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Table 1. Gamma-rays from U-series nuclides

. R Decay Energy Gamma-ray Abundance (%)
Group Nuclide Half-1ife node (keV) (a) (b) (c) (d)
1 U-238  4.47x10% a_ - 49.6 - 0.32 0.075 -
Th-234 24.1d B 63.3 5.69 3.8 5.7 .3.827
92.4 3.15 3.8 3.2 2.725
92.8 3.55 2.7 3.6 2.688
Pa-234m 1.17 m BLIT 1001.4 0.828 0.59 0.59 0.590
2 U-234 2.45x10%  « 53.3 0.118 0.119 0.681 -
120.9 0.0413 0.040 0.233 -
3 Th-230 7.52x104y a 67.8 0.381 0.37 0.40 0.38
4 Ra-226 1600 y o 186.0 3.90 3.3 4.00 3.28
Rn-222 3.824 d o 510.0 0.10 0.07 0.07 -
Po-218 3.05 m o - - - - -
Pb-214 26.8 m g~ 241.9 7.60 7.60 7.60 7.46
295.2 18.9 18.9 18.9 -
351.9 36.3 36.7 36.0 37.06
Bi-214 19.7 m g~ 609.3 42.8 46.1 41.2 41.2
1120.3 15.0 15.0 13.6 15.0
- 1764.5 16.7 15.8 15.8 15.9
Po-214 1.63x10"4s g 800 - 0.010 0.014 -
5 Pb-210 22.3 y. g~ 46.5 4.10 4.05 4,00 4.05
Bi-210 5.01d 8- - - - - -
Po-210 138.4 d o 803 0.0011 0.0012 0.0011 -

a) A.R.Smith and H.A.Wollenberg

b) Table of Isotope

¢) Kernforschungsanlage Jlilich

d) Quick List of Nuclear Decay Data, EG&G ORTEC
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YHEPASC LTt VEENCEEBEORE 2R, EEEMORMELD b ER2ERT 230D
Tdhbo
Table 1 @RULTL 5 €Y BOMEE ( 1BEHVHHSIh 3y BE0HE) 2Py & B3

UAOEBIRI»IZDEE U v, STRHBCAST 2 v BoBEZIRI:— T o BiE e
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BEHEBSRIB TN, HOUP UL 6MRET 5 “°Th, “Ra B RACH THPEZOTEMT 5
boEThid, tFEROURIGEOHHEBLEIRNTHoDIN S,
By, =1
=1+ (r,~1)exp ( -Nt) )

230Th/ BBU={1—exp(—7\.ot)}+(ro—1){exp(—?\.At)—exp( - Xt )}

XN/ (N N) +Ajexp (=2t ) (2)
2Ra FN—TDHBE, bo BB EBLIRSOMELTEDINS,
#Ra/ FU=a+b+c+d ®)
a=1-exp (-2t )~ {exp (=Apt ) —exp (=Nt ) IA (X2
b=(r,~1) [{ exp ( =Mt ) —exp (=Nt ) }/(7\,6—7\.4)
= o (=2t ) = o (=2 ) 3/ = 2] A=)
c=A" {exp (=Nt ) —exp (~ Nt D I A (A= 2)
d=B - exp (~ Mt )
TEDINB CTTA, Mgy Ny REREN P, ®Th, “Ra OBEFEH 1, A, BE
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Fig. 1 Growth curves of 200y and **Ra for various initial values of r,, A and B.
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Fig.2 Growth curves of *%Ra and
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BORMBA (306 50 g, 10° AHE ) OFI% Table 2 CRT,
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and PREAMP. AMP.
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8501-15238 -{ORTEC 120-4 472 4671

ORTEC 6240 mini-computer
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Fig. 3 Block diagram of 1y -spectrometry system
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Table 2. Detection limit of U-series nuclides by non-destructive

Y-ray measurement

Gamma-ray Detection Detection Limit
Nuclide Energy Abundance Background Efficiency by 10% min meas.
u (keV) (%) (cpm) (%) (cpm) (dpm/sample) (dpm/g)

[ Detector : Ge-LEPS 32mmé x 10mmt ]

Pb-210 46.5 4.05 0.01~0.02 6.3 nv 0,006 0 A2 ~ 0.04
Th~234 63.3 3.83 0.02~0.03 7.3 ~ 0.01 N4 ~ 0.08
93 5.41 0.03~0.04 7.3 ~ 0.01 n 4 ~ 0,08

[ Detector : Coaxial type Ge(Li) 50mm¢ x 37.5mmt, Rel. EFf 15 % ]

