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177 & & IiE it oF fl B
RV F B IEHHR(ESR)UEH 5

o  HAe 2B

(ERKRELHR. WER, JLH 10087

X iE T HRBHRUAEE 4 I0E AR MFEA
HERE

AXMEEF IWRATGRERMN ESR MG REN LRENLER, WEREL, H
3 FHEESR. JCPEETHET ESR W4EPH: FRBBINIERABRBOEME, o FLmant
BOAMEEK RBUOLCRIE U R ERXTHMARKOHESBRERE, BEHRNTTME
B 5% ESR WSE 0 W] 544 5 57 AR AR

1984 FERKIL AR EHF W R IHA BBV HASALTRAENESFINBARRURAT
—RRERZEOHTALLE, QEST. W, SUEAES 2B RBE—iTa K L5
., URFA—MEOKREE (BB, 1985), EXBFY EERBEETNIIYL
A BEMRREALBNIGRE. £FWALENEEREIERRNTNMEE, NER
BT 1985 FHLBFMEELSNRE B XX LA FHTIR, BHESBREETHMN
HYA RA) SEF/ANBEESEWNEIR, #H—SREXMARRZBEIR PN
BIAIR",

AXMEEY AT HERERE, AECUERNETRAZKRIEEREAH 30 4
B, FHRRGOER. SMSYFRER 2°Th /U M1 2'Pa/ U WA AT
DB RTa AL, AMREES LY RTRE, B GARLAHEASRHFNR
Wi B NBES 24-31 4E", “SEHN 28 HAEA A", 1988 EXUREG R B MR,
EATF¥EARTIY R BEE/EBIE, @NE4S 23-30 F4, FH 26.3 74 (Chen and Yuan,
1988).

EFEFIMARBEEAIGHLIER LMAE, SRS, RAR (1983) #EHR
FEMEA. BT (1989) W “INMETF BB A BFIHEASERE”, 0P d
BRAERAREIA (Archaic Homo sapiens) £ 5K, RHEBRERFEA.

SR WANMRFERHRELRET, FENRSAETEAERLETNLNS
2 CEFIWAKEGRES 28 FAEMPVEE SREESERIMITTAALRLE NS LT

BORY H #1:1992-05—08
H R E AR5 &1, YT BS-48970186.
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AL B AR 22 B AT DM — 5 0 TAERISIE” (RUCE, 1988). Bt —HHT
fSWE WEREE®RN, EANLEERRLE, [UTHE— 7 ENERRREN,
TR R FRESBIBANAEBRE ., S EH BRI RS %
W4E (JE0 5 SRR RO R H I WA s S R BISN), B R RO BT A BIR AT AR R
I, X RRE TR AR T AR, AARRIFNESETRENERTE. &
4 T F B SR (ESR) MBS TN FRABREROER, SMERMT
ARMAFARET GRME, DEM L, EAMERSE 1984 K38, b 91001 BERH
MR ETMSTE, HbmArs 5 ALERE.

—. HF BRESREN R
JFHE, YEAERE A

W T SR B WA R M T (Tkeya) T 1975 459 SE4R M, JHLABISE Akiyoshi
W E R 4EES . ESR W4E 7 2 Y BURA T 0B M B B AE— ARG, MR R
BT SR A SR B 2 T S S R R TR 0 ALY, SRR S B S 5 8 P 1, T RS B e
A BT ARG J5ETT LT b FIRRARS R, R AR R R N:

AD = f:D(t)dt (1)
Kt AD WHERFTEZHRBN R, —MAKIIRRE (additive dose method)ZE ESR
WAL, T RSB R I LR AR, D) MR, B REEHR
BRI BB A S BB RO R (B . A1) MOSEIERR. BRI
RS HFHRIAR—ELFTEIRE, D) TR 2.

