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Abstract : The radiocarbon dating method for the samples with the age of 40,000
to 50,000 years B.P. using benzene-liquid scintillation is reported in detail. There
are two major problems to be solved for dating such old samples, because of a
trace amount of C-14; 1/100-1/500 of the modern carbon.

One is the method how to measure C-14 under the relatively low back-
ground condition by a liquid scintillation counter. The benzene was held for one
month after synthesis, so as not to be affected by short lived isotopes caused from
radon. The benzene sealed in a teflon vial containing scintillator was measured
by scintillation counter for 60-100 hours (b times length of the young sample).
Background is 1.5 cpm a 20 ml sample solution.

Another is the method how to get the less contaminated 4-15ml benzene
from carbon-bearing sample materials. The enough weight of samples (about 5
times weight of the young sample) originally less contaminated by new carbon
were repeatedly pretreated to eliminate the new carbon. The benzene was
carefully synthesized from the samples avoiding the contamination of modern
carbon. The degree of contamination during benzene synthesis is about 0.1% for
a blank sample. The oldest age that can be estimated is 56,000 years B.P. for the
blank sample under the measuring condition.

In practice, we can not get the oldest age, because most of samples have
been originally contaminated by new carbon. The C-14 dates of the old samples
are easily affected by new carbon. The degree of original contamination by
modern carbon in the wood sample older than 100,000 years B.P. dated by fission
track method is measured to be less than 0.2%. When the degree of contamina-
tion is less than 0.2%, the dates younger than 45,000 years B.P. is regarded as
nearly true age.

This method is applied to date-unkwoun samples. When a date older than
40,000 years B.P. is near the oldest age that can be estimated under the measuring
condition, it should be regarded as a minimum age. '
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FHEDERRMESTRETSH 5. 4-5 FEOERAE #1T
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BED 10050 1-500 50 1 o%E® “C BELRIE
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Lz kb 454 B.P. DK 2,500 FHERY, 6
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RS 530,

Ry B VR Y v FL—va vick b 4 FENUTO
UC ERREERIRICAEZLTWS (B« A, 1983;
ToaasHI and MaTsumoTo, 1984) O T, Th%EHiE
&L kT, RET, 4-5 FEOERAET 5 fodicis
BERBREAPLE LTHRET 2. 6T, REP, EX
HRAEEC S W TR EEORIXEBRBL TV E L
V.

2. 4-5 FED “C ERAEE

2.1 HHEDBR

S5 FEORIEET B nicid, HEOBINMERIC
BEABEELRITT. VELEHRE OFRNERER
HBhdTE, QHFLVREZOBAMHEESZFDIS W
&, @BALLFLVERED, LB XIAESIC
BETEXBIENETHS. LUTRFERT 3.

FoaEEE, BEOEE, KEEERICKDRE 3.
5 T ERE OFEREEB S HIcid, BB ZRED
BiIcBEB 5-15ml O vEY (RERET412g) %A
BRARERBSMETH S, Hibd LIk, RIEHEES
BHoERR, REOBIEAIL, 5 FEUTRE S,
34ml ORVYEVYTHRNLTHS. 15ml ORVEY
2EZOIHERBRORE, HFOREIS L5055,
AERRIATIR, LBREETH 200g TH3. BRI
CORBIED 200g TH 5.

FLORROBAZET 2100, HEODWFIRLE:
SFERBVREEEY, SoRHBETOFELRERT S
iz, REBHZEHORNLDO AT ~NETH5. H
REDORBIETIR, BERELLD, AB8WEELERZ
FELWEREZRIBVOTEIT . BEROEHELRIE
MoGER, B - X EBKREFFE LM LN
TEA,

ALEI XD HFLVRREBRELPTVOR, R
PARETH S, HOE vy ITREDRBERZ, TEL
P4, HEORVHEEREBICES L REL WSS
BEV. THEPRIEOBVIRRIE, BRERRET IV
H VTR &, BETIRENDLDILERD, F—
SHTHB 4-12g DRFERD T LERBE TRV,
BRL LT 45 AFEOERBE R OBEL LI
RILKP AR Th 5. B« v I oRigE, +HiEe
RILEOEVRT, +ARAIMENTEEVWEETH
Bohi MCERBLIOVEWC EAEEIITHTE 3.

