bykovsky Peninsula, eastern Siberia. .
Collagen  CO, C/Nratio 6 "Cppg C age NUTA2
yield (%) yield (%) (%o) (BP)
Dentin GC1 35.2 - -20.5 36,010 430 6441
2 - - -20.5 35,440+ 420 6442
3 10.0 42.9 2.7 -20.5 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 42.2 2.8 -21.2 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
ICS5 Peat 32,880%£1,030 NUTA-2237

Root : The root of a Mammmoth tooth

GC: Gelatin Collagen ; XAD: XAD-treated hydrolysate

IC4 and IC5 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.
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Fig. 3 C/N ratios of some fractions extracted from the molar fossil of the Siberian Mammoth.

SC: Solution Collagen (Acid-soluble fraction),
A-DB: Alkali-treated DB, GC: Gelatin Collagen,

DB: Decalcified Bone,
XAD: XAD-treated hydrolysate
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PG EN S IND O35 5 > ORRBLEFRMAELIL, BMWOBRL -EEFED
FINRL 2 RIRT 2 E3N5, BKFFEICBNT, &FERS O 0°C ElX, XAD B4, GC
R EBIZ, BRFEANPCCEWEEZRTHOD, C HYWZERTIERELEREYOFTI S —
TFDRT OBC ETHD-23~21% (I, 1993) EFIF—HL~E (Fig 4). £/2, Wih
DEEETITBNTS, XAD AN GC AL D PPREWEEZRLTND, EXH5NHE
ROV EDIZ, XAD-2 BHEUE 21T /=012 5 —47 > % 6M HCl 12Xk > TR RS 2 B
DRMAES NS D, HBUEEATS ZECE->TAT—=F 07 I JBRARNEILLL, 6
PC DEICEENH D EEND (FE, 1999). —REICT NV AVABBEICEIZ235 5207
T BHOBMIIEEAEASNT, AMFEICBNTH XAD-2 MIEUIEORRIZET ORI
KORMEI b0 EZEZOND, —FH, 7IBO 05C fEId-28~24% 3N, TIVH
VEBEIOESF ALOEFBRIETBNT, 7 UPENELRIIRES N ZalfElED
ZEAiZb5,

HBEICBNTIE, POICKRFERHD, TOEVICTFAINENEEL, S5KCEAV
HARMODBHO XD 2iEZ L TS, REIE, ©XHL OREBTHDORITIZEET 5. Fig
4 K0, HEHM, A NE, fFEE, HORFIZWIZTDON, 08C ERELSZ>TW
LOBHMN5B, 1) HONETEREFMAESBNELC TNEDOD, 2) TNETNOWHITT
R T IV BESIRENRES 201, (LFUEIC X BREMAESOESNES 72D
2, 3) WOREBDIT D MHRRFZEDOEEEZZITILTNEDIZO®C EME<ABR>TVWBED
», BEETIEHSMRZ EIZEARWN, L HDHE, {LELUBIZBWTIEAN Sk
REVTERZIREINTNARNEND Z LIRS0, D 2)DAREENEN,
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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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Fig. 5 WY EAHBLEN SHH L Z&EFBRT O “C FREEZRT. KMIEN (1994)
LB EZAABELAD “C FRME, BIOEE 24.7m HADRKD “C FRMED RIS
RUKZ. BEIED (1994) OFEREIZY T hOCE I SRICK->THESNLZDHDT, 75
COMEITGENE S BEWEBOBERIX, Y750 E I SH#ICE> THLSNLEDIEON
BEENENEEZEZONS, B 1 BETHEONLZFERIL, £ I BSETHESNLERELD 1 4
BEEVEREZSTWVS,

T EARABALAD GC RO D “C EMRMIZIRFEDN 36,000 BP, A MNEEEREN
37,000 BP #itt & 7207 DIZX L, XAD B2 ® “C ERMEIIHRIFE, A NEAN 35000 BP
A, BRHRERAY 38,750 BP L7327z, WRE AR\ T, XAD pHE GC o & U 1,000~2,000
FEHEFWEZRLTNS, EREED XAD B33, XAD #igZE@E LT I/ BESKE K Z
INRL—F—CEoTEBLTWBE, TAEL—F—IZHERA L TWAHFKNHH, B
ALTENRH B, —IZ, #HTKD “Cc ERITELS, BAEOEREZRT I ENZN, B
U4 FELDHEN “C EREBDHFAMBEALZETHIE, £D720IC XAD FRAE
KBOTFREHENEZSND. LML, HHBRETHEHEIN TS HFKD “C 413 3,000
FALD UC ERTH2HREEDH D (P, RE), EIRE D XAD RAICEL TR, #HBo
HFAMB IO c EREOHRAIE, HFA/KD “Cc FREBIENLETSH S,
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Fig. 5 'C ages of GC and XAD fractions for dentin, cement and root parts in

the molar fossil of the Siberian Mammoth.