ESR 773k B MEAEI0G ) B R, TSI R AR A B E A%
T, BAWEEERE, THESETMEN TRATHESHNESFEFHNE
B, LR ESR WA R MBS RS, TE7E% — RIIE 00 B E R R
ESR W4, 7EXPENMEFRA DR Z M, ESR HR AR GETH ME— R 3 i 3% % 5060 W 4F 77
W, ERBSBAMAL IR R, SRR E SR IERA TSR . Fik
ERRXA WRNER", RERLOGMESEN, By EENRFNREY WL RS
BROBMES, SNOBEERRFE A LRIERENER, « WERANK, AEEE
W, BESAKERS. ERKUY ERSERENNTRIRBRAL, SR 5 &R R
f, RBIE—FXT MR B RNS, KIS ESR WARIS, LA
UM R.Gron (1989, 1991) B —Ma, HRARA XM EGBMA LGS 2%
ISR MR TR G, RIH A A LFARKIEN ESR WAL, RI%L
R Gron BFEW, AKNKKHFT I3 ESR BRI RRES, TR
7 2 R A AT A7 49 ESR AR B B K T ERE MR 5 KR A4 FRFIM,
AP SR R R, B ELA A AT T AR AT R RAOBE. EKEER, YE
WEFRBEHA™, HALWABRBEF A ESR F 874 HE N REH R
(Gr0n,1991), FHEAEKREESIUINE.

F ARG A LR TAE.
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. R RPN RN E

AP ITAES AD EHRBHMARBEREN. FHEREYS 2-3mm, FEHREN
20um J5, BREEFILEN 100-200 FORI M PR, BERAE 8 4y, HHE 100mg, HH 7
WEHEFEEELAMLA 0.1, 03, 0.6. 1. 1.5, 2.5 SkGy FI R M, SCFRAVHEBHR
BAfFEOHERANRA MRS, RETEMNE S%UT (EHRE, 1991). ERE
BRFH/PBH"E»—FJE, 7 Bruker ER-200D-HRC X ¥ B RS 4R35 0 Ll it
WREAHNT: @, £ o=3mm BEAKAEE. HEHHE 2mW, HHKREH
100kHz, #3&iA% 2Gpp. BHTHSEX, EBBEERKAFKX, Fl ESR 55FE
ZEENEERE, RITCRASEAAEDE0 I, FRAEERWE—B. KKK,
BN RMNTEL L RWEHE 2% —3%. LK TR ESR R 5 XM S
—%, g{l¥ 2.0018.

B Il B 2k R R B SE R W E MR8 ARt Dose F ESR {55 I LT R AMHER]
I=03%E AD M. XERAZUHE I XFRE Dose MR A, T30 T RLEIME,

BIAN ESR 55 MmE iR R HLK, SBR—KMRNWBERMBL, HPERXh:
I=Kv+ Dose (2

R K AR, RBFERK ESR REUX.
ETHRP R TR BBERE RN, YEREZNEN, HEEPOEHER,
ESR {55 M kS UBUAMIME. FHIEMN TSR MEEEE 550 E, .

I=Imx{l-—exp[—a(Dose—AD)]} 3)

—In(1— IL) = a(Dose — AD) (3a)

b 1, A B B RGO A ML ESR (5SS, « thRRBRBEN—ISH.

B 1RSI 91002 £ 5% ESR {55 I (4R Mma S 4R, FLAbAe o o 58 B By i 4R
M. 7E y WBHRER/DTF 2kGy FEE AN, SHBM 15 Dose ZNYE RIFHREXRFR
O 91002 B WL 1a), MXEE y AT 0.995. HWHEEFH AN, IHKETHK, 250
HMRER, EESBAMEMER, ROXMEPZ/ AR, SITRERRZRY AT
60kGy if, {EEE EATRXEMEAME (B 10 WthER D, ZHEERHRPOMNEE AD
i, AD B AHEBRAFMAL (RE 10 8L T), AD {5 Dose Z HIMXE T
RILHF K., X—IRFE Grun(199D)M X Tt if 3 %, it bk I 55 Dose Z AN
KR AREMIFHRREL (AR 2) FFmRk, SR LA E MRS S Ek
HEHER AD .

BT ERMERER, RATIA A A M BFRE R DL SMERE AD i bR 35508
BAE., HERM AD A7 0.5-1kGy {iFE, UHALEXA. BRIRITER AD HK
MXHRZEN £ 10%, BTFX ESR EEMEM R MNATZLT M, B0 Grun(1991a) ¥ gk
VORI R BAE R R LA . HRERMIREABI 10%ER A%, AD [T &
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TEBAR AD MEBSMET RS Dose iR F (&K I)
Response of ESR intensity to the irradiated dose for the enamel sample of 91002. Curve II shows the

variation of exponently extrapolated AD values in dependence on the highest irradiated dose

= FHEFEDOWNESIE

A3 o EREAFIBOCTORA W B G AR R BSR4, 4SRMMBRLK L
. A& RARTRIOEHESHOCORENE. RiEd. 4. H&E, FA Nambi Al
Aitken(1986) AR B TT 3t ORI AR GRI B A, THE 58 T8 & g R R
RBHEATE. €4S LTHEEROHBEMRE, BEN 1—3ppm, FFEN 40—
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T0ppm, FEHFER AT o. B FRTERET X LEBRE, XH o HERREARK, &
BERY L FSHHOWESEBHERETEEABAER, LR, YRBTH
FANBI SRS, (S RIEN AR L FRR Sk I ABIUR R -2 U Y.