2.2 Hi M OE K

BRI ISR - Ak (1983) ERU#D, FilLEoD
EH%EEPTET, FLORROBREEIVELT D

&Lt

SEAIESE L RBc o W T ORTMEEIC O VW TIRE
HROTEE R CHIERROEIRT

2.3 RvEVER

BEAYvFL—vavhy vy —TUCEERAE
THDICE, FEROREY S, KRBT R, 7€F
VYERTRVEVEASRT ANEND Z (B - A,
1983).

Ny EVEBR—EIC 5ml o175, —EIK 5ml
Plo~xy¥yi2amd 5 E, KOBRESCEBSL,
b, FEERTHB.

ZOBET, HEE - RE, - ERD S OBERREOEA
EBH & FDITIRD T & ET - 1.

@ BURHRBEER BERATICTRNCERS T 5.

@ BEECHVBEETRIT 99.99% OFED & DA
BRPOCBILRRIRERTHRET 5.

® HELVREISSHIBRIREEZBNSEET v
==7KiZ, 5L CaCl, &IMZ, 7vE=7K
FORBA 4 % CaCO; & LTS Y, ZOLT
BEFERT 3.

@ HRLRBRANVY Y LRZH S AT 4 V5 —%F
WTHEIC AR L, ZERICHNBEREBIDIE TS

® TEFLVARKICAWVWS Li BEEFY S —45—
AL, BEIOKBISEEDEVEEOE LSO
2RV,

® T7EFLVARIKEBLTE, BRATESHNELS
SRIEHE (48 - A, 1983) 2HW5A. NBI4THE
Do oE/H LT 3. NERORIGHE EERTCZE
[P THRDICEREE L, RIGHED “C 0ox ) -2k
<.

@ BIEHD Y F9LOHBEDELTELDIC,
TEF L YEEICEVAKE N Y F Y ABEODE VK
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BRI NIz

2.4.1 HEoOHEE

SRSy Evicld, RvEVD1/3BEDY v
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COUNTING RATE
6.0{CPM

40 1 22 ph22Rp + x

/

2.0 -

min

4000 6000
TIME AFTER SYNTHESIS

Fig. 1 Variation of counting rate of the benzene with time after synthesis.
X ; counting rate of C-14 in benzene and background.
Rn-222 ; counting rate of Rn-222 (half life is 3.825 days)
Pb-212 ; counting rate of Pb-212 (half life is 10.6 hrs. originated from Rn-220)

Fr—¥—%MA, F79¥ 20ml N4 TVIZANS.
Y vFL—%—i3, t-butyl PBD5wt% © bz Vi
WERWEZ, Ak Lic~xvE vy, sy Ro)
DEELZBT L, 1 ARBERTRET 3 LE
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BEALL-DICAREROTE 2570 von g 7T
ANTHEIEL f2. 50 5 EEHE L, Z 0% 100 43Rk
VWA BEEBRVELL. AR 6000 SR ORI
FIRCALND L HREERT 3. —F, ARE1LL
BRHKE L -8k 3REBEASED 0T, CoE
() BED UC OHERE Ny 775y v FOEHER
OMER B, TOEOEIH UE 1 KRS Wi
b3, Rn CEREI3.825 H) & ®Rn CEE#A54.5
) omgREo *MPb CERE10. 6D ks bD
LIBRTE B, ft-T, 4-5 FERD MC ERBIE K
LT, Nverakk, shllgcedisdLs 1A

MOKEMSHETHS. 88, Ny 2757 v FHIER
OREXVE VDWW TR, I FVYORARED LK
W,

242 W F

Ay vyFL—va vy vy —ERBEEHCEEL
(B - MAA, 1983), ¥R, 75 v 73K CUd~
v 775y v FRED, RORESRK%=RHE I E—&HE
T2 DR LAET 2. AEERE, Kalkic
> %45 60-100 BRI TH 5.