GC f7r & XAD RO D “C FREICENAESNEZREREE LT, KARLH OGN L,
AREBRYO “C ERVEFRROIT—F L L0EL, €5F HMBARICBNWTIIN RS
BN THITHREINTICE S22, GC RAD “C FRMEMNER I U EH < 2o 7z w]fE
MEZS5NS, LM LAELGEDRED OFRKIE 801240 BP, 3.4m LLEDTR I 32,850+1,030
BP EFMLALD bEWERZRL TS (BRIZD, 1994) OT, HW “C F£/_EH D40
RAEBMITITRO BN, HW “C EREZHDNREHMEL TIE, BIhHRoXkNEZSH
%5, HEO—BNAIICHEET28FED GC RANETDEHLVDEZAL MNE, RO GC
RAEXDERDNENEND T ENS, KFOHWREMEAIZEEBL, BLiCELTWSH
EONUICEVWREOEEN T TS EBEZ LN,

GC FR4T & XAD 4D “C FREICENR SN 1 DFEZASNLEKREL T, HiEk
AMS5 XAD A EMHT 2L FUEOBETORRREDOHERENH 5. XAD-2 #f 50 E
E—MRICa 5 =5 D INEN 19U TFORFRERGF TRWMEABIIHLTENTHD, R
REBOREFLREEIIHLTIIESF OMBEEOERFEAERVWEEZENS (B -+
¥, 2000), L7223 T, GEEGESNZEIL, HiR->7% XAD R DERICLD2DDEBEZ
5N%. GC B DRT “C FRENEDHELKEL T XAD BRAMHTBAL TWHBHRRED
BEZREDDEMN03%ER5,

34k

Table 2 17, MEDOHETF LV AEIAS—F > L-7A/NTF U HFED D/L L2 7R79, Bada and
Protsch (1973) &, 6M HCI T 24 R§faiN/K 2 fE U 72§D 7 /X5 F B O D/L thDZE{L % 0.07
ERELTVWD, AFRICBOTE, /7 INNEOIAS—5 2130070, FHhI1 5
A7BOAT—45 1% 0077 £720, 1FIE Table2 D/L Aspartic acid ratio of L-Aspartic acid

Bada and Protsch (1973) O#ERE—FH L =, and collagen standards
L-7ANSFEO DL HiZ 0011 &35 D/L ratio
=T EDbNE<Bo . RTF RS L-aspartic acid ~ no-treated 0.000
STEHROT I BISHES LIZIREBTHE Hydrolysis 0.011
EL, —RICRTFREEPD<BENSBE,  Collagen standard  Sigma 0.070
a-KEAF D EHRENESITIRD, Nakali 0.077

FSEIMHEENKRESRD ENWDRTVWS

(Bl - FIl, 1988) L-7 AN T F VEBEAEIIRTF ML ERVEDIZ, a5—F
CHELFAUCEBUBEOZGETH I IMLOETHEEN NS Mo EEZLEND, {ELAEF
ZBWTIE, 7 BIEIEELAREBTEETSDT, AFIFEIZHWTIL, Bada and Protsch

(1973) E IRk, MKBBLUIZBOT Z/)N5F B O DIL LhOEE 0.07, ‘&f;b%@é}zo

=007 £95, LEMN-T, ROIFIKRDODLDIIZEIND,

1{%-0.14:2@
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Table 3 ICHI R 7 EALRAHBHLEDOEE LT D XAD BEY GC RHFDT A/

FUEBODLE, ZO DL E Table 1| @ “C ERMEEZHNWTEE L ZEEERK k,,, F
BRERELZRT, LHBEREEIL, #HEERLVT7LZUAORXZ[ME> TRz, ADHII,
EEEEDICIFANERCRKRTEDTANTFUBOTEIMENED I ENHSENTNS
(Helfman and Bada, 1975). FHELBEDEIRTH 2 37CITB T 2T ANTF U BOEEE R £,
DIEIE 8.1X10%yr ERDENTNEE®D, ROITRDLIITREIN S,

kasp (tooth) E 1 1
In| 2~ |=—-4f ———— (@
kasp (fOS Sl Z) R Tcalc Ttaoth
ZZT, E,: 334 kcal/mol (Bada, 1972), k,,(tooth) : 8.1X10* yr', k,,(fossil) : HEID F 31k