Pb-214 295.2 18.9 0.014 5.6 ~ 0,005 v 0.5 ~v 0.01
351.9 36.3 0.018 4.8 ~ 0.005 v 0.3 ~ 0.006
609.3 42.8 0.017 2.4 ~ 0.005 ~ 0.5 ~v 0.01

* Counting Source : 50mm¢ x 13mmt, 50 g

6. FERROIER

3 Ty EE o ME S TRIEZIEBE &7z, UL, Table 2&RLIZE 5508
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BRY BRI HETE 3, HRIBEOER 2 ) BLROIE & RudiEdk 28 S1ow,
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131°15' B), CH-vV—X3@EEE (25°0' N, 1271° 45' B), 03 xS uElkEr
CHHAREBN» S, ZUCHEZImd» 5y v TiamEs (26°15' N, 27°0'E) o

#3 ¥ IRBOERE “Ra / TUER
Table 3. Non-destructive **Ra ~ ***U age of Coral samples

Code Sample Location and 226Ra/238y pge
Name Suggested Age Stratigraphic Unit ( x 103y )
CK-M1  Present-day Kikai, Fore-reef Slope 0

N2723 Late Holocene ", Raised Coral Reef 4.6+-.9
CK-19 Latest Pleistocene " , Araki Limestone(L.S.) 53 +- 6
GH-1 Late Pleistocene Minami-daito, Kaigunbo L.S. 123 + 15/-13
GH-3 " " " 128 + 24/-19
CH-1 Late Pleistocene Hateruma, Terrace IV 114 + 16/-13
CH-2 " " " 125 + 21/-17
cH-2' " " " 128 + 19/-14
CH-3 "o " " 109 +-12
YT-1 Late Pleistocene Kikai, Kamikatetsu L.S. 73 +- 6
YT-2 " ", Araki L.S. 49 +- 4
YT-3 " ", Kamikatetsu L.S. 76 +- 6
YT-4 " n . ] 6] e 5
YT-8 1" n . u A 76 +e 9
YT_9 o 11 (1] . Hi 63 +- 6
YT-11 " ", Araki L.S. 46 +- 3
YT-13 " ", Unnamed Basement > 300
YT-14 o ", Kamikatetsu L.S. 80 +- 6
YT-16 " "o " 63 +- 6
TT-6A Early Holocene Kikai, Coral Reef, Borehole#6 6.3+-.7
TT-8A " "y " » Borehole#8 8.0+-.7
TT-9A " v, " > Borehole#9 0.8+-.7
TT-10A " "y, " » Borehole#10 9.3+-1.0
TT-108B " ", " . " 13.8+-1.0
CH-4 Late Pleistocene Hateruma, Terrace 140 + 28/-23
CH-5 Middle Pleistocene " , Terrace I > 270
CH-6 " " s " 209 + 80/-44
CH-7 Late Holocene " , Sand Dune < 2.1
CH-8 Middle Pleistocene " » Terrace II > 205
CH-9 " 1 . n > 207
CH-10 " " . " 220 + 50/-30
CH-11  Late Pleistocene " , Terrace IV 146 + 24/-20
CH-12 " " , " 133 + 16/-14
CH-13 " " , " 114 + 12/-11
CH-14 " " . " 128 + 15/-12
CH-15 Middle Pleistocene " , Terrace II ? 160 + 20/-17
CH-16 Late Holocene " , Sand Dune 1.7+-.8
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Table 3Bk OREMM & 2 OHMBER G PFERBy ek 3ERRZE LD, ThdD
Ly BL YT, FEEETEONIEEY v ToERIR 5 F~1FE, 5~8F%E 11~14F4E,
WHEDBORZNULEDADDIN—~TKPHF 6N %, Vv TREBEKETEET TS £
b Y EEY Y TOERL, o TOXTHOMKH ORI ZH AL L TED TEETH 5, %
1, PrTRENETNROEBRHFCHEVIIKE(~10mLR) TERT 20T, BETRES
BEY ¥ T OERD b Z DHIBOBEDKED 5027 OEE U & U THREOFSHE 2R
BLEMTE B,

Table 3 CRUKERICIE, JEREEREAT 5LC ‘CETERPAES NI O & 3,
GH-1 & GH~-312 "“CHETI3 27,500 £E45 & OF 33,100 SEDENB b, HEREMCIBETE 5 &
UVTHBEEINTHIz3OTH 3, FEREy Bl k 2ERIZ 12.3 B, 84 0°12.8 GETHRE
BHROEOFBEEY v T280MBC >0 TTFHINIHMBEER L L {F> T3, BlELL
AY v TRGREBEA 2% Twisw7 5 LA (Aragonite ) OSE#E" % § - LB HTH 5,
FEBE " Ra / P UBOT S 6 ThIE OBET 3 FEL hHCEBHIEAE, £ OECHLT
BT ABEBSBRELC ERRUTOE D EOOTINELSTH 5,