3. AIEFRELRTOFER

HEFTMEREHOERIE, WERRE Ny S5y
F OFHEEERI DR U4, IEWRORFEMER &~y 7
759 v FRIO 20 KL S - BoERE LTE
Bl —BHWITE 30 OREL, 1965, p. 8l &L T
HEINTVEY, HEEROEESE 20 &LAODT,
CNEDEEEERIDPBZY, BHEOERIOVTD
20 AL ‘
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HWERETARENE £85)

I AT 72 By DEER (b max) 18, EHEIE (o), Ao 1
REOES (0, ), WESH G, 5, <2759 bmax = 8,088 In ey (b
VK OHER (B, cpm) KL VEE B, EERZEDK REOES (w) BE (2) Rickh, ~r¥rof
BEEE Ao (dpm/gC) &30, t max RUTOX B @) KfETx3,

THRENS. W=U "R @ ceerreerrrrennreretiiaaen, (2)
Background Benzene Volume
45 6 75 12 1Sm|
cpm|[ : ¥ : :
1.5 ¢
107
05}
0 . . . . . . L
6 8 10 16 20

Total Volume mi

Fig. 2 Counting rates of background depending on the volume of benzene.
Total volume ; Total volume (ml) of benzene and scintillator.

Table 1 The oldest age (t max) that can be measured under tHe best condition depending on the
volume of sample benzene.

volume (m/)

benzene 15 12 7.5 6 4.5
scintillator 5 4 2.5 2 15
total 20 16 10 8 6

counts in 1000 min.
1408 1190 904 758 636
1416 1194 806 728 652
1394 1192 836 704 586
1422 1156 848 714 592
1404 1144 810 676 582
total 7044 5876 4204 3580 3048
count rate (cpm) :
background 1.41 1.18 0.84 0.72 0.61
error (20) 0.02 0.01 0.01 0.01 0.01
t max (years B. P.)
62,000 61,000 58,500 57,400 55,700
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t max
y.B.R
60000+
o
50000 |
4 6 8

10 12 14

Benzeéne i

Fig. 3 The oldest age (t max) that can be measured under the best
condition depending on the volume of sample benzene.

TIZT, R=xRvEVyhoORER=0 922
G=~Nv¥vOItE =(. 879
BOTE (2) XhoE (3) AMBELL S,

ZIT, Ao=13.53dpm/gC,
7=5,00043, £=0.65 L\ 3 REERHETIE, (1) Rig,
t max = 41,660 + 8,038 In (u/ A/B) <+ (4)

L85, v & B OBEREIERNIIRDEENTE S,
1R F2NT20ml F7a vy L TLERVWTE
Biicskdic v & BOBERERL. TOBRESE
(4) XEFAVTESNK t max & v LOMBRESEL
%, BIKRLE., ZORER, BMELTE, 5mlo
SN ¥ T 62,000 8E B.P. £ T, 4.5ml Ok
Ny Th 55 04 B.P. ¥ TOERREHNATREE
WHEEIR A, L L, EEoERAETIE, ARA
BAOH LWREDBARUAN Y ¥ Y ARBRETOH L
WIRRDBAK XD, HELARESERLOELCZSH
BelEbsh 3. DTk bW THERT 5.

4, TSUHIDOHE

Ny EVARBRETOH L VWREORAOCEE AW S
MICTBEDICTS D UC BERERT- 7.
HEROEBEAIKE (ERIESEEE) »5 15.005
cc (13.189g) O~ v € vEAR LK. HEHI 400C T
2R EEE L, ARk ¥, 4000 2REL,
SFHEH6,200+160 2 0), ZOBDNy IS5 VF
DEFHIZ 5,800+£160 (20) THYH, BEOENEDS

Nz, CORFICRITLDED UC DA - &
EZiZonb.

