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R’ IL R
L-ANINO ACID CARBANION D-AHINO ACID
INTERMEDIATE

M1l 73I/B0O7+I{hoBE.
C*, afiOAKRE; R, HiltE.

Fig. 1. Schematic representation of the carbanion mechanism for amino acid racemization.

C*, asymmetric carbon at the a-position.
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D2 OHIR (RE) KBUBKEDT I /BO 7+ IMLEERHTE L T SENDHS (Bada &
Protsch, 1973 ; fii) o BMEMRE SN TVEL TH, EFERECDOTOBHABOLNNE, 5771

HESEMEDS, T8l & BHESTERIRD b5,

D

T, 05t I{IITERE
(17 3/ BRofMH
{CARBIEET 57 3/ BIREBHRIK, BIKOBEEE-TELNS, T& 3 {LERE—BIT,

— 3 —



Compact bone
zoker e P

|

Scrape outer layers to remove surface dirt
Wash thoroughly by ultrasonication

Crush and pulverize

]

Dissolve in 1M HCL

Centrifuge for lhr
at 5°C, 10,000r.p.m.

Residue Supernatant

Hydrolyse for 24hr in 6M HCL

Desalt on Dowex 50W-X8 (H+) column

Tot Ins Sp st
fraction fraction fraction fraction

2. LEBEREST 2T I/ BOSIIHHE AXBE.
Fig. 2. Fractionation of remnant amino acids.in fossil bone. Tot, total amino acid; Ins, insoluble

(protein); Sp, soluble peptide-free amino acid; Sf, free amino acid.

HHEENEBT IV BESIKBTS D/ L KhoE NSNS (Schroeder & Bada, 1976 ; Bada
et al,1979b) oD E D, BiflE - Wik, ZTOEEIRGBLIBEZONTERLIT5 00 TEH 543,
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1) KL - THEMEEIZECL, ThZh0T 57 Y av (B KB 57+ I (LZaHE
TAHEHEE LY (Matsu'ura & Ueta,1980),
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AR « BB (centrifugation) « MIZKA R (hydrolysis) #BEZET, BT I /B (Tot) « K&
Mas5—4y (Ins) *AHEBERTF F—BET I /B (Sp) - BT I /B (SD 400757
vavikBIohd, B, LEBCREET IV BRIBHALSIZELIREFSLTHRL

(Schroeder & Bada, 1976 ; Matsu'ura & Ueta,1980) DT, Sp7 57 ¥ a V&, FRAESTF
N THR S 5,
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Fig. 3. Gas chromatographic separation of the N-TFA isopropyl esters of alanine, valine and aspar-
tic acid on a 34m x 0.25mm i.d. column coated with N-lauroyl-L-valine terz-butylamide;

temperature, 115°C; He pressure, 6 p.s.i.; FID detector.
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Fig. 4, Gas chromatographic separation of the N-TFA isopropyl esters of alanine, valine and

aspartic acid on a 30m x 0.28mm i.d. column coated with N,N’-[24-(6-ethoxy-s-triazine)
diy1] -bis-(L-valyl-L-valine isopropyl ester); temperature, 135°C; He pressure, 8.5 psi.;
FID detector.
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Fig. 5 The kinetics of racemization of isoleucine in bone at 148°C. The straight line is a least
squares fit of the data. The insert shows the kinetics of racemization of isoleucine in a
calcareous marine sediment at 148°C. In sediments, reversible first-order kinetics are
approximated only up to alleufiso = 0.35 (indicated by the straight line in the insert).
Redrawn from Bada (1972b).
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(Bada, 1972a; Bada ef @l., 1973 ; Dungworth eof al., 1976), {bLGBICB T3 7 & I {LD2k
B (n2/7+K) &k, Asp DG p/1=1/31Ci 3% TOER) 220°C DBEH 15, 000 £ &
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K6 (LABHOTRANGEV/BOS

N v MLEEEEY (EHEEM)
Jo4 HEEFER EDBR, AEORE
08f BEEE—TH 585 5t
Q L7zbdd.Bada & Shou(1980)
5 08f 43; k niE#E.
\_v_l/ — g Fig. 6. Racemization kinetics of aspartic
< 04 1°2 g acid in fossil bones from sites with nearly
— - identical temperatures. A least-squares fit
02k 10! of the data (R = 0.993) yields the indicated
D/ . ' ' ' ' ' ‘ straight line which has a slope (2kggp,) of
0 1000 2000 3000 2000 2.37x10%yr!. Redrawn from Bada &

age {yrs) Shou (1980).