9.2 FEREY IR L a RO
FUCBRINEREY Bk 5 EEROEROZY 2T/ 5120, BEOakicd 3
FERAE L T- T3, FEBEAE ZRAIHBOFRD 6 W O ZEBCRFES (~208) %
AL 2R b s by —rk b 2T /20, PTh  PUREROERREH U,
UxXVTh® b L—3—id”Th / PURBSERCH ST 32U 2ok, L2
HRC X 2BR OBR, KBk HIMHME B14 Tk 500 BB viiliE
BEA A ok AR ERA LT AP SIRTAF—L o TfTo 120

20 DHHTHE 6 niciliEkER #Table 4 /Rd, ZEBE ( ppm 72 dpm /g ) 20T
HBE, YHROBIHNESES, vHHECE 3RNBEXSE 1E { R0 Ui o MmO e
BECT N E S EEOBETIIIE—HUTO 5, —F, 7 EECHENEEX  ERSTEELRa
i, otk 27°Th EASOBETHESN, UL bR C—BME6h T 5, YHER
& AERNEOPERE L LT UBEOEEBSF RSN T3, ChbOfZBOTED

xHUTIREE D ET T LEISEORBI NS Y L RHBLE OBEERRT 34, TELS 3
ERERRSED X VEERTRE ( Calcite ) #EREMT 5, REOFREHER2F = » 757z
H 50U OBEKRAROXBEIT 247 Calcite DFERDF = v 7 B5FTbN 5,
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Fig. 8 Chemical separation scheme for coral sample
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Table 4. Comparison of non-destructive ¢y-ray method and ¢-ray method

Non-destructive y-ray Measurement o-ray Measurement
Code
Name 238U 226Ra Estimated Age 238U 230Th Estimated Age
(ppm)  (dpm/g)  ( x 103y ) (ppm)  (dpm/g)  ( x 103y )
CH-1 .95£.19 .61x.02 114 + 16/-13 61,12 1.62:.08 150 + 26/-22

L45:.14  1.59¢.05 167 + 33/-24
L755.11 0 1.53+.06 119 + 14/-12
.63+.07  1.46:.03 116 + 7/-6
49+ .16 1.28:.03  60.5+-4.5
L9714 0.95%.04 50.0+-4.0
.60£,15  .054%.006 0.5+-.3

.84+ .15 .61£.04 123 + 15/-13
.45+.20 L42+.02 128 + 24/-19
A7 21 .28+.03 63.0+6.0/-5.5
L70:.20 .03+.03  65.0+7.5/-6.0
.39+.19  .046£.010 < 2.1

(d
1
L61£.19  1.59:.01 143 + 26/-20
1
1
1
1

o

i

w
W N W NN
LW N W N NN

ﬂtﬁE#ijﬁﬁdOHﬁhYT—mﬁ~ﬁﬁ§m§®®,éﬁ%kﬂ%@ﬁ%ﬁ?i(é
S TWBEALTT ENTEL D,

BHEE s N3 P TOEROBFIGSEOEENAS O Ge - LEPS™* 2H THLL CHETH
o EWET S 30T, FHEYHiCE 3ERURIRaE tAREOBE 2B 52 & $ 2 hEBR
TRV,

9.3 By v T0™Th S FUsE ™ Ra /UL
HWEI NI Ra / UH» 6 ERZEMT iz t = 0 OB TTREFEEL Ticd b Lhizw
20Th, *Ra0F5%RMo CHIET ABENH 3, COFSR—RECHOEZL OGNS DTIO
FEY FORR CREELER U TELSH A 0N 1 FERE T TORRTR, BIndHORE
L6 DESHEEHCRECOTEETH 5,

CNERASCRBHY > T 2 ET 2OBRIRETHS 5, Th /U (&7 Th /
50 ) OEEIEANC D O TR Y IR 6 A 50D, B 57 120.014£0.002 DiE%, %1z
FHTHRNU I 10 OFHEY » T 2/E Lok 2P & U T 0.015 ( 0.0026 B> 50,056
ETH) 2B T REFED 1.5 FRESBRYZHELBLON S, UL, CoOfBSERC
s TIHUEBIHE DS 20T, ERBVBETH 5, B8Z 6 ¥V TOETHEE OEN%
FEUTO3DTH55,