H-T, 20735 v DERD 56, 000155 & B.P.
(JGS-133) A%, FE FREREELRETOER L BT E
NBERETH 5.

BALK “C oRBERGKEB S, ~v¥€ramkk
CHOWOHERE NV P UyAREBREMNEL NS,

T ORAIKE OEKROFEEI 0.10£0.05 (2 0) cpm
Th 5. BALK MCH, BERORE (13.53 dpm/
gC) L LTEHETBE, ZDEARIZ0.09+0.05 Qo)
% Thd. foT, NvEVERBETORRRED
BARIIK0.1% L REA T EMNTE 5. 0.09% OH
RERFEHMD - 1BECRIE R RS OFERE
max) EZNThOREORHETIHEL, AERRI
ffLre (2.

5. BA UYC 0EREBENDOLE

HRO®E (04 B.P. 13.53dpm/gC) S&ERHTIE
AULTBADERBEOERED 2 EFRT>VTHEL
BAKICR Lz, COR»SHLMIEE ST, 1FEM
Toskhd, 7£&Z2-3% ORARERENSBALTHEE
AEFERMEICEEN IV, 1-3 F4 B.P. OEkH, 0.5
% UTOHRREZEDBAND > THERE~DOFEZ
RELWV, &AM 3TFE B.P. 2T &, BARE
BACIZERBEOERY OBESE L, 42,700 F
B.P. 0K 0.2% 0 HARFE T 40,000 4£ B.P. i
Ry, 6 54 B.P. LI EoRKZ, 0.2% 0BAKE
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HEREFAR ENE F8H

DOBATS H4E B.P. WEES. (£-T, 45 A%F0 “C
FERAECTRSEELC &, RO E- 1%, B
RETR-2UMb-t “CoHEDRIH B0, LT,
ZFNDEIEIC L > TENRTWMOBRT E20ENS T &
ThHb ~VvEVEREDO “C 0BAR, Bl
XO1H0.1% Thh, 57F B.P. fr ToREKITIE
RESFERIV, .

AEANOH L WKROMMOBEZRETT 52013
Mo FHET 6 FE B.P. UEoERERTHBICOWVWT
o UCEERHETLEIV. ZofELT, SRo
— AETHORE & REREDKE 12 F7F) oy vTo HC
BEREET - .

5.1 HRoO—LABFhoOE

L OMBIERe - A THBEROBORBIRKRER-D
bOTHE, HRu-—sBTROFEREF 7 5BFL7
4w ¥avhIysikickb, 10-14 74 B.P. &HEE
EhTwzd @TH - B 197D, coxFkic>vwTo
ﬁ%&@ﬂﬁ%ﬁuuT@ﬁ@f%a

FHiR o — ABh O
BRECHE - AR IRSEIETFS (35720755 N, 139°167

15" F)

BElR . iR - 2B B ICERDO S 2K, EEN
1m. GREESRE-D)

IR HR OHREGE - 19824612 A 16 H, ST
HEE . EWET

BERESR CRIEM : JGS-124, 51,000°2% 4E B.P.

BALEREE BB ER 220g OM%E Sem UTF O/
WL, 2% KEB{bF b ) v AEK T 1 EERER R

KT 2HMEE 3EEVEL, 2% HCL fc—Huik

BLTHRL, Kk, Kkbc—BKER, *5icKkik
LCERRL, 400°C1EMc&Ez L, 30g 28N
Ll

B TSN ZEOFEMIE 10-14 FE ETH - 87K,
197D). dhiftiEd (1986) DIEFRERSWTETIC X 2F
—E B ORIERER I3 49, 1001, 900 4 B.P. (NUTA-
133) TH 1.