R1po, TRANZFVYRT & MLBERIEHFHRY » EfiticB T 3baE0ERIUEICHER T
HFBTENRBRENS, ME—D Olduvai @ Upper Ndutu Beds TOEREIFEMW TR WVD, T
hOME -« ERFEFBEHE» S, LA “CERPE - D THBLEEZONTVE (RHDEL
RERXDNTOERIL, Bada & Helfman, 19751CPPFEL{HLN TN B),

BREPETS 7+ SMEFERBESTOA TV 5, K2 KADES 1A GEEEAR 0FR
MEBREZB L PERBERIOCTH S FRABOIOLEL SN S, B, Z2HOHEMBD VLD
ik, TR (2445180, 26% 480 IKEBMEINTVED, 77— & DS VEFICIIETFOE
WHH 5B,

HATOBAF &1 TBR FDE0A, ML ERBIIHF TORRESPEESN 5, (N, K
FR) o FIBIROBIEERD B SHAL L BREICOVWTE, RI20Sp757¥avDI+®
EERBIE T3 2 AR S N7z Matse’ ura, 1980), % 3 K ¥ B B L8 E D45
FriEReRT TR, COXR» S, WBENAVERDBOFIHHEICE, A7 F FElEis
BT B/ LEBEHTEA S LHEEN G, KEERBEOBE% calibration sample & L (K
8), Sp7 57 ¥ a¥Do/LlhE AW TERRE L IAEREENENHEEL KUY 7 v A0
BEFBE LA/ (Matsw’ura, 1980), L L, {bLAELOHBENBE Sp 757 ¥ 3 vV THEHE
ENBET I/ BD 7 & I, ARG TREAINGZHEIDIOVTIE, RETORHINE
INTN 3B,

TRNGEVBUANDT I /BT, T5=V, SN IVER Ny, afvy, 4yaL Y
VIREWHEETHLIN, FOECATI=Y, Fuy IVBIEERT A5 F VRICH, BE
E (O KX 3HVHEROBOBPPRE N E VS END 5 (Bada ef al., 19792), L L



F2 AEFEAGEES AOES 1 #R) OFMR

ROfE MR NRES | BARER (Q9T9F11 AR ik 3).

Table 2. Ages for Locality 1 of Zhoukoudian. Data displayed in The Exhibition
Hall of Peking Man Site at Zhoukoudian (Nov. 1979).

Layer no. Age (10" years)  Dating method
1-3 23 t g 3 uranium series
37 amino acid
4 29 thermoluminescence
7 37 -40 palaeomagnetic
8-9 42 J_r 1>010 uranium series
39 amino acid
10 46.2 4.5 fission track
61 thermoluminescence
1 46 amino acid
below 13 > 69 palaeomagnetic

%3 FEEHBRHIBBIBUI3TANSFVBOT € 14k
(Matsu’ ura, 1980 itk 3).
Table 3. Aspartic acid racemization in bone samples from the Arayashiki

shellmound. Data from Matsu’ura (1980).

p/L Asp
Sample
Ins fraction Sp fraction
AR—11 (horse) 0.094 0.198
AR—12 (horse?) 0.074 0.164
AR—-16 (deer) 0. 093 0.219
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Fig. 7. Gas chromatogram of N-TFA isopropyl esters of amino acids in the Ins fraction isolated

8.
Fig. 8.

from the sample AR-16 from the Arayashiki shellmound. Chromatography: 50m x
0.25mm i.d. column coated with N-lauroyl-L-valine fert-butylamide; temperature, 125°C

isothermal; He pressure, 13 p.s.i.; FID detector. Taken from Matsu’ura (1980).
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AREEEZH T8RS SHH S W ATEERTF FESD S 9= k75 4 (Matsu’ura, 1980).
Gas chromatogram of N-TFA isopropyl esters of amino acids in the Sp fraction recovered

from the KS-4 sample from the Kidosaku shellmounds. Chromatography: 30m x 0.28mm
id. column coated with N,N’-[2 4-(6-ethoxy-s-triazine)diyl] -bis-(r.-valyl-L-valine isopropyl
ester); temperature, 130°C isothermal; He pressure, 7 p.si.; FID detector. Taken from

Matsu’ura (1980).
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(LEBIBEFT AT I/ BEZTOBRERNICL - THET I T &3, 7+ I{EERUEEDER
HEED 2 L TR BETERERH D, Matswura & Ueta (1980) BRI 2 KRIK 752 ¥ 3
YOI IMEFMT AL L-T, LY BHEOERENERNELNZ T EERBL, 728
SEERHEF LA B AN ZR Lz,

V. It ERECEET ZREER ‘

AEED T+ I{EERNELE Fh 7/ B0 7 & LSEEREFEREEICL ~TRES”
EVSHHED LI T 308, COREEGEEEHRIL TS EEBbns (L, K6) . J
+ LMD 1 ETH 5505, pH, B (humidity ) 78 EOBIBERTP, i FKIWEDEH
BAEWE LR (¢ leaching ” ) IRV Z2DHEFICEEEZRITTTH A5 T LidUREHE I N7z (Hare,
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Abstract

During the last several years, amino acid racemization reaction has proved to be a promising
chronological tool for estimating the absolute ages of fossil bones. The racemization method has
the advantage of being feasible to date bones which are either too small or too old for radiocarbon
dating.

In this paper the principals and the procedures for racemization dating are briefly mentioned
to begin with. Then several examples of the applications of this dating techniques in palaeo-
anthropology and archaeology are presented, together with some remarks and a few suggestions
for future research. Lastly, the effects of environmental factors on racemization rates are discussed

and a list of criteria for checking the reliability of a racemization-deduced age is proposed.