BT, Toon t 31015 K, Ty : BB Z VI 72 FIBIRIREE, R: 1.987cal/(K * mo) TH %,
Y EAZRHABEADEHBRS D XAD SO DL HIZHARI RN T 0.07~0.08 &7k

U,@%lﬁMﬁ&ﬁ&hEﬁb%ﬁ#sto:@E@EEuﬁAﬁi®¢Tﬁckiiﬁ

BINTWEIENS, HEFRIEIMNFEEAEESRN I ENDNS, DTMIC
007 KD HBRKEVHEHANALNS =D, TEIMENEATND EER, FEHBREREEZE
UIERER, X1 F AR CER-> e, —BRICTKARLOREIZ-ISCT~20CTTHD, Hoihk
EIHREBIAARLOBELI DAV, BASNSEHEELT, 1) YOEARIIEHZT I
REICEE LD TIZRL, BRAMENMETHEKIZBON LD, KiIZTBDLNSETORM
T EIENEAR, 2) HEFNSREINZHOBEREOE(LICED, TEI{IHE
ATE, TR EDFIREHEMNE Z 505,

WARHE XAD 40 DL 12, Of) =007 K0 B8 0057 LS fEmo . HEL

ek DT, 72 /BOBAEREDENVWIIX > TIILHEITENRNALNS 28, HIEE
i, RFE, CACMNEELITED T I JBROBKAHEMEL THY, IKIEOED DL A
OB NRRIZ > TWEENnWSI T EBERZ SN, £, HRHEDO XAD RO H R
FEHRTHW “C FREERLEN, L, ZUNRALEZHFAKOEEZILDZHDRS
i, DIL HICOHENHZ EEZOND, FlRERET 22010, 73 /BOHRDR
BIREE, ISICHFKODHBBETH S,

—7%, GC R4 ® D/L thid, 98, LAY M, HEBVITNICBWTD, XAD ok
DK 001 mWMEEZR>7z., ESFHHDOEE, 90CD 0.01M HCl /KIEEH T 16 KEfE iz %
ToTWa7zD, ZORICHIEZIERNETLEZIEITELD, GC Bald XAD L0 H

Bl DL HATE LD EFABNS, LT, o maksirs0)) i 007 2y
BEVEBASN, BAEOETFLARIT—F I ERNT, €IF Al MAAROB
e s oc ka0 O] ) mekworEnss,



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 -
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. BEEMEREOBREEH
Table 4 IZSEEMIEER N SN S NIZBEFROY ANSFBO DL e, £0 DL
bt & Minami and Nakamura (200000 “C EREZAWTHE L ZREEK £, FHBERE

%%@k“fﬂ%XADW%KOWT%%%EU%@YXN?ﬁ)M@D&Hﬁh@{lfﬂm

D@L, B, HERPIZTEIEIWNEATND ZENDOND, TEILEEN S EERBRE
BEZRDD & 12~14T &R D, FEiT132CEA-72, BEHEERIBXEZETHO,

B UBO L8, bRRAESNBWI &S, EMMTHEICIEAZEVWDNR TS, L
NoT, BERRIIEREFERS L THEICLAZEEZSN, RTVFEBERBEISHET
BERICZTTZEEGRESEZ SN S, REBEKEIKA T 2~3mOBERIZIEATED,
EEBOKE 3mIZBT2EFEKIRIE 2000 £T 17.1C, 2001 F 167CTH 5 (BEEH
BEER, 1997). TBHFTE, FEHICLHBREOEMLBARL, HEFOFEHREIL h
S5OFELHKBLOBBENETFRINSG, LENST, SHEGEONLEBEIL, KBZYUTH
5EEZE5N5,

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)X10° 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)X 10° 13.62£0.1




EX=x:2)

BN T EXAEEEAD “Cc FREEISTHE, A ME, @R EALOEN
IZ& o T, ¥7z XAD B4 & GC R4 T 1000~2000 FEDENRHSNZA, ) 37,000 BP O
FEREZRTOOEEZOND, YOEAAHIAD DL 7ANTF DEBEILISERBEZRNT
REDODIAT—T 2V RED DIL LhEIFEEAEEDSET, TEIBEATVEN 2, LN
2T, HELAEIIH 37,000 FERTICHEBLTHAS T EILOELZRVWERETIIH 2 EZ X
LHTENTES, TNEHBLANAARLP TREINAEZEEEFELRVWERTH S,
B kA OmERIIE “"CERD DIL L DRFE, AL MEERSDTWRRLR > TN,