FRBW IO FEULTHBELT, TOBBEEEIR
WY 5 &, BRIREOBAEE(.1850.04% TH
3. o i, ZRoRGrRINE, BAREORE
AZN, COBETTNSVWIEERLTEY, 201
Bk 5 AEEL £ TOERNELAEETH 5.

5.2 BRERKE (12 /ER) ov v T

BRI Q2 FAERD I3 EEH +6m ERL,
Z QBB S hicy v THEGE - BEGHEIR ORI O
Itk vy oS LTROYWHEATWS, 22 TR
Veer (1966) Ic & W2 v V EBOX VY H4 YETE
WRDKHIOBEKY » = (95 v—+ ) 9 AFET 12 HHERD
LRES D S BRE U ERER V. X &
WARERORERITLET I ITFA b T, AROLEEBER
LB d ot TOREHC D W T ORTEH R CRIER
R To@ED TH 5.

v v H4¥ (Mangaia) SOBEKY v T
BEH : 7 v 7BV H4¥E (22°51°00"S, 157°

56 58" W)

EEIR : BodtiERE oKy v THctInAEhic/ v
FOREONYF Lo ey v (BN, S +2
m OEs)

REUEA BROHREGE : 1982467 A 20 H, k&HZ

Table 2 The dating condition

Wl E &S W E & AEHErE <3 R #%(20) t max*! t’ max*? BAREE
JGS (% B. P.) (5 B. P.) (8 B.P.) (& B. P.) BAE (%
124 EiRo -4 X B 51,000 +2,300 — 62,000 0.18

1,800
vy I ES e +1,800 _
326 A $ya 40, 100 T 53, 600 0.7
125 5 KRR BRIk 54,600 T a0 - 60,000 <0.11
132 HEBRAR RAEA 50, 100 i%gg — 60, 000 <0.20
123 Bl R’ % 46,800 . — 52,000 <0.30
MHEBAR & ' —3,400 ' :
N o -+ ]
133 5V BRE 56, 000 * 4,500 61,000 0.09

*1. t max: the oldest age that can be estimated under the measuring condition,

on the assumption that -

*92. t max: the oldest age that can be estimated under the measuring condition, on the assumption that
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%

0 0.1%

029%
42700

1%

x104 6 . .
Y.B.P.
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4l
@
o
< 3} 30700
he)
14
2 2t 20200
P
=
1 10130
K 2 3

5 6
True age x10% y.B.P.

Fig. 4 Relationships between measured and true ages depending on the
degree of contamination by modern carbon.
Circles with figures show the age with 0.2% contamination by modern

carbon.

HITEE « fAARE
RIERE R ORIER : JGS-326, 40, 100°1%0 4 B.P.
BILEE : B 1-2cm ORESITHVW Yy T 4lg %
FEBTHUELT 36g & L1z
COWPESLEMETD t max i3 53,6004E B.P. TH 3
B, BoNkERIE 40,1004F B.P. Th 5. HE0E
DERE 12TTFE LT3 LERRROBAR0.7£0.1%

and dates of samples.

Th5 IO, RRPRIEKRDELL 5XTHLKR
ELAN

6. 4-5 HER®D “C ERAUEHR L Z OER

chE e~k FEEAVWTE LS Lk 4-5 FERD
o ERBIEERE, £20IRICO WV TRNS,

#BE(20) ~vevE B _ ¥ 7Ivy Ny srIUVE By LS ERREEER AR
(%) (g) & i ¥ 2% £ 7 & C:p) (cpm)
+0.04 12.950 10,415 9,300 - 6,000 0.186 0.65
+0.1 4.215 2,936 - 2,225 3,000 0.237 0.67
+0.06 13.756 5,023 4,650 - 3,000 0.124 0.65
+0.06 12.497 6,994 6,200 - 4,000 0.199 0.65
+0.16 4.000 3,072 2,784 - 3,000 0.096 0.65
+0.05 13.189 6, 26(_) - 5,798 4,000 0.100 0.65

the degree of contamination during benzene synthesis is 0% as background.
the degree of contamination during benzene synthesis is 0.09%, which is for blank.
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Measured age x10% y.B.P.
w

2
1 1
o tTTA=0.5
0.1 0.2 05 1 5 9%

Degee of Contamination by modern carbon

Fig. 5 Degree of contamination by modern
carbon for charcoal from the Ata
pyroclastic flows assuming the age
is 90,000 y.B.P.