(1) o FHXIEHE K, LKW E

K, AR « BFHAHMN ESR F5HXT pRFHEK, BT o NFERLBP™
ERHBEEA, HEREET SR TN, B K,<1. Gron (1985)F1 De Canniere et
al.(1986) % LW & F B FAEM K, {820 0.15. VUG JLEFrA B AE ESR WK TE
RN K, {8, MRHEZESAXAHE.

ARSI K, EAET ZRWE. AR BUIREEEBOREE Y 5—8um (27 BT A}
K, FHRAEEREM MBI AR—F, #FHPRMIBENIS L RIGE721/B
o SR RAXAN 733 ) B AH AN LA IR KPR IRUG BORE SRR T AR S, B EAMERS
AR R IRE NS BYADTF S0mg. FHE DS —4 S0mg MR RE y FHHE.

« M PHBEAELBMYHEABEXEREHFTH., « WP o NFRERN
3.7McV, #RAEBKERE. pEBIBETMITE. v BREONIWERARIZIE, X
HLEFUBHRE 3. IMeV o N FIRHNEEK,, . MR HRESRIT:

B4 82012 a/f K,;,=0.263

BESS 82012 a/y K,,=0.271

B 83088 a/y K,,=0.316
K, =0.283+0.016,

IR BB A RIS, NG —F, RAMER o RFiERHEX
FHBOHHR Kor=0.8K;, » MBF] K ;=0.227+0.013. XM AT T2 2 6 SCER1E 0.15 %
K, MEBEZHAIL TERERE.

AL RE 0.227 KITHFEF BB LR HFR, FrgEl A% WA SCRETHB 1%
FE., RIOHMUEREENE K 4.

()&% K R P

A3 FD-125 BIHSMNEM T ENFARERNERERB L. AR RR, &

6—9 3%, WB LAHN 0.32, 0.42510.49. BH LIS 7.5ug GBI, TWHL
RREBENBHREEYT. ,

BAE L=/ FESEB i LA, 3% B EbR T a2 R MR BULX =AM ALK, 4
W EEH—EECEMRERR, T LHA A ST A I 0 R 5 FE 3 SR IR P 3B A s 4%
REPE/NTFLEAMERMAE. BRRMNETEFENRERNR L=0.30+0.15, LR
MREHL G EEX - BROEREREA.

GV /KRG W B 3 LAt

RSB IR A &K BT 5l Wi BR—AR. RITEWNEFa W&k i
H17%, BUCAIEHERE 0.10£0.05 53RN S KBRS B LR AR,

PR R R BE R ST, FHEHRTHAWSHE, FrilfiRefBET MR,
BT AT p TR AWM. ARBEERRN R ER Grun(1986).

FHMRFTEI 0.13mGy / a, BHRAHXTTERE/D.

(DRTF B IMAHE S AR
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BRFAAPLUMHMTRETHN, HETRSENRR D) i, BLHNBER
LA AR, RERMMBEARERN, BAZ0 R mA R/ ERR. 7 ESR #
FERE MKBERE B OFRWIMABR, AR Sh7ERE & T80 1 A9 1R 55 1 8] 45 & it
Bedh, DUERG—HATHARE. OAHNMARKX, AABBERE—HEES, AHY
HHA . XFRERAAES B S H AR NATE, BF AR RN, )7
AHMGMAKRR, ESR ERNTIHLERERRN, RBNARIFERERFHTRYE
MABRERE. FRMsERAH, AMEHARENTARNBKELEQR, FHRAERE
Ry zMtak, BT ERETEN—-FUE, Grun g (1991) I ARIERASE
R—AERSIERAZHER, RENALFREL T HAESERNPE, MEMNSH
MRS LR ETR, X—FRAEMY—& ESR WETAFNRRA, HRIAN
RAEF RHE. .