—75 R OFEHEE B U TiZ 0.05 dpm /g Ofif * 45% 5 1 0.037 dpm / g OREEY

* 86 D Ge —LEPS B 32 mm( 8cid) D3 DTH 55, BIEIZERE 49.5 mm( 20 ci)D
DOFTHRINT B,



BEESNTOS, COERERHED ?*Ra & Ca h%%2 OEE Y THW b iAA Arogonite &
KRR BBACEEINAECITEC! 9 TOUAEES 3 ppm & TNE X Ra / 2T
Ht2#9 0,03 & 12 B,

2pa /U OEHEB) R S & HRET B0, MEIEIBAEOERN 1 mO Y v T (K
22 6 m THRAL) DEBERCH > CBEN 0 EC I TS H D> T Ra 8L 0P U0 B M
E2fTo 1t Fig. 9 CHIEMER 2R T Ra i2FA8 (£ ) B3 1.5 dpm / g EFd o 12051
EYFRIBRETIRT o 8L, ZPDELDEBH B3 DDFE0.047 dpm /€ Th - 17,
Fig. 956 b 3% 5 i PUBER P Ra E & X OHEEMH b, Ra /UL 0.027 £0.003

20+ % 238

— — l 176
IR

dpmig

hy)

o1k 226R4123820.0274+.003

{ 226Ra

005... { — I { ~—0.047

Il [

‘75 70 '65 '60  year
M9 Bty T OEEERCH - THRLIZ X Ra & “PUEE

Fig. 9 Ra and 2%°U concentrations in present-day coral

* VS KD Ca, RalifEitCa=0.48,%kg Ra=230x10""mg,/ ] T& %% 6Ra Ca Hid

7.5x107%e 78 B, Licdto T100 § D CaCOHIDRa Bk 7.5 X107 x =3 x 107"

“%Ra 1 8132.22 X 10 dpm @AY T ADOT 3 X 10 x 2,22 X 10'°=20.07 dpm,/ 100 g& 75

%o



Thotz, TOMER, PHLI 0.03 &—HT 205, v TOEBRECE YBNEEND 5 &2
ATTHBEBTHAH,

Is1s, Table 335k 004 OFEREEC S BERITAS I B 2Z N FH0.015,0.015& UTRD
72yDTH 5,

9.4 FORBHCT sIEREEE “Omo

“OBT 3 BEL VIHCESHIEA, EENBETH S LI S AN, 1 FEREOE
CREERU Tk CROBREEB» 0, 2 TERBOY V THER—Y L FUT BRI
B UT (TT-)—2X) &3 & LIRS & 0 “CI TR 2 RD T KBt fiot,
T DRI AET TR ¢ = 0 @ty 3E"Th, “RaDFE52RME3CIEYTH 5.
Table 5 (CHIFEHR 2RT. KF aFIOMER, SERONICA, B2EBI0.015 LUTRDIZS

%5 FEMBEoEk:“CHolhi

Table 5. Comparison of non-destructive fy-ray method and '*C method

226 14

eight Ra/238U3Method C Method*
Code Name (9) (a)(x 103y) (b) (x 103y)
TT-6A  50.73 6.25 10 5.20.80  3.57 10
TT-80  48.02 7.95¢.65  7.10+.65  6.88+.11
TT-9A  50.53 9.80+.65  8.90+.60  8.73+.11
TT-10A  44.93 9.25+.95  8.40+.85  8.35+.11

TT-108 50.65 13.8 +1.0 12.7 +1.0 7.62+.11

* Calculated with the half-1ife of 5730 y (by T. Tanaka)
(a) ro” 1.15, A = 0.015, B = 0.015 A: initial Io/U ratio

(b) o> 1.15, A = 0.025, B = 0.027 B: initial Ra/U ratio

DT H B, CHECHRHENC 10’ FREEBHOEL25A T 5T £ 250 5,

C OB, ROLS A, BEZAES shiddEsns, “Ra / UEL T BHEY »
T CORENE 0,027 AL, “°Th / “*UH% 0.025 £ UREEOER ( b5 ) 12 “CrE e b
L LB,