C-14 ages are referred from AramaxI and Ut

(1965), Ismikawa etal (1979), Owxo (1973),

Suzuki and Ut (1979), Ut (1972) and Ur and

Suzukr (1980) and this study.

Symbol : square; scale out age, circle; not

scale out age, diamond ; age of this study.

TA : true age.

6.1 FIZKPBERPORIER

Fi kB, HTH (1983) kb, 77 5@FE Y
4y varhIy7ERES, 9-9.5 F4F B.P. LiffE
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EER : L KBRIFEBEZERICEENIER 60cm, &
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HIEE : BBXT
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BALERE: : WIRER 200g %, 2% KBLF bV v AE
KT 2 BRIER LKET A BRIEE 4RO ER L. %
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1EEfEZREE L, #30g 23K E Ui

BE . FHEDL (1980) Kk 3E—RBHOERMER
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(1986) ic & B E—FHE D 4 EORIEDFIZ 43, 700
+900 4 B.P. (NUTA. 134, 228, 232, 179) T &
-7z,

AR O RIERME B 2 AIE R L& DER
" max) 60,0004 B.P. T b, AIEEMRIH,
RO, TOERMSVI BT ERE, OREKRE
73 51,200 (54,600—3,400) & B.P. Lo&HWL. @
HRRZOBARIZO0.17T% LITTH 5.

6.2 TP &RRKk (TPfD) PomibKR
TP BRI, FERALERES L, BIsMS % i

SNHETBIEERLEE T 75 Th 5. TP BADERLEL

TR, 749 ¥av Iy 7LD, 49, 000£5 000

(lo) £ BP. tanTx (HH-%K 197D. L

ML, BELLT 20 2&hid, ZoERIT 39, 000~

59,000 EDRIE WS T L2t y, BEDEMKEL,

ZTT, TO TP BAOK FicOE& > xEH LA TP

BARK (TPD FoR/bRD “C ERAIEEIT- .

EERUOERELITO®@EY Th 5.

TP BAit o R

BRECH - MREREFTHEE, EE 246 SREE/IRET
(35°22" 40" N, 139°13"40" E)

B  BIRKLEREA (TP) 28895 TP B4HRoO
THEENBERZE Sem, EE 20em DRILARR
(TPfD) (AHEIED, 1981) OX 6 OEEFE

FEAEA AR UREGE - 198345 A 10 H, EBXT

HIEE : ERXT

AEES R ORAER : JGS-132, 50, 100225 4E B.P.

— 532 —




HWiky v FL—va vEEIRE S 4-5 FEO UC ERAE (EEET - AR

BIALEE . $IRTEE 250 g ORKEE, 2% KER{bF bV Y
LYEHEC 2 BERTENE LokEEd 2 8RE% SER VIR L /2.
BHEBEKTAECFER LSO T, 1 ERRRE,
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7z, Rtk o, KEcRREOSEEEHAY
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COE»S, TP ®F OEMRH 48 000 4 B.P
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WIREDOBAOEENFHTH 20T, TOERUEE

NEFEL BB, MC ERMEOERZI ARV

AWV, T49¥av Iy sik06HEBP. &b

FEwEwosF—safHT s Lickd, TP BLOHKD

EHOERIT, 4.8-6 F4E B.P. OfflickE Uz 0Z 3.
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Fig. 6 Sampling location and geologic column for peat from the Sekine pumice flows,
post caldera stage of Osoreyama Volcano.
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