EEMEEH N SRELZBRERRICOVWTIE I EIMNASI, 132CEND EIRE
ARD BNz, THUIRFEBMDILATOWEMEORE SIZIF—H L k. REBFTERL
BEEHICILATH 58 4,500 FORICEEMICKRERBELEND - 2 LI3EZIT WD,
BEERDNHERL THhoEBBHMEICKRERRERLITAN > EEZEL BN,

AT T EIMITBEORIEKET 20D ELTHE A, pH CEEBYOFEEICLD,
XTI BOMESIRE, KOBEEZED I ILEEIEIEDS. REDSNDO T I(LER
ZDOWTH, HRENBEEINS,

(&)
HHBREFRFRREFFAB O —ELICR, 7/ BROFERLFELRSTCH
ArAR T I T4 —TORECBNTERERZHBE, BRNZHEEEL Lk, LiFEKRE
KRB EFEAT OBHECBEIRITIEEB 2R L TWEZE MBCHT 2 EmERHEL T
WheZEELE, BLTHEERLET,



(51 F>C#k)

RRILFEEE - Pl 5% (1988) 7 X VEED T IMLic K 2FERWE. HEFERE, 29, 129-142,

Bada, J.L. (1972) Kinetics of racemization of amino acids as a function of pH. J. Am Chem. Soc., 95
1371-1373.

Bada, J.L. and Schroeder, R.A. (1972) Racemization of isoleucine in calcareous marine sediments:
Kinetics and mechanism, Earth.Planet.Sci.Lett.,15,1-11.

Bada, J.L. and Protsch, R. (1973) Racemization reaction of aspartic acid and its use in dating fossil
bones. Proc. Natl. Acad. Sci. U.S.A., 70, 1331-1334.

Hare, P.E. and von Endt, D. (1990) Variable preservation if the organic matter in fossil bone. Annual
Report if Director if the Geophysical Laboratory, Carnegie Inst. Wash, 1989-1990, Geophysical
Laboratory, Washington D. C., :115-118.

Helfman, PM. and Bada, J.L. (1975) Aspartic acid racemization in tooth enamel from living humans.
Proc. Natl. Acad. Sci. U.S.A., 72, 2891-2894.

Minami M. and Nakamura, T. (2000) AMS radiocarbon age for fossil bone by XAD-2
chromatography method. Nuclear Inst. and Methods in Physics Research, B172, 462-468.

A - APRE - PMER (2003) LEEASHIELETY I JBO YCHERETEIML
RS, BeTBAEIEE B TE ERR S, XTIV, 201-207.

B R - PARMER (20000 XAD-2 BHIBALEIRIC L BLEHD AMSHC ER -5 F 2l
Hik & DLl —. FBIUREHIZE, 39, 547-557.

B TR (1999) XAD-2 WERIBUIRIC L 235 —5 L OfRE - BRAMASFICTONT. 4
BB IIES BB TFRER &, X, 235-242.

MJIPES  (1993) TV h—T7RBESEITE. BARELCERE B E 28
FERRFIIHTIES © 404-414.

EMRE - EREM - PAHEX - BHED - fFIUEF - V. 72V F— (1994) BN Y,
TA AT AF—EBRLOKXNRLEDOHRENR. & HBREINELFE B ITEHEFHR
=, V, 197-206.

Schoroeder, R.A. and Bada, J.L. (1976) A review of the geochemical applications of the amino acid
racemization reaction. Earth Science Rev., 12, 347-391.

Stafford, T.W, Jr. Brendel, K. and Duhamel, R.C. (1988) Radiocarbon, **C and "N analysis of fossil
bone: Removal of humates with XAD-2 resin. Geochim. Cosmochim. Acta, 52,2257-2267.



Amino acid racemization and radiocarbon age of

a Mammoth molar fossil from eastern Siberia

Masayo MINAMI”, Masami TAKEYAMA" and Toshio NAKAMURA”

1) Department of Earth and Environmental Sciences, Graduate School of Environmental
Studies, Nagoya University, Nagoya 464-8602, Japan

2) Department of Earth anf Planetary Science, School of Science, Nagoya 464-8602, Japan

3) Center for Chronological Research, Nagoya University, Nagoya 464-8602, Japan

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.