PEOC &L h, FEREYHE, CCHRCHNNIEEDETRE > TOB, 1HELIE

—18—
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9.5 %Py / PUskick BERNEOTE
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©3, Us»ULEPS#IFET 2 Pb & *USHBCEET X 3REHSS b, RLBOBIEN e
&> TP /Ut 6 EEERERD 5T & S4B S 5, Fig 10 BEEY VIO
B TEshiz P/ P*Th e **Bi /P Th OB ZRT 30T, 2°Pb/ Z'Th Hiz R
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Fig 10 Correlation of *Ra /2*U and ?"Pp ®*0 ratio
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ABPREDIACRELETIE, L LUDBHERRIDPIIZLON, VVBIVLIILE
FERTEVTOBDFBARLE & 325 LALOBECEEBEEOM T AL U2 E VIRAY
T UBELTEEIDEODRTVS, UDL HiARMSEY O, HENRCHICERETRED,
ZNL, BERERo7TIOETHE, Ubb4ERETS “'Th, R O0EHERERANOLE
BUTER(BMER) 2BA B i b, IEALBPERCD: o TEGNCE 558, &
50EH AREBHICREZZRULTAEL O L OERTY, EFVREST—% OBIERRETU
RINVEEZ W2 hOXRH 2 BEiEhd» 6 tELOVEERZ OMI T F BB 251 T{ N5,
Ko” X g EAEEHROUBER BT 20 ~ 400 ppm &FE <, 20/ 2UHS 1.1~ 1.5 BE
ThHBEVH, THERNL Th OBEEREE 0.0 n ppm L ECOTHREERR URIIBEDOELEO
HECHUIRAR WA B, Ulzdio T Th RIIEEZ 0.5 ppmPlE 3 &ir L 5 w282 0
HOBERBHZ 5D EARIRERE RO,

10.2 LAERAB

TR & AERUEZ2RA CORKOBEITH 5.

) Bk -E7 U7 HEMICE D, 4237 AmdEECHRES i BEEE [B2-middle up |
i) ANIFEFREHTKETHC LoD UNESCO, 735 v %% OfinEBRILRE BT
BAEEINITERY VS U 4 Salto Grande H+m 4 BEOLAE.

HEi T CallEgek VERMESRA b hi 0 THENEFERECRV § 0T 355
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Ry, BERERIRA. (EEFEEFQEAPHEEINWBRCLS 303D DFELTIRZN)
T3 UTHEIBER 2HSETHRL, 5cnd OMMRCED CRIEREE UGe(Li) X" LEPS
HE 2T o1z,

10.3 # & & R

Amud EOMAEEDOLEPS £k (8Ge(Li) 2% b % Fig. 11 @R T, FFBEETHEL 12
5 > DRFOERI Table 6 it e o T3, USHERIE Amud EHEH 7.8 ppm & HiEg
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Fossil Bone

Amud Cave B-2 Middie-Up
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Fig. 11 LEPS and Ge (Li) spectra of fossil bone sample Amud B-2
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Table 6 Results of non-destructive 7-ray measurement of fossil bones

Results of fossil-bone dating

238U 226Ra 226Ra/238U Agz 21 OPb 228Ra
ppm dpm/g dpm/a % equil. 10y dpm/g dpm/g
Amud#1 7.80+.77 5.82+.58 0.95+.07 16.3+2.0 1.8+.3
Salto Grande
#1 0.94+.17 0.70+.13 0.87+.04 124+24 — 1.08+.13 0.51+.05
#2 0.77+.15 0.57+.12 1.07+.04 188+4] — 0.75+.11 0.53+.06
#3  ~ 0.1 ~ 0.08 1.07+.04 —— 0.47+.13 0.38+.06
#4 1.40+.19 1.04+.14 1.97+.05 189+26 —— 1.36+.20 1.08+.07
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Distribution pattern of uranium
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Fig. 12 Distribution pattern of uranium in fossil bone from' Salto Grande
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Radioactive Dating by Non-Destructive <-ray Measurement.

Kazuhisa KOMURA

Low Level Radioactivity Laboratory, Faculty of Science, Kanazawa University

A simple 226Ra,/ Z*1 method based on non-destructive fy-spectrometry is
discussed for the dating of fossil corals and fossil bone samples. The **7 and **Ra
contents are indirectly determined by their daughter nuclides **Th and ?'“Pb, re-
spectively, the content of which can be effectively measured by low background
Y- specirometry using a planar type Ge-LEPS and /or a coaxial type Ge (Li)
detector. This method has been successfully applied for Quaternary corals collected
from Ryukyu Islands. The reliability of non-desiructive method was ascertained by
comparing with *Th / ®*U method and also with '*C method. The non-destruc-
tive method was also applied for the fossil bone samples collected from Amud Cave
(srael ) and Salto Grande (Urguay ), however, reliable age could not be obtained
mainly due to the contamination by soil components. The experimental techniques and

method of age calculation are also discussed in detail.