TP AR B ML R R O SR TR R T X Bl N AR B, ER MBI AR
KAHEARBRN, WEELWREAR L 2°Th/ 20U M 2'Pa/ U RS LA RA
BXMBRME—HRRTEIL (R, 1984), SiRENRAEAHERFBROKRRE
KW, ESYREH. TURERAG AN, ANRENARERRENIR, ER
FEBEE FE 5 A HUSE 2 TR R LSO BT T AT IR . 2SR FE B A T I A - R 45 3R
Ja, HABLIER RREA T X B RS, b TR ENBKE, TS
31, pH HAAMARFRALFRE RN, ETRRAEMNEHASEMA, BE T EM A
RERRITI, (BR, AT NUISIRRRA, BRABIFFHLH R YL S 5 Rl RATRE 4
Y B 8] B A0 ST B HE AR BB

REARSCA N A R T A9 ESR WA, BREEMARKYFRZRE, WA
SAEMNA ESR FR SR — R AR FRRBATILN, FETET MEA B R
BEIFJEHR). A ESR TR RIBURE S 6, R ZE S0 RE G 0 Sl 1 IR A0 [ IR R X e R0 i R S
X, YEAEBRRIN, R BINARRRBE S ESR FRINLELRHE,
LE AR RIA SN H AR, EEEREE D) KA ESR 4§11,
{ELR B AR 204 W B T 2% S B B S ARG L T BRI IR A T

AFXFBRN 5 NS4S WM TG R RSRET RFER, FEREENIX ahm
REBEHA (LA 2), BPTYRBEMRMEPMARRI S IX LR G ESR £, R
AT XEERE, &2 PUILHL T EFNREMARRELRE.

M. ESR R BIGRE A

NG E T ESR ERMHHNRF. BFPIHE D) WHET T AMTER:
() MERPHENARAR (TRMERITE, D, W).

(i) FAPAAX FRFE R RTRIZ M B FTER(D,W,L,Th).

(iii) MWD & FARBMOERBSIMER y FR (W),

(iv) LHpe. @MD" (BTRERR) SXRREZER B TR,

) FARFADN T R GXTRR R y FED,W,L,Th).

(vi) TFEH IR,
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Hb¥=me+=fR. LaERPNRFESERIE5ENREER. BIE: D stk
APERIE, EREBCRRNSMARRA RFEHRER, WHEKELIE, LARGS
KEIE, ThHFERAREERE. $TRERR, REMTEARER. FX8E, 7
EEEHERR.

AHAEFRAMREN, BERIEHEXSEAGHEZENHERA—R, FHREIWN
M EME o, HAMNDRMAWN (BIMFRREABWREM), BITXERIRNE I ERLEG
ALUTREFEREMNRE. W D) MEBERAMBELR, Sl (1) XSRS
ERARWH 0 KB, BERMEZHES—SHNREMFERBERZNTER, BEH
DB riskegds, RABHBERENRZE. £ 191001 HAZFAMNHEERSHAEARE
MR, URSESEMEM RSN FREBRENTER,

®1 91001 ¥R EFXBHE ESR £RiTH

ESR age calculation and error assessment for the enamel sample of 91001

LB BRI FEHE A

%) (ka) 1R % error
+ - (%)
AD 708 £ 71 Gy 10 248 213 738
Ug Upin 1.17+ .29ppm 25 243 220 5.2
Ussg Uden © 60.1%2.0ppm 3 233 228 1.3
Uy Ui 2.7+ 3ppm 11 233 229 0.9
Thy Th,, 8.0+ 1.0 ppm 12 234 228 1.3
Ky K, 035+ .05 % 14 232 230 0.4
EH  Moisture 0.1£0.5% 50 240 21 43
Rn &%, Rn Loss 03+1.5% 50 241 222 4.7
By By 1.47£02 2 232 229 0.9
X, 0.22710.026 12 235 227 1.7
BB thickness 2.3+0.2mm 9 234 227 1.7
FHLR Cosm. ray 0.13mGy/a 0 231 231 0.0

S0 Total 12%
i & HiR25,Best age estimate with uncertainty 231+ 27(ka)

h. WELRETE

R2PHTE&FWENF AR R FRRFELFRR ESR 448, 118 ESR 4
RRENRX LGNS T RAS R E RS S S RERRNSIM, b% 2 RAT
AR E:

(X LAHEAREAN ESR £ GHEMMARRER) SR—BERFRFENSESE
BERZEEN-B. BAXWANETEFARTLM, HERTHMAREBERNE
W, HEBEEUMN PPa/ U BUHE ARG L, 800500 A 3 & 58 8983t
91002, 84070 F1 84071 F£ SR AL, WX 91001 F1 91003 #E F AR R (RELE
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020 ZA)). WRWEERN—H, MNTXMNAMFRETEENE O, HrtR: R
EITAENE, ESR JFAMEA S TR SR S A e . X — s TWEFRET 40
T, BETHMARLBERTHEREENBEGSSHARRE RN, Aok, 26
i) FRAEX.

X2 EH£ULWTHAROHEEI ESR %

U-series and ESR datiog results for the teeth samples from the Jingniushan Palaeoanthroplogical Site

TR R NE # B& ESR W 4
Bae U-—dating of dentine . ESR dating of enamel
AP erhage Mpes wy| AP Use  Uxa DU EE EMER atws
No. ka) (£10) (Gy) Usim Uge U Thick EUAge LU Age
g,
(ppm) (ppm) (mm) (ka) (ka)
91001 23716 1.10%.06 708+71 1.17+£.29 60.1£2.0 147 23 231+27 343+36
91002 197£36 .998.040 572+57 1.47+3.7 71321 124 27 197+23 296%31
91003 198+ 14 1.07+.06 675+68 1.13+£.28 71.0+21 122 27 239+28 356+42
84070 30473 1.05£.06 998£100 3.0t.5 598+1.7 135 22 241+28 376+39
84071 258132 989+ .056 799+80 223%+.40 48715 1.35 22 236+28 358%39

QEFEREF LT HAERNAESRE, FHMASRENABRRBRA ESR Fi4H
ZRK., WAHAAFZA ARG R MARRERN TR 23 FELEA, ML
IIABERSE R I T- B 35 T4E. REMABERBARRE, 50 80 HRS %7 %
BARE. FBxE& 4 gt 5 LAEWA SR ESR SR A fEEiH2.

(3)& 2 WHAFES 1Y 84070, 84071 BHEMI IR 4FEHE (Chen and Yuan, 1988) 22
R, HABRERMN U RER 5L ESR FRIRATE R A LM,

MHERIALAHBERAE.

91001 44 BB TR, HiA U RER N 23.7 4, ESR 448 23.1 H4AE,HH A
#E Chen and Yuan(1988) FrEMiZEM M RFELTEE 21—26 FTHEZ (.

BAREMHE MR RFRABEA, HTVHHN 239452 74, U4 ESR i
A E B, HTPHMEN 228421 FF, LFREUARFRIEE 23—30 FEM{EN
(Chen and Yuan,1988), HEA—3. HzZ ESR MELRMEE E&4 ILAKBILAFE
WREALFET 20 Jr4F, WP EHMGM, AMSCHFT Chen and Zhang (1991)X T L1t AJR
MR, B ASEALERE KRR FENE L.

Hift EFBUHOATTEIL R RESH R LR E A EREM T I, Bifdtai ey
FHWERFROKMFERNFL. RERG G Y N B4k, EBEEMAEENE
K, FmM 5.
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ELECTRON SPIN RESONANCE DATING OF TEETH
ENAMEL SAMPLES FROM JINGNIUSHAN
PALAEOANTHROPOLOGICAL SITE

Chen Tiemei Yang Quan WuEn
(Peking University, Beijng 100871)

Key words Electron spin resonance dating; Jingniushan; palacoanthropology
Abstract

Our early work on Uranium—series dating had assigned an age range of 230— 300 ka for
the Palacoanthropological sitc of Jingniushan. In this work five more tooth samples from this
site were dated with both clcctron—spin—resonance (ESR) and Uranium—series techniqucs.

Enamel layers were separated for ESR dating. The accumulated dose(AD) was normalized
with alanine dosimcter. As the AD value based on the exponential extrapolation much depends
on the highest irradiated dose, linear extrapolation going with high correlation coefficiants was
implemented. A value of 0.23 for alpha—cffectiveness has been empirically determined, which
differs somehow from the commonly accepted value of 0.15. Tentative efforts were made to de-
termine the radon emanation and moisture coefficients. To keep the necessary consistency with
the U—dating method on the U—~uptake assumption, the ESR ages were calculated on the basis
of “early U—uptake modcl”. ‘

The closed—system assumption of the U—series dating was cheched and confirmed by com-
paring the Th—230 / U-234 and Pa—231 / U-235 activity ratios for cvery dentine sample.

The ESR ages, ranging from 197—241 ka, arc in fairly good agreement with the U—dates
for each of these samples. The average ESR age of these 5 samples is 229 * 28 (ka), which

matches the lower end of the published U—scries age range.

elaa s